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Abstract

This manual 1s one of a series of technical support
documents being prepared under the National
Contaminated Sites Remediation Program of the
Canadian Council of Ministers of the Environment
(CCME) Use of this manual will provide a consistent
approach to sampling, analysts, and data management
for contaminated sites on a national basis The
primary objectives of this manual are,

» to provide guidance for sampling and analyzing
complex environmental matnces, such that the
data obtained will be representative and of known
quahty

» to reduce selection of the many available methods
In use to a few of the best so that future analytical
data from multiple participating laboratories will be
consistent and comparable

The manual stresses the significance of qualty
assurance (QA)/quality control (QC) and planning, and
emphasizes the Interdependence of sampling,
analysis, and data management objectives In the
planning and execution of tasks within each of these
three areas It focuses on the specific analytes
identified in the CCME’s Intenim Environmental Quality
Crteria for Contaminated Sites, which was published
In September 1991

In Volume |, Main Report, Chapter 1 introduces the
subject matter covered in this manual Chapter 2 I1s
devoted to the pnnciples and problems involved with
obtaining representative samples from the four
matrices  soills, sediments, surface waters, and
groundwater Topics include problems unique to each
matrix and considerations in obtaining representative

vil

samples, selecting sampling locations and equipment,
and preserving samples after they have been
collected

Chapter 3 provides a bnef discussion of the criteria
that are important in selecting appropriate analytical
methods Chapter 4 descnbes the cntena for
selecting analytical methods Chapter 5 discusses
data management, including such topics as data
recording and documentation, data custody and
transfer, and data valdation, completeness,
comparability, compatbility, review, verfication,
handling, and transmussion A final section addresses
data reporting by laboratones and data presentation in
final reports

A glossary of scientific terms used 1s Included at
the end

Volume H, Analytical Method Summaries, provides
method summarnes for the analytes in a consistent
format that identifies all the information needed to
decide whether to use that method in preference to
another, and f so, what major analytical
instrumentation would be required A method
summary includes sample preparation, potential
interferences, QC requirements, comments on use,
and, where applicable, comparison with other
methods For detailed information, however, users are
advised to look up the original references A list of
unpublished analytical methods that are used by
various federal, provincial, and commercial
laboratories 1s provided in an appendix Volume Il I1s
availlable in hard copy format or on a computer
diskette



Résumeé

Le present document fat partie d'une sene de
guides techniques preparés dans le cadre du
Programme national d'assamissement des lieux
contamines du Consell canadien des ministres de
lenvironnement Cet ouvrage permettra d’harmorniser
a lechelle nationale I'echantillonnage, 'analyse des
echantilions et la gestion des donnees Ses deux
principaux objectifs sont les suvants

« constituer un guide pour lechantillonnage et
lanalyse de matrices environnementales
complexes de maniere a ce que les donnees
obtenues soient representatives et de qualite
reconnue,

« choisir les meilleures méthodes parmi celles qui
existent de mamere a ce que les donnees
analytiques fournies par les laboratorres
participants solent plus cohérentes et comparables

Dans tout le document, on insiste sur 'importance
de l'assurance de la qualite (AQ) et du contrdle de la
qualte (CQ) Par allleurs, on insiste sur
Iinterdépendance des objectifs de l'echantillonnage,
de lanalyse des echantlions et de la gestion des
donnees en ce qui a trat a la planfication et a
Fexecution des tiches dans chacun de ces trois
domaines Le document porte particulierement sur les
substances mentionnees dans les Criteres provisoires
canadiens de qualite environnementale pour les heux
contamines qui ont eté publies en sepiembre 1991

Dans le Volume 1, Rapport principal, le Chapitre 1
presente le sujet de maniere génerale Le Chapitre 2
est consacré aux principes et aux problemes relatifs
au prélévement d’echantillons représentatifs a partir
de quatre matrices, en l'occurrence des sols, des
sediments, des eaux supefficielles et des eaux
souterraines Les themes traités sont entre autres les
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suvants problemes particullers lhés a chaque
matrice, considerations relatives a [obtention
dechantillons representatifs, selection des points de
prelevement et de 'equipement et conservation des
echantillons apres le prelevement

Le Chapitre 3 expose briévement les criteres qui
sont importants dans le choix de méthodes d’analyse
appropnées Dans le Chapitre 4, on decrit les criteres
de selection des methodes d analyse Le Chapitre 5
porte sur la gestion des donnees On y tratte entre
autres de la presentation des donnees et de la
documentation, de la garde et du transfert des
données, de la validation des donnees, de 'integralité
des donnees, de leur compatibilite, de leur revision, de
leur verfication, de leur tratement et de leur
transmission Une derniére section porte sur les
données fournies par les laboratores et sur la
presentation des données dans les rapports finaux

Un glossarre des termes scientfiques employes est
inclus en appendice & la fin du manuel

Dans le Volume I, on présente les sommaires des
methodes applicables aux substances spécifiees, de
maniére a fournir toute l'information necessaire pour
choisir une methode de preference a une autre et
pour connaitre les principaux appareils d'analyse
requis Un sommarre de la methode comprend la
préparation des échantillons, les interférences
potentielies, les exigences relatives au controle de la
qualte, des remarques sur [utiisation et, le cas
echeant, des comparaisons avec d'autres methodes
On recommande toutefots aux utilisateurs de consulter
les réferences onginales pour plus de detals Une
liste des méthodes d'analyse inedites qui sont utilisées
par divers laboratorres fedéraux, proviciaux et
commerciaux se trouve dans un annexe Le Volume
Il existe sous forme imprimee ou sur disquette
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Introduction

BACKGROUND AND OBJECTIVES

The National Contaminated Stes Remediation
Program was established in October 1989 by the
Canadian Council of Ministers of the Environment to
deal with contaminated sites In Canada The program
has three main objectives

e to apply the "polluter pays” principle to the cleanup
of contaminated sites

» toclean up high-risk "orphan” sites, i e , sites where
the responsible parties for the contamination of the
site cannot be identified and/or are unable to pay for
the cleanup

* to work with industry to stimulate the development
and demonstration of new and innovative cleanup
technologies

The program operates on a cost-shared, five-year,
$250-million budget based on matching funding by the
federal government and the provincialterntonal govern-
ments Of the total amount, $200 million will be directed
to the remediation of high-nisk orphan contaminated
sttes, and $50 miliion will be used to develop and
demonstrate new remediation technologies

inthe first year of the program, two major activities
were begun in support of a consistent national approach
to dealing with contaminated sites the development of
a National Classification System and the development
of Intenm Environmental Quality Critena Both provide
information that Is important to the organization of this
manual, particularly the latter, upon which the analytical
groupings of contaminants are based (Table 1)

The CCME's National Classification System (1)
wili be used to classify contaminated sites into three
broad categories of concern according to their level
of nsk A site I1s designated as high nsk when site
contamination represents a real or imminent threat to
human health or to the environment In this case, an
immediate action will be required to reduce the threat

CHAPTER 1

The othertwo categories will be assigned lower prionty
incleanup

Intenim Canadian Environmental Quality Cnteria
for Contaminated Sites (2) establishes numerical
limits for the assessment and remediation of soll
and water based on the safe use of reclaimed
land for agricultural, residential/parkland, and
commercial/industrial purposes They are based on
a review of existing cnteria used by the Canadian
provincialterntonal junsdictions These cnitenia also
include the Canadian Water Quality Guidelines
(CCREM 1987) and Guidelines for Canadian
Dnnking Water Quality (Health and Welfare Canada
1989) for specified uses of water likely of concern
at the contaminated sites

The guidance prowvided concerning sampling,
analysis, and data management in this manual repre-
sents a further integral step towards development of a
consistent national approach to dealing with contami-
nated sites 1n Canada The pnmary objectives of this
manual are as follows

e to provide guidance for sampling and analyzing
complex environmental matrices, such that the data
obtained will be representative and of known quality

* to reduce selection of the many available methods
in use to a few of the best so that future analytical
data from multiple participating laboratories will be
consistent and comparable

DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) are an important
aspect of quality assurance (QA) for the entire process
from collecting and analyzing samples to data process-
ing and reporting They are statements that provide
critical definitions of the confidence required in drawing
conclusions from the entire project data These
objectives will determine the degree of total vanability
(uncertainty or error) that can be tolerated in the data
Limits of vanability must be incorporated into the



Table 1. Target Analytes for the National Contaminated Sites Remediation Program

General Parameters

pH
conductivity
sodium adsorption ratio

Inorgamic Parameters

anumony
arsenic

banum
berylhum

boron (hot water soluble)
cadmium
chromium (+6)
chromium (total)
cobalt

copper

cyamde (free)
cyamde (total)
fluoride (total)
lead

mercury
molybdenum
mckel

selemum

silver

sulphur (elemental)
thallium

un

vanadium

zin¢

Monocychc Aromatic
Hydrocarbons

benzene
chlorobenzene
ethylbenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichlorobenzene
styrene

toluene

xylene

Phenolic Compounds

nonchlonnated' (each)
chlorophenols® (each)

Polycychic Aromatic
Hydrocarbons (PAHs)

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
dibenz(a,h)anthracene
mdeno(1,2,3-c.d)pyrene
naphthalene
phenanthrene

pyrene

Chlorinated
Hydrocarbons

chlorinated aliphaucs’
(each)

chlorobenzenes® (each)
hexachlorobenzene
hexachlorocyclohexane
PCBs’

PCDDs and PCDFs®

Pesticides

aldnn and dieldnn
chlordane

DDT

endnn

heptachlor (+metabolites)
lindane
methoxychlor
carbaryl
carbofuran

24-D

diazmon

paratinon

diquat

paraquat

' Nonchlorinated phenolic compounds include 2 4<iimethylpheno

? Chlorophenols 1nclude chlorophenol 1somers (ortho meta para) dichiorophenols (2 6

34 5-) tetrachiorophenols (2356-2345-2346) and pentachlorophenol

| 2 4-dinitrophenol 2 methyl-4 6-dimitrophenol mtrophenol (2 4-) phenol and cresol

2§ 24-35 23 34 tnchlorophenols (246 236-245-235 234.

' Ahiphatic chlorinated hydrocarbons include chioroform dichioroethane (11 12 dichloroethene (11 12} dichloromethane 1 2-dichloropropane 1.2 dichlo-
ropropene (cis and trans) 1122 tetrachloroethane tetrachloroethene carbon tetrachlonde tnchloroethane (11 1- 112 and trichloroethene

* Chlorobenzenes include all trnchlorobenzene 1somers all tetrachlorobenzene 1somers and pentachlorobenzene

$ PCBs ncludes mixtures 1242 1248 1254 and 1260

¢ PCDDs and PCDFs

2378-T,CDD
1237 8-P.CDD
12347 8HCDD
123789 HCDD
12367 & H,CDD
1234678HCDD
0,CDD

2378T,CDF
23478PCDF
12378-PCDF
123478 HCDF
123789 HCDF
12367 8HCDF
23467 8-HCDF

1234678-H,CDF
1234789 H,CDF

O,CDF



sampling and analysis plan, and are achieved by using
detailed sampling and analysis protocols Data qualtty
objectives differ from measurement quality objectives
(MQOs) (such as precision and accuracy) in that they
are limits for the overall uncertanty of results, while the
latter are only limits for the uncertainty of specific
measurements (4)

Data quality objectives can be qualtative or quan-
ttative Qualtative DQOs are specific descriptions of
actions that are to be taken if an answer does not meet
the desired outcome They contain no quantitative
terms, but reflect general decisions that must be made
On the other hand, quantitative DQOs contain specific
quantitative terms These may include standard devia-
tions, relative standard deviations, percent recovery,
relative percent difference, and concentration (4)
Often, desired DQOs must be balanced against the cost
of sampling and analysis, and more realistic objectives
must be established with the concurrence of the data
users Three factors that most influence the cost of
sampling are site location and accessibilty to sampling
points, the number, kind, complexity, and size of
samples to be collected, and the frequency of sampling
The extent to which these factors will influence cost
depends on particular aspects of each sampling project

When environmental data are collected for making
regulatory decisions concerning contaminated sites,
the decision makers must understand the level of
assurance associated with these data To determine
the level of assurance necessary to support the deci-
sion, an tterative process should be used by decision
makers and project planners

Data quality objectives are the full set of
constraints needed to design a study, including a speci-
fication of the level of uncertainty that a data user Is
willing to accept in the decision Data quality objectives
are developed using a process that encourages the
sequential consideration of relevant 1ssues Table 2
shows the principal stages in the DQO process (5)
Each of the stages results in an important criterion (or
“product®) for the study that describes the following

* the problem to be resolved at the site

» the decision needed to resolve the problem
* theinputs to the decision

* the boundanes of the study

e thedecision rule

o the uncertainty constraints

Table 2. Steps in the Data Quality
Objectives Process

State the problem to be resolved
Identuify the decision to be made
Idenufy mputs to the decision
Narrow the boundanes of the study
Develop a decision rule

Develop uncertainty constraints
Opumaze design for obtamning data

These constraints or products are the DQOs that
will be used to formulate a study design that achieves
the desired control on uncertainty, allowing the decision
to be made with acceptable confidence (5) There are
several benefits to establishing DQOs

e The data generated are of known qualtty

o Data qualty objectives help data users plan for
uncertainty  All projects have some inherent de-
gree of uncertainty By establishing DQOs, data
users evaluate the consequences of uncertainty
and specify constraints on the amount of uncer-
tainty they can tolerate in the expected study re-
sults The likelihood of an incorrect decision I1s
eslimated a prion

o The DQO process facilitates communication
among data users, data collectors, managers, and
other technical staff before time and money are
spent collecting data

¢ The DQO process provides a logical structure for
study planning that is terative and that encourages
the data users to narrow many vague objectives to
one or a few critical questions

e The structure of the process provides a convenient
way to document activities and decisions that can
prove useful in ltigation or administrative proce-
dures

e The process establishes quantitative critena for
knowing when to stop sampling

In establishing DQOs, 1t 1s important to foliow the
sequence of stages because the product of one stage
is often an inputto later stages This process, however,
should be regarded as both flexible and terative Asthe
study team sees the implications of different products,
it should go back, as necessary, and revise products of
earlier stages to incomporate the new concerns



IMPORTANCE OF
QUALITY ASSURANCE/QUALITY CONTROL

The objective In collecting samples for analysis Is
to obtain a small and informative portion of the
population being investgated Usually, representative
samples are sought, 1 e , samples that can be expected
to adequately reflect the properties of interest of the
population being sampled However, targeted or non-
representative samples are sometimes needed, e g, a
particular spot at a contaminated site that appears to be
discoloured Samples taken at that spot, however,
should be representative of it at the ime samples were
taken If samples, individually or collectively, cannot
provide representative information, they are seldom
worth the time and expense of analysis Therefore,
planning for informative sampling must be an integral
part of any study

From the beginning of sampling to the phase
where the collected data undergo analysis, interpreta-
tion, and evaluation, there must be clear and precise
documentation encompassing QA guidelines and
principles that cover every aspect of data collection (3)
Table 3 provides a convenient checklist of the subjects
that should be considered when planning for sampling
contaminated sites (4) Table 4 lists the minimum docu-
mentation needed for sampling activities (4)

Another important consideration in pianning for
sampling and analysis of contaminated sites is the type
and number of qualty control (QC) samples to take
There are many different kinds of QC samples and each
performs a certain specific function Some are used to
estimate bias and others to estimate precision Some
are useful for determining different sources of sampling
errors, and others for various sources of laboratory or
analytical errors It 1s critical that the correct types of
QC samples be selected to meet DQOs, or else the time
and money spent gathenng data will be wasted by
obtaining data of unknown quality (1 e , the data may be
good, bad, or mediocre, but no one will know the true
quality) Advice should be sought from experts in plan-
ning QC strategies for environmental sampling and
analysis at the beginning of each project Software s
also now readily available to help select the proper types
of QC samples needed and to advise on the specific use
of QC samples to complement sampling and analysis
processes for the production of known quality data (7)

The bottom kine of the importance of QA and QC to
sampling s that if samples are not representative of the
contaminated site being nvestigated, t does not matter
how good the QA/QC of the analysis or of the data
management is—the information will be largely useless

When samples armive at a laboratory, another set
of QC procedures must be observed as part of the

laboratory’s QA protocol Each method may contain
certain specific QC requirements However, complete
documentation of all records associated with laboratory
analyses is aiso an important part of laboratory QC
procedures The records listed In Table 5 are the mini-
mum requirements for documenting laboratory work (6)

After analyses are completed, the third phase,
data handling and reportir.g, begins Data handiing and
data management QA programs focus on production of
data that are accurate, precise, complete, and repre-
sentative (3) The processes involved are summanzed
in Table 6 and are discussed in detail in Chapter 4

Measurement results must be reported with clear
S| units of measurement such as micrograms per
hitre (mg/L) (for water and hquids) or micrograms
per kilogram (mg/kg) (for soils, sediments, and other
solids) instead of parts per miliion, parts per billion, etc
The latter are less defintive than the specific units of
measurement in the examples above and are not
recommended for use

Not all factors that can influence the relabilty and
representativeness of data are measurable Those that
are measurable will usually be found if the data-handling
processes hsted in Table 6 are followed However,
there are many unmeasurable factors (Table 7) that can
severely bias data and that are not necessarily readily
identified even by good data-handiing and data
management procedures (8)

When good QA/QC procedures have been used
in the total monitonng process, the information derved
from Investigation of a contaminated site will be both
reliable and of known quaity Failure to follow good
QA/QC procedures within any of these activities may
serously jeopardize the quality and/or reliabiitty of the
data needed to make critical decisions and may
adversely affect costs for remediation of a contaminated
site

INTERRELATION OF SAMPLING, LABORATORY
ANALYSIS, AND DATA MANAGEMENT

in addition to applying good QA/QC procedures to
sampling, analysis, and data management, careful
thought must be given to planning and carrying out the
work involved within each of these activities Each of
these activities I1s often planned independently, but
sampling, analysis, and data management are all inter-
related, and the objectives of each must be known to all
of the participants involved with the monitoring of a
contaminated site  Wntten protocols for sampling,
analysis, and data handhing must document the way in
which each of the many individual tasks will be



Table 3. Sampling Plan Checkhst

What are your data quality objectives (DQOs)?
* What will you do if your DQOs are not met (1 ¢, resample or revise DQOs)?

Do program objectives need exploratory, monitoring, or both sampling types?

Have arrangements been made to obtain samples from the sites?
» Have alternate plans been prepared 1n case not all sites can be sampled?

Is specialized sampling equipment needed and/or available?
Are samplers expenenced 1n the type of sampling required available?

Have all analytes been listed?
» Has the level of detection (LOD) for each been specified?
» Have methods been specified for each analyte?
* What sample sizes are needed based on method and deswred LOD?

Last specific good laboratory practice and federal, provincial, or method QA/QC protocols required
» Are there percentages or required numbers and types of QC samples”
» Are there specific instrument tuning or other special requirements?

What type of sampling approach will be used?
¢ Random, systematc, judgmental, or combinations of these?
+ Wil the type of sampling meet your DQOs?

What type of data analysis methods will be used”
» Geostatstical, control charts, hypothesis testing, etc ?
+ Will the data analysis methods meet your DQQOs?
» Is the sampling approach compatible with data analysis methods?

How many samples are needed?

» How many sample sites are there?

* How many methods were specified?

» How many test samples are needed for each method?

» How many control site samples are needed?

» What types of QC samples are needed”?
» Will the QC sample types meet your DQOs”

» How many of each type of QC samples are needed?
» Are these QC samples sufficient to meet your DQOs?

* How many exploratory samples are needed?

» How many supplementary samples will be taken?

Number of samples = Test + Control + QC + Exploratory + Supplementary

o Test samples = Methods x Sample sites x Samples per site

» Control samples = Methods x Sample sites x Samples per site
QC samples = Methods x Type of QC sample x % Needed to meet DQOs
Exploratory samples = (Test samples + Control samples) x 5 to 15%
Supplementary samples = (Test samples + Control samples) x 5 to 15%




Table 4. Minimum Requirements for

Documenting Environmental
Sampling

Sampling date

Sampling time

Sample 1dentificaion number

Sampler’s name

Sampling site

Sampling condiions or sample type

Sampling equipment

Preservation used

Tume of preservation

Relevant sample site observattons (auxihary
data)

Table 5. Minimum Requrements for

Documenting Laboratory Work

Method of analysis

Date of analysis

Analyst’s name and laboratory

Calibrauon charts and other measurement
charts (e g, spectral)

Method detection levels (or hmts)

Confidence limuts

Records of calculauons

Actual analytical results

Table 6. Processes Involved in Data Handling

and Management

Data recording and documentatuon
Data transmission, custody, and transfer
Data validanon

Data venfication

Data analysis

Data handling

Data reporung

Table 7. Examples of Nonmeasurable Factors

Biased samphling

Samphing the wrong area

Sampling the wrong matrix

Switching sampies prior to labeling
Mislabeling sample containers

Incorrectly preserving the sample
Incorrectly ahquoting or weighing samples
Incorrectly diduting or concentrating samples
Incorrectly documenting any procedure

Not recogmizing matnix-specific iterferences
Using the wrong method for analysis

performed and serve as a source of information for all
of the participants in these interrelated efforts

POLLUTANT MIGRATION PATHWAYS

Most environmental poliutants at a contaminated
site will not remain stationary If they are in a water, arr,
soll, sludge, solid, or liquid matnx, they are almost
certain to migrate  The physical characteristics of each
matrix, meteorological conditions, the amount and
concentration of pollutant present, the rate of release
into the environment, the source of release, and human
intervention all affect the pathway and rate of migration

The most common transport mechanisms for
environmental poliutants are wind, rain, surface water,
groundwater, and human intervention (e g , wastewater
pipes, drainage ditches, and roads) In addition to
tfransport mechanisms, physical and biological nflu-
ences may also affect mugration of poliutants Physical
nfluences nclude topographical features (e g , valleys,
mountains, slopes, lakes, and nvers) and geological
features (e g, aquifers, soil composttion, and mineral
composition) These physical influences can either aid
or impede poilutant migration Biological influences
usually consist of food pathways Bioaccumulation of
environmental pollutants, from low concentrations in
water, air, and soil to increasingly higher concentrations
through the food pathways of plants and animals, 1s well
documented and must be carefully considered when
sampling bicta at contaminated sites (4)

An important objective of a contaminated site
study will often be to determine how far pollutants have
migrated from their source and to measure their
concentrations at vanous distances from their source
Regardless of the objective of a study, migration Is



always an important issue when obtaining blanks from
nearby control sites  Analytes of interest migrating into
the control site blanks, when the bianks are supposed
1o contain only background amounts of those analytes,
will superimpose low values on test results when high
background levels are subtracted from test sampie
data

IMPORTANCE OF REPORTING
LABORATORY DATA

How results are reported 1s one of the most
controversial areas In environmental analytical
chemistry because it affects how data are received and,
perhaps equally importantly, how data are perceived
and used by the public Analytical chemists should
always emphasize that the single most important
characteristic of any result 1s a statement of ts uncer-
tainty interval (9) Just as imporant 1s the sensitive
issue of the level of data omission or inciusion In
analytical reports Deciding what limits should be used
to report a measurement and how analysts and
users should handle the resulting data i1s discussed In
Chapter 5

Decisions involving the presence or absence of
poliutants are very important when their concentrations
are near method detection levels (MDLs) The first
question 1s whether or not the analyte of interest 1s
present In the sample What has to be understood I1s
that an MDL 1s a calculated concentration level that I1s
indirectly selected The concentration level of an MDL
Is calculated based on the risks of reporting false posi-
tives What constitutes the appropriate level of nsk is
selected by either the analyst or the user of the data
Unfortunately, the criteria used for these nisk selections
are not always understood Furthermore, the value
selected for determining that an analyte is reported
as present may be different from the value selected
for determining that an analyte 1s not reported as
present (10, 11)

it must be emphasized that the MDL and other
related calculations are not intrinsic constraints of the
analytical methodology, but depend upon the precision
attainable by a specrfic laboratory working with a
specific matnx when using that methodology (12)
Thus, MDLs can be very diverse Unfortunately, this
fact 1s generally not considered when evaluating envi-
ronmental analytical data Published values of MDLs in
Volume Il must be considered only as typical Each
iaboratory involved in reporting data should evaluate tts
own precision and estimate s own MDL values for
analytes of interest for each type of matnx it analyzes
A common and acceptable alternative when method-
specified imits are available (for example, with many
methods summarized in Volume Il) 1s to venfy that each

instrument used can meet or exceed these published
hmits  If there 1s any possibility of a link between
sensitivity of a method to operator performance or
proficiency, the instrument and method verification
should be performed by each person who will use 1t

Laboratory reports must contain sufficient data
and information so that users of the conclusions (even
years later) can understand the interpretations without
having to make their own interpretations from raw data
Unless this objective 1s achieved, the samplers and
analysts have not done their jobs properly Laboratory
reports must also make clear which results, if any, have
been corrected for blank and recovery measurements
If a published methodology (such as those in Volume I1)
1s used, it must be cited, and any modifications made
must be fully documented

IMPORTANCE OF PRESENTING INTEGRATED
PROJECT INFORMATION

Sampling personnel are responsibie for fully
describing the precise conditions under which samples
are coliected This includes all deviations from the
sampling protocols for any reason

Analytical chemists are responsible for fully
describing and reporting the analytical data in an appro-
priate manner It may be necessary to employ the help
of a statistician in the data evaluation and interpretion
stages Measurement results should be expressed so
that their meaning I1s not distorted by the reporting
process

Data handiers and managers are responsible for
venfying and validating the data and providing evalu-
ations of their consistency, integnty, and reliability
They rely upon information from both sampling and
laboratory personnel to perform their evaluations An
integrated understanding of the problems presented by
a contaminated site Is possible only after the data have
been evaluated and presented within the context of a
report that Iintegrates caveats documented during
sampling, estimated during analysis, and placed in
overall perspective from data management and review

Report formats will vary, but the content of each
should contatn the following

a summary of the problem being investigated

a summary of the DQOs and whether they were met
or modified



« a description of the sampling effort, complete
with contaminated site maps showing sampling
locations

e adescrption of the analytical approach with methods
referenced and summaries of any analytical
problems

e a summary of the completeness and repre-
sentativeness of the data

» interpretations and conclusions from the integrated
information provided 1n the report

The following chapters treat each of these topics
in greater detall Chapter 2 discusses the sampling
of contaminated sites and provides specific guidance
for sampling contaminated soils, sediments, surface
water (1 e , nivers, streams, and lakes), and ground-
water Special considerations for sampling ice and/or
surface waters under winter conditions are aiso
included

Chapter 3 discusses the general conditions
involved with analysis of environmental samples with a
focus on QA/QC aspects

Chapter 4 provides a synopsis of the methods
selected for recommendation and bnefly discusses
which methods are apphicable to the list of target
analytes 1n Table 1 They are discussed In the eight
major groupings identified in Intenm Canadian Environ-
mental Quality Criteria for Contaminated Sites (2)

Chapter 5 provides a detailed discussion of the
considerations needed for data management This
includes guidance on recording, documenting, venfying,
validating, handling, and transmitting data Key sections
also include discussions on reporting data involving
low-level concentrations of poliutants and data presen-
tation in final reports

The manual concludes with a list of ali references
and a glossary of common terms used In the manual

A summary of each of the recommended
methods 1s provided in Volume Il Each summary
provides critical information that can be used to
decide whetherto select a specific method or not and,
if selected, what will be required in terms of samples,
equipment, and qualty control This volume also
Iists unpublished analytical methods that are used
by various federal, provincial, and commercial
laboratones in Canada



Sampling Contaminated Sites

DEFINING OBJECTIVES

The first step in planning a contaminated site
sampling activity is to define its objectives Objectives
of environmental sampling are broadly divided into
exploratory (surveillance) and monrtoring (assessment)
goals (4) Exploratory sampling is designed to provide
preliminary information about the site or material being
analyzed Monitoring 1s usually intended to provide
information on the vanation of specific analyte
concentrations over a particular period of time or within
a specific geographic area A sampling plan for
monitoring Is usually more effective if t I1s preceded by
exploratory sampling or if there are historical data onthe
analytes of interest at the sampling site

OBTAINING REPRESENTATIVE SAMPLES

Samples representative of a site (or of that portion
of a site being investigated) provide nformation that 1s
often extrapolated to include the whole area under inves-
tigation This Is true whether the entity being sampled ts
a contaminated section of land, a stream, an industnal
outfall, or a drum containing waste material Therefore,
samples that are collected must be representative of
the entty being sampled, but not necessarily repre-
sentative of the entire area of which 1t 1s a part

Bias caused by sampling i1s often difficult to
measure accurately, but it can be detected by using field
blanks fortified with the analytes of interest |t is also
difficult to show that bias from sampling activities I1s
absent because of an inability to measure it rather than
its absence When they do occur, sampling errors are
usually much larger than those associated with
analysis Yet, the focus of errors in most sampling and
analysis projects continues to be on laboratory and
data-handling sources, probably because these are the
easlest to measure and control

SAMPLING APPROACHES

Sampling program designs must consider the
quality of the data needed 1 e , the degree to which total
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error must be controlled to achieve a required level of
confidence The data collection planning process
should provide a logical, objective, and quantitative
balance between the time and resources available for
collecting the data and the data quality based on
intended use of the data One of the most important
aspects of a planning process 1s the joint involvement
of the data users, samplers, and analysts Iniial and
continued involvement, and the perspective of each, are
critical to defining data qualty and quantity require-
ments (4)

The choice of a data analysis method I1s an impor-
tant decision that should also be made in the planning
stage It must facitate and be faciltated by goals,
DQOs, and expenmental design Both analyses and
sampling approaches require prior information to meet
data quality objectives Any random variable method of
data analysis (such as hypothesis testing, estimation
interval, tolerance interval, control charts, etc ) requires
random sampling The number of samples for random
variable methodology must be determined by the
population varniance and the desired size of a "significant
change" in the test parameter (4)

Systematic sampling is preferable for geostatisti-
cal data analysis, but random or even judgmental
sampling may achieve greater accuracy within specific
local areas of contaminated sites Geostatistical data
analysis accounts for the ime and space dependence
of data, and 1t i1s usually used to produce site maps (with
qualification of interpolation errors) showing analyte
locations and concentrations (4)

Two basic sampling decisions that must be
resolved during the planning stage and documented In
the protocol are the types and number of QC samples
fo take (13) The answers depend on the nature of the
errors to be assessed (1 e , systematic and/or randomn)
and the accuracy desired in their assessment  Addi-
tional considerations include the contribution of
sampling error relative to total error, the relative cost of
sampling and analysis, and the sensitivity and
selectivity of the analytical method in relation to the
concentration of the analytes (4)



There are three basic sampling approaches
random, systematic, and judgmental There are also
three primary combinations of each of these stratified-
(judgmental)-random, systematic-random, and
systematic-judgmental (4) There are also further
vanations that can be found among the three pnmary
approaches and the three combinations of them For
example, the systematic grid may be square or tnangular,
samples may be taken at the nodes of the grid, at
the centre of the spaces defined by a gnd, or
randomly within the spaces defined by a gnd Table 8
summarizes the differences among the three basic
approaches

A combination of judgmental, systematic, or
random sampling is often the most feasible approach,
however, the sampling scheme should be sufficiently
flexible to permit adjustments during field activities
Problems such as lack of access to preselected
sampling sites, unanticipated subsurface formations, or
weather conditions at a contaminated site may neces-
sitate major adjustments to sampling plans

DECIDING HOW MANY SAMPLES TO TAKE

There are numerous factors that influence how
many samples need to be taken at a contaminated site
These include the following

o How many distinct areas are there within the site?
- If there are several, are samples desired from
each?
- If there are none, how widely dispersed within the
single area are the sampling spots to be?

« How many different analytical methods are
needed?
- If more than one, will all sampling spots require
all methods?

- Typically, different analytical methods are
needed for various types of organic pollutants
(e g , halogenated or nonhalogenated, volatile or
nonvolatile, metals or general parameters)

- Typically, different analytical methods are also
needed for different sample matnces (e g , surface
or groundwater, solid or liquid wastes, industrial
wastewaters, and air or soll gases)

How many samples are needed for each analytical
method?
- This depends on the DQOs of the project, the size
and complexity of the site, etc

How many control site samples are needed?

- Typically, one or more from each matnx type Is
needed if a differentiation between polluted and
nonpoliuted samples i1s being made

- If all samples contain concentrations of pollutants
that are above specified action levels, then no
control site samples may be needed because the
action results will not change Also, In the case
of heterogeneous solid or liquid waste materials
(e g, from drums), t may not be possible to
obtain control samples

What types of QC samples are needed?

- Is an estimation of bias important?

- I so, does 1t need to be determined if t occurs In
sampling or In the laboratory as opposed to
overall bias?

- Is a measurement of precision needed?

- If so, does precision in sampling or in the labora-
tory (as opposed to overall bias) need to be
determined?

- Is the type of bias important?

- Distinctions can be made between operator/method
sources of bias and low-level contamination

Table 8. Basic Sampling Approaches

Relauve
number Basis of selecung
Approach of samples sampling sites
Judgmental Smallest Largest Prnior hustory, visual
assessment, and/or
technical judgment
Systematic Larger Smaller Consistent gnd or pattern
Random Largest Smaliest Smmple random selecuon




onginating in the laboratory, sampling, or from
either operation if the correct type of QC samples
are selected to differentiate these sources

e Howmany of each type of QC samples are needed?
- The number may depend on those specified in a
particular method and/or the number calculated
from statistical considerations to meet data qualty
objectives

e If exploratory samples are needed first, how many
should be taken from each sampling site area?

e If supplementary samples are needed for possible
analyses at a later ime, how many should be taken
from each sampling stte area?

¢ What are the availlable funds versus estimated
(real) cost of sampling?

The total number of samples needed can be roughly
estimated using the following formula

Total samples = No of test samples + no of control
samples + no of QC samples + no of
exploratory samples + no of supple-
mentary samples

No methods x no of
sample sites x no of
samples per site

where no of test samples =

No of matrices at the
sample sites

no of control samples =

no of QC samples % of test samples or a
statistically calculated

number

no of exploratory and
supplementary samples

% of test samples or a
judgmental number

A more precise estimation of the number of
samples needed 1sto select the sampling frequency that
results inthe desired confidence interval width about the
mean for the specified analyte vanability Unfortu-
nately, this may not often be available at contaminated
sites, but if it 1s, then a statistically dertived number can
be calculated (3)

Thus, there 1s no straightforward, easy answer
to the question "How many samples should
be taken?" Data quality objectives, discussed in
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Chapter 1, are intended to cover an entire study, but
most often emphasis iIs given to the measurement
phase of the investigation Precision, accuracy,
representativeness, completeness, and compara-
bility are terms used in setting DQOs and are usually
addressed In terms of the analytical portion of an
investigation Decision makers must be concemed
with the larger aspects of these terms, however For
example, a decision maker may want to know whether
the reported data are accurate to within 20% of the
true value

Measurement quality objectives are meant to
apply to the analytical phases of a study Terms for
precision, accuracy, representativeness, complete-
ness, and comparability are more applicable when used
with the analytical phase The distinction between
DQOs and MQOs 1s important because QC samples are
taken to determine whether these objectives are being
met

If historical data indicate that inaccuracy or
vanability I1s increased in the preparation and handling
of a sample, and this decreases the accuracy needed
to meet the MQOs, then more frequent sampling s
justified As another example, if the values reported
are near an action level, then bias Is particularly
important In meeting a DQO for accuracy, and the
consequences in knowing whether a pollutant 1s
above or below that action level may be large In this
case, greater attention may need to be devoted to
sample collection and to the use of field duplicates 1o
assess sampling variabiity The number of samples
required will depend on available resources, the
required degree of confidence in the data, and the
objectives of the study

The US EPA in Las Vegas, Nevada, has
availlable a public-domain computer program
named ASSESS (JJ van Ee, 1993, pers com)
This program resembles a computer-based
spreadsheet and computes measurement errors,
provided enough QA/QC samples of the right type
have been taken throughout the study ASSESS
indicates when insufficient samples exist and
certain variabilities cannot be computed The
program can display graphically the degrees of
confidence that exist for the measurement of vari-
ability in the individual portions of a study Certain
portions of a study usually receive more QC data
than others For those portions of a study that are
monitored to a high degree, the vanability may be
low and ignored, or the variability may be high and
may need to be addressed For those portions of a
study that are not monitored to a high degree, the
variability may be low, but more samples may be
required, or the vanability may be high and more
QC samples may be required



DECIDING ON EXPLORATORY AND
SUPPLEMENTARY SAMPLING

Exploratory sampling (screening) 1s often desired
to help delineate the extent of contamination and
variations in contaminant levels within an affected
area This exploratory sampling may involve 10% to
15% of the overall monitoring effort It requires an
additional step of preliminary data analysis before the
remaining samples are collected When conducting
exploratory sampling, it 1s important that both the
sampling and subsequent analyses, or preliminary
work, be performed under the same sampling, ana-
lytical, and QA/QC protocols as those developed for
the main body of test samples, otherwise, the explora-
tory sampling may produce nvalid data and false
conclusions (4)

Frequently, supplementary sampling (resampling)
Is also desirable, 1t 1s used to confirm particularly
critical findings and to clanfy uncertainties that were
discovered during the monitoring program  Supple-
mentary sampling may also involve 10% to 15% of the
monitoring effort

CONTROL SITE SELECTION

Control sites are important for understanding the
significance of monitoring data Sites should be
selected that have common characteristics with the
contaminated areas except for the poliution source
Background samples (or contro! site or matrix
samples) are samples taken near the time and place
of the sample of interest They are used to demon-
strate whether the site 1s contaminated and/or truly
different from the background in the area Some sont
of background sample is always necessary for a valid
scientific companson of samples suspected of
containing environmental contaminants with
samples containing no (below detectable or
measurable levels) or acceptably low levels of con-
taminants Unless background samples are collected
and analyzed under the same conditions as the
environmental test samples, the presence and/or con-
centration levels of the analytes of interest and the
effects of the matnx on their analysis can never be
known or estimated with any acceptable degree of
certainty Therefore, background samples of each
significantly different matrix must always be collected
when different types of matnces are involved (4)

Examples include various types of water,
sediments, and solls in or near a sampling site area
Background air samples would include upwind air
samples and, perhaps, different height samples The
only logical exception to collecting background samples
1s when drums or containers of materials are involved,
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as in a landfill, however, if the chemicals are suspected
of polluting the land, water, or air around them, then
appropriate background samples from those matrices
must be taken for analysis

There are two types of control sites, local and
area, and their differentiation 1s primarily based on the
closeness of the control site to the environmental
sampling site Local control sites are usually adja-
cent or very near the test sample sites In selecting
and working with local control sites, the following

principles apply (4)

« local control sites generally should be upwind or
upstream from the sampling site

e when possible, local control site samples should be
taken first to avoid contamination from the sampling
site

e fravel between local control sites and sampling
areas should be minimized because of potential
contamination caused by humans, equipment,
and/or vehicles

in contrast to a local control site, an area control
site 1s in the same area (e g , a city or country) as the
sampling site, but not adjacent to t  The factors to
be considered in area control site selection are similar
to those for local control sites All possible efforts
should be made to make the sites identical except for
the presence of the analytes of Interest at the site
under investigation In general, local control
sites are preferable to area control sites because
they are physically closer However, when a suitable
local control site cannot be found, an area control site
will still aliow important background samples to be
collected (4)

SAMPLE SIZE CONSIDERATIONS

Because different analytical techniques are used
for the many different analytes of interest at contam-
nated sites, sufficiently large samples must be taken for
multiple analyses Also, because analytical techniques
are not well developed for some of the analytes in
complex matrices, large samples provide laboratories
the opportunity to analyze replicate samples or
reanalyze samples when the data are suspect The
disadvantages of large samples, however, include
additional costs for storage space, matenals, and
disposal

Each analytical method summary selected for
inclusion in Volume |l contains specific sample size
requirements or guidance on collecting an appropniately



sized sample However, a single sample may often be
collected with the intent that 1t will be used for muitiple
analytes of the same type When this is planned, the
sampling protocol must clearly define which analyses
will be performed with each sample, and this must be
checked with the sample preparation requirements of
each method to ensure that they are compatible with
such aplan A sufficient amount of the sample must be
collected so that there will be enough for each analytical
method’s requirement

DECIDING TYPES AND NUMBERS OF
QC SAMPLES

As discussed above, there are many different
types of QC samples from which to select Choices
depend entirely on the data quality objectives of the
contaminated site being investigated Thus, selections
should be made depending on whether bias-free and/or
precision data are required, whether differentiation
between iaboratory or sampling sources of error is
needed, and whether the degree of error to be estimated
1s relatively small (1 e , from typical contamination type
sources) or large (i e , from operator and/or procedural
sources)

Thus, there are many different types of QC
samples to select from, and it 1s important to select only
those that are needed to meet the goals of a specific
program If the wrong QC samples are selected, then
the goals of the entire sampiing and analysis program
may be compromised Most of the analytical method
summaries described in Volume |l have a section
entitled Qualty Control Requirements In this section,
specific types of QC samples are listed for each method
These QC samples, however, are designed prmarily to
measure laboratory sources of bias and precision and,
usually, only bias from contamination-type sources
Thus, additional QC samples will usually be required in
order to meet the data qualty objectives of a specific
contaminated site remediation program

Because of the complexity of selecting among
the many different types of QC samples and the
consequences when incorrect QC samples are
selected, an expert system was developed to provide
advice on this subject The QC Advisor i1s a stmple,
inexpensive program that can be run on IBM-compatible
personal computers or Macintosh computers with
a DOS emulator, 1t 1s published by Lewis Publishers,
Inc (7)

The number of QC samples to take i1s best derived
from statistical calcuiations based on the levels of
confidence estimated to be obtainable from a specific
method used with a specific environmental matnx
(water, soll, etc ) to analyze for analytes at an estimated
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concentration factor above the method detection imit

Unfortunately, these estimates are not readily available,
so default values are usually selected that relate to a
percentage of the environmental test samples
analyzed Specific default value recommendations
may be provided with an analytical method summary as
in Volume Il When this occurs, they are found in the
section Quality Control Requirements A very common
misconception is that f this recommended number (or
percentage) of QC samples i1s analyzed in conjunction
with the environmental samples, then there 1s some
specified level of confidence In the data (e g, a 95%
confidence that the concentration of the analyte is near
the measured value or that less than a 1% false positive
or false negative detection will occur) This Is not true

No specific confidence level in the data can be assigned
when numbers of QC samples are based simply on a
percentage of the environmental samples Therefore,
these are useful only as very general guidelines when
no statistical information i1s available

GRAB VERSUS COMPOSITE SAMPLES

Grab samples are single samples collected at a
specific spot at a site over a very short period of time
(typically seconds) Thus, they represent a “snapshot”
1n both space and time of the pollutants at a contami-
nated site sampling area They are usually less expen-
sive to obtain than composite samples, and several grab
samples may often be taken at the same spot over a
penod of time when information relating to changes in
concentrations of analytes with time 1s desired (e g,
with flowing streams or with air samples)

There are two types of grab samples that are used
for sampling water matnces discrete and depth-inte-
grated A discrete grab sample Is one that 1s taken at a
selected location, depth, and time and then analyzed
for the constituents of interest A depth-integrated
grab sample is collected over a predetermined
part or the entire depth of the water column at a selected
location and time In a given body of water and then
analyzed for the constituents of interest (14)

Composite samples are denved by combining
portions of multiple samples Compositing can be
accomplished simply by collecting and combining
muitiple grab samples or by using specially designed
automatic sampling devices The latter can
be configured to collect and combine a series of grab
samples automatically or to sample the environmental
matrix and combine the samples continuously

Using the same water matrix as an example, there
are two main types of composite samples sequential
or time and flow proportional Sequential or time
composites are made by continuous, constant sample



pumping or mixing equal water volumes collected at
regular time ntervals Flow proportional composites
are obtained by continuous pumping at a rate propor-
tional to the flow, or by mixing equal volumes of water
collected at time Intervals that are inversely proportional
to the volume of flow, or by mixing volumes of water
proportional to the flow collected dunng or at regular
time intervals (14)

Usually composite sampling techniques are
selected in order to provide a more representative
sample of heterogeneous matrices (such as nvers or
air) in which pollutant concentrations may vary over
short pertods of ime  However, compositing 1s not
always an option For example, samples of water that
will be used for analysis of volatile organics must aiways
be collected as grab samples tn order to avoid
negatively biasing the results from loss of the volatile
compounds during the compositing process

Composite sampling 1s often used to reduce the
cost of analyzing a large number of samples Expen-
mental costs are substantially reduced when the
frequency of individual samples containing the analytes
of interest 1s low In such expenments, individual
sample aliquots are combined into composies, and
each composite is analyzed However, composite
samphing also has some limitations that must be
considered (4) These include the foliowing

+ When considering multiple analytes in a composite,
information regarding analyte relationships In
individual samples will be lost If possible, half of
the individual samples should be saved before
compositing

» When the objective of the monitoring program is a
preliminary evaluation or classffication, compositing
may dilute the analyte to a level below the detection
imit, producing a false negative

» |If samphling costs are greater than analytical costs,
analyzing each sample individually may be more
cost effective

+ If composiing reduces the number of samples
collected below the required statistical need of the
DQOs then those objectives will be compromised

ASSESSING SAFETY REQUIREMENTS

Contaminated sites, by their nature and definition,
contain concentrations of chemicals that may be harmful
to humans, including those who collect samples at these
stes Thus, health and safety must always be considered
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in the development of any sampling plan Proper plan-
ning and execution of safety protocols help protect
employees from accidents and needless exposure to
hazardous or potentially hazardous chemicals

Safety plans should include requirements for hard
hats, safety boots, safety glasses, respirators, self-
contained breathing apparatus, gloves, and hazardous
materials suits, If needed In addition, personal
exposure monitoring and/or monitoring ambient arr
concentrations of some chemicals may be necessary to
meet safety regulations

Potential exposure of personnel to hazardous
chemicals that can permeate their chemical protective
clothing (CPC) causes concern whenever neat chemi-
cals (those not in solution) or chemicals in high concen-
trations (e g, from some landfills and wastewater
streams) are to be sampled There are many different
manufacturers and many different models of CPC avail-
able on the market, but each of these has vastly differing
protective capabilities against various chemicals Thus,
one manufacturer’'s mode} may offer over eight hours of
protection from a particular chemical, while another's
model, made from the same polymeric materal, may
degrade within minutes of exposure to that same chemi-
cal Because of the complexity of selecting good CPC
and the large amount of CPC data available, several
data bases have been published that ailow rapid
searches to be conducted using personal computers
ether at the sampling site or at an office/laboratory
facility (15, 16, 17)

DOCUMENTING SAMPLING PROTOCOLS

Sampling protocols are written descriptions of the
detatied procedures to be followed in collecting,
packaging, labeling, preserving, transporting, storing,
and documenting samples The more specific a
sampling protocol 1s, the less chance there will be for
errors or erroneous assumptions Tabie 9 provides a
convenient checklist of considerations that should be
made when preparing sampling protocols (4)

The overall sampling protocol must identify
sampling locations and include all of the equipment and
information needed for sampling the types, number,
and sizes of containers, labels, field logs, types of
sampling devices, numbers and types of blanks, sample
spiits, and spikes, the sample volume, any composite
samples, specific preservation nstructions for each
sample type, chain of custody procedures, transporta-
tion plans, any field preparations (such as fiter or pH
adjustments), any field measurements (such as pH,
dissolved oxygen, etc ), and the report format (18) 1t
should also identify those physical, meteorological, and
hydrological varniabies that should be recorded or



Table 9. Sample Protocols Checkhst

What observations at sampling sites are to be recorded”?

Has information concermng DQOs, analyucal methods, LODs, etc, been cluded”?

Have mstrucuons for modifying protocols 1n case of problems been specified?

Has a Iist of all sampling equipment been prepared?

« Does 1t include all samphing devices?

« Does 1t include all sampling containers”
« Are the contamer compositions consistent with analytes?

« Are the contamer s1zes consistent with the amount of samples needed?
« Does 1t include all preservaton matenals/chemicals?

« Does 1t include matenals for cleaning the equipment”?

« Does 1t include labels, tape, waterproof pens, and packaging maternals?
« Does 1t include chamn of custody forms and sample seals?

« Does 1t include chemcal protecuve clothing or other safety equipment”?

Are there nstructions for cleamng equpment before and after sampling?
« Are mstructions for equipment cahbration and/or use mncluded?
« Are mstructions for cleaming or handling sample contamers mcluded?

Have mstructions for each type of sample collection been prepared”?
= Are numbers of samples and sample sizes destgnated for each type”?
« Are any special sampling times or conditions needed?
« Are numbers, types, and sizes of all QC samples included?
- Are numbers, types, and sizes of exploratory and supplementary samples mncluded”?
« Are mstructions for compositing samples needed?
« Are mstructions for field preparations or measurements included”

Have mstrucuons for completing sample labels been included?

Have mstructions for preserving each type of sample been included?
« Do they include maximum holding times of samples?

Have mstructions for packaging, transporting, and stonng been included?

Have mstrucuons for chain of custody procedures been included?

Have safety plans been mncluded?

measured at the time of sampling (19) In addition,
information concerning the analytical methods to be
used, minimum sample volumes, desired minimum
levels of quantitation, and analytical bias and preci-
sion limits may help sampling personnel make better
decisions when unforeseen circumstances require
changes to the sampling protocol
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Selecting analytical methods i1s an integral part of
the sample planning process and can strongly influence
the sampling protocol For example, the sensitivity of
an analytical method directly influences the volume of
sample required to measure analytes at specified mini-
mum detection (or quantitation) levels The analytical
method may also affect the selection of storage



containers and preservation techniques (20) In docu-
menting sampling protocols there are at least three
different types of QA documents to consider, each one
covering different aspects of sampling and analysis
procedures These are a QA program plan, a QA
project plan, and a program implementation plan Often
a fourth document, a field sampling QA/QC manual, 1s
also necessary, but, organizationally, this is considered
to be a part of the overall QA project plan (21)

The QA program plan 1s a document that commits
management to a specific QA policy and sets forth the
requirements for data needed to support program
objectives The QA program plan describes the overall
policies, organization, objectives, and functional
responsibilities for achieving data qualty goals The
five major functions of a QA program plan are as
follows (21)

o astatement of the purpose and importance of a QA
plan

« adescription of the procedures that will be used to
carry out the QA program

e adescription of the resources committed to perform
the QA work

¢ anidentification of projects that require QA project
plans

e a description of how QA implementation will be
evaluated

The second document, a QA project plan, I1s a
technical document that details specific QA and QC
requirements for a project The QA project plan also
specifies any QA/QC activities required to achieve the
data quality goals of a project and describes how all data
are assessed for precision, accuracy, repre-
sentativeness, completeness, comparability, and
compatibiity The QA project plan further requires that
all data generated be thoroughly documented and
address the following ttems in sufficient detail to permit
unambiguous evaluation of project results (21)

e project descnption
« project organization and designated responsibilities

» QA objectives for the expenmental data in terms of
precision, accuracy, completeness, ruggedness,
and comparability

« sampling procedures and sample handiing
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« sample custody, transportation, preservation, and
storage

o calibration procedures and frequency

o expenmental design and analytical procedures

« reference standards and quality control standards
« documentation needed

e« data reduction, vahdation, verification, and
reporting

« internal qualtty control checks and frequency
« preventive maintenance procedures and schedules

o specific routine procedures to be used to assess
data quality

e corrective actions
» quality assurance reports to management

To satisfy the requirements for qualty data, a QA
project plan must descnbe the following activities 21)

« sampling network design
e selection of specific sampling sites

« sampling, analytical methodology, calbration, and
standard operating procedures (SOPs)

» sampling devices, storage containers, and pre-
servatives

« special operating conditions (e g , heat, hght, reac-
tivity, etc)

« reference, equivalent, or alternate test procedures
o instrument selection and use

« preventive and remedial maintenance

« replicate sampling

o replicate analyses

« blank and spiked samples

e Intra- and inter-laboratory QC procedures



+ documentation needed
s sample custody

A field sampling QA/QC manual is also a com-
ponent of a QA project plan and must provide guidance
on policy and procedures This manual contributes to
the qualtty of the data generated by the following (21)

o providing unified information for all participating
agencies

e detailing procedures to be used in the field

e providing information on project descriptions,
project organization, and designated responsibilily

e considering siting critena for the sampling plan

e indicating the QA objectives for precision, repre-
sentativeness, completeness, and comparability

¢ providing mformation for calibrating and maintaining
equipment

o providing information on health and safety practices
in sampiing and field testing operations

¢ providing accepted procedures designed to control
and define errors associated with fiekd measurements

» defining statistical techniques for assessing the
expenmental data

o ensurning that the collected data have met the
measurement program objectives

The third document is a program implementation
plan It documents mechanisms that must be put in
place to ensure maximum coordination and integration
of QA efforts within the overall program (covering
sampling, laboratory analysis, and data handling)
Resource levels, schedules, turnaround times, respon-
sibiltty centres, performance indicators, milestones, nsk
factors, implications, emerging issues, etc , are subjects
discussed In program implementation plans (21)

SAMPLING CONTAMINATED SOILS
Problems Unique to Sampling Soils

In addition to variability of types of pollutants (ana-
Iytes) and their concentration variations throughout the
site, soil samples tend to exhibit a geological vanability
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Geological variabilty 1s unique to solls and, to a lesser
degree, sediments, and it imposes some special con-
siderations that sampling other matrices does not have
to address Another charactenstic that Is unique to
sampling solls and, to a lesser degree, sediments, is the
slowness of migration of pollutants from one location to
another Thus, a soil site can be sampled and then
resampled an hour (or longer) later with no significant
change in the pollutants or their concentrations having
occurred, this 1s not generally true of water or air
matnces

Solls are characterized by several types of
variation, they are not a homogeneous mass, but a
rather heterogeneous body of material Because of this
heterogenerty, systems have been set up that attempt
to delineate soil classification units that approach homo-
generty within themselves, but which, at the same time,
are distinctly different from all other unts Differences
among these units may be large or small depending,
among other things, on the differential effect of the
factors that formed the soills  The vanation in properties
among solls formed from the same parent materal
under similar conditions, on the other hand, may be
rather small even though the solls may be classified as
different soills Because of the nature of soil-forming
processes, distinct boundanes between soil classifica-
tion units are rare

Supenmposed on this pattern of slowly changing
charactenstics, however, may be marked local
vanations These local varniations may result from
natural causes, such as sharp vegetative or topographic
vanations, or from human-made vanations A similar
patiern of variation is found in the subsoil (22)

Soll properties vary not only from one location to
another, but also among the honzons of a given profile
The horizon boundaries may be more distinct than are
the surface boundanes of a soll classification unit
Here, also, zones of transition are found between adja-
cent horizons Furthermore, considerable local
vaniation may occur within a particular horizon (22)

These characteristics should be kept in mind when
sampling solls The soil population to be sampled
should be subdivided, both honzontally and vertically,
into sampling strata that are as homogeneous
as possible, and the several sources of variation
within the population should be sampled if valid infer-
ences are to be made about the population from the
sample (22)

Another characteristic unique to soll sampling
(and biological sampling) 1s subsampling In many
types of soil investigations, the use of subsampling, or
multistage sampling, I1s advantageous With this tech-
nique, the sampling unit, selected by one of the



previously described methods, 1s divided into a number
of small elements The charactenstic under considera-
tion 1s then measured on a sample of these elements
drawn at random from the unit For example, a sample
of cores may be taken from a field plot and a number
of small samples taken from each core for chemical
analysis (22)

The primary advantage of subsampling Is that it
permits the estimation of some charactenstic of the
larger sampling unit without the necessity of measunng
the entire untt Hence, by using subsampling, the cost
of the investigation might be considerably reduced At
the same time, however, subsampling will usually
decrease the precision with which the charactenstic i1s
estimated At each stage of sampling, an additional
component of vanation, the vanation among smaller
elements within the larger units, I1s added to the
sampling error Thus, the efficient use of subsampling
depends on striking a balance between cost and
precision (22)

Reviewing Existing Site Information

Every effort should be made to first review relevant
information conceming a contaminated ste A historical
data review examines past and present site operations
and disposal practices, providing an overview of known
and potential site contamination and other site hazards
Sources of information include federal, provincial, and
local officials and files (e g , site inspection reports and
wJal actions), current and former facility employees,
potentially responsible parties, local residents, and
facility records or files  For any sampling efforts, obtain
information regarding sample locations (on
maps, ff possible), matrices, and relevant contaminant
concentrations

When possible, collect information that will
describe any specific chemical processes used on site,
as well as descriptions of raw materials used, products
and wastes, and waste storage and disposal practices
Whenever possible, obtain site maps, facility blueprints,
and historical aenal photographs, detailing past and
present storage, process, and waste disposal locations

Site Reconnaissance

A site reconnaissance, conducted either prior to or
in conjunction with sampling, 1s invaluable to assess site
conditions, to evaluate areas of potential contamination,
to evaluate potential hazards associated with sampling,
and to develop a sampling plan The reconnaissance
should fill data gaps left from the historical review
During the site reconnaissance,

o Interview local residents and present or past
employees about site-related activities

e obtain information from facility files or records
(where records are made accessible by owner/
operator) and/or from land registry files, If
possible

¢ perform a site entry, utihizing appropriate personal
protective equipment and instrumentation, observe
and photo-document the site, note site access
routes, note and map process and/or waste disposal
areas such as landfills, lagoons, quarries, and
effluent pipes and potential transport routes such as
ponds, streams, irngation ditches, etc, note
topographic features, dead or stressed vegetation,
potential safety hazards, and visible label informa-
tion from drums, tanks, or other containers found on
the snte

The historical review and site visit are the initial
steps In defining the source areas of contamination that
could pose a threat to human health and the environ-
ment However, poliutant migration pathways and the
routes by which persons or the environment may be
exposed to the chemical wastes at a site are also part
of a site reconnaissance

Migration pathways are routes by which contarmi-
nants have moved or may be moved away from a
contamination source Pollutant migration pathways
may include pathways such as surface drainage,
vadose zone transport, and wind dispersion Human
activity (such as foot or vehicle traffic) also transports
contaminants away from a source area These five
transport mechantsms are described below

e Human-made pathways A site located 1n an
urban and/or rural setting will have a number of
human-made pathways that atfect contaminant
migration These include storm and santary sewers,
drainage culverts, sump and sedimentation
basins, french drain systems, and underground
utility lines

« Surface drainage Contaminants can be
adsorbed onto fine sediments, dissolved in
surface water runoff, or mobilized via leachate
and be rapidly carried by surface runoff into
drainage ditches, streams, nvers, ponds, lakes,
and wetlands Consider prior surface drainage
routes when formulating a soil sampling design
Leaching of dissolved constituents into ground-
water Is also possible



e Vadose zone transport Vadose zone transport is
the vertical or honzontal movement of water and
contaminants within the unsaturated zone of the soll
profile Contaminants from a surface source or a
leaking underground storage tank can percolate
through the vadose zone and be adsorbed onto
subsurface soil or reach groundwater

e Winddispersion Contaminants adsorbed onto soll
may migrate from a waste site as airborne particu-
lates Depending on the particle-size distnbution
and associated settling rates, these particulates
may be deposited downwind or remain suspended,
resulting 1n contamination of surface soils and/or
exposure of nearby populations Wind can also
disperse contaminants that exist in air through
volatilization

e Humanactivily Foot and vehicular traffic of facility
workers and sampling personnel can also move
contaminants away from a source, although
these are usually a minor source of the overall
migration

Incomporating contaminant mugration routes and
transport mechanisms when designing a representative
sampling scheme is often an important consideration in
producing good sampling plans Field analytical
screening techniques can provide direct reading capa-
bilities (e g, a photoionization detector [PID] or a
portable X-ray fluorescence [XRF] unit) that may be
utiized to narrow the possible groups or classes of
chemicals to support the selection of analytical
parameters Field screening can evaluate a large
number of samples cost effectively for the purpose of
selecting a subset for off-site laboratory analysis When
used appropriately, field screening 1s effective and
economical for gathering large amounts of site data
Field screening techniques and confirmatory sampling
can be used together to identify or delineate an area
requiring evaluation (e g, extent of contamination)
Once this area has been identified using screening
techniques, an appropriate confirmatory sampling
strategy can substantiate and further define the
screening results The use of field analytical screening
data to select and implement confirmatory sampling can
provide data that are more representative of problems
at a contaminated site than just off-site laboratory
analysis alone Screening strategies in conjunction with
confirmation sampling strategies can be used to identify
and delineate contamination and to confirm cleanup at
a site In order to mimimize the potential for false
negatives (not detecting on-site contamination), field
anaiytical screening methods should be selected that
provide detection imits below applicable action levels
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Representative Sampling of Soll

Representative soll sampling assures that a
sample or group of samples accurately reflect the
concentration of the parameter of concern at a given
time Analytical results from representative samples
also illustrate the vanation in pollutant presence and
concentration across a contaminated site However,
because soils are extremely complex and varnable, this
often requires many different sampling methods The
sampling personnel must select methods that best
accommodate specific sampling needs and satisfy the
stated sampling objectives In addition, the sample
collector 1s responsible for providing the appropriate
samples for laboratory analysis A soil sample must
provide an adequate size sample to meet analytical
requirements and supply samples representative of the
popuiation to be evaluated (23)

Deposttion of airborne contaminants, especially
those recently deposited, Is often evident in the surface
layer of solls  Contaminants that have been deposited
by liquid spills or by long-term deposition of water-
soluble matenals, however, may be found at depths up
to several metres Plumes emanating from hazardous
waste dumps or leaking storage tanks may be found at
considerable depths (23)

Because sample heterogeneity often causes
problems in soil and other environmental matrices,
representativeness uncertainties frequently far exceed
the inherent collection and analysis uncertainties It is
often impossible to quantify the analyte concentration
uncertainties assoclated with sample selection In
these Instances, qualtative descriptions of the uncer-
tainties due to sampling limitations should be clearly
described and the associated assumptions fully
documented (4)

Sometimes samples are deliberately collected
unrepresentatively Initial studies at a contaminated
ste may focus on the most obviously contaminated
areas Although such samples will not represent the
average conditions, they may establish the worst-case
concentrations of the analytes of interest Eveninthese
situations, it 1s important to obtain background samples
of the soll matrix from erther local or area control sites

Vanabihty anses from the heterogenerty of soils,
the size and distribution of the sampling populations, and
the bias of the sampling and analysis methods Because
soll samples are heterogeneous, it Isbestto selectaslarge
a test sample as practical for preparation  An extract or
digested solution will be more homogeneous and
provide more reproducible ahquots than a smaller
portion of the sample



Composite samples may help overcome the lack
of homogeneity over time or In the distnibution of
chemical species At the same time, compositing may
dilute peak values of concern Therefore, If peak
concentrations of analytes are important, compostting
should be supplemented with grab samples taken at
sites and times where higher values are suspected (4)

Selecting Sampling Locations

Once a sampling approach has been selected, the
next step Is to select sampling locations For statistical
(nonjudgmental) sampling, selection of the exact
location of each sampiing point 1s crucial to achieve
representativeness For example, factors such as the
difficulty in collecting a sample at a given point, the
presence of vegetation, or discoloration of the soil could
influence (bias) a statistical sampling plan

Sampling points may be located using a variety of
methods A relatively simple method that may be used
for locating random points consists of using either a
compass and a measuring tape or pacing off distances
1o locate sampling points with respect to a relatively
permanent landmark such as a survey marker Then,
aenal coordinates of the sampling points are plotted on
a map and the actual sampling points marked for future
reference  Where the sampiing design demands a
greater degree of precision, each sampling point should
be located by means of a survey After field sample
collection, each sampling point should be marked so
that all the locations can be found again, if needed

Selecting Sampling Equipment

Methods selected for sampling soils may differ in
detall, but they all make use of one of the following three
basic sampling tools scooping, coring, or augenng
devices

Two major considerations must be addressed
when selecting a specific sampling tool soil conditions
and the contaminants that are to be analyzed from the
collected material  Soil conditions can be extremely
vanable from location to location For example, solls
can be wet or dry, stony, cohesive (e g, clay), or
cohesionless (e g, sand) Similarly, contaminants are
extremely diverse, varying between metals, which In
most cases are relatively immobile, to highly mobile
water-soluble substances, to contaminants that are
volatile (23)

improper use and selection of sampling tools may
result in data that are not representative of the soil
environment being sampled Measurement errors can
result from a tool being either inappropnate for a
particular task or improperly used Results based on
previous experience or from an equivalency test may be

20

used to evaluate and select the proper tool for a specific
sampling objective (23) Table 10 provides a hst of
commonly used sampling tools for collecting soil
samples

Soil sampling devices should be chosen after
considering the depth of the sample to be taken, the soil
charactenstics, and the nature of the analyte of interest
(e g , organic or Inorganic, volatile or nonvolatile) Surface
sampling may be chosen for recent spills or contami-
nation and low migration rates of analytes If the
analytes of interest are volatile or have been in contact
with the soil for a long penod of time, sampling at greater
depths may be necessary Soil charactenstics will
determine the migration patterns of the analytes of
interest and also the charactenstics of the usable
sampling devices The nature of the analyte being
sampled, e g, whether it is volatile or soluble, will
influence the sampling depth, the sampling device, and
sometimes the matenals from which the sampling
device must be constructed (4)

When sampling soll at s surface or at shallow
depths (less than about 15-30 cm), scoops or shovels
may be used, however, they do not obtain very similar
samples These tools are also not suitable for sampling
soil contaminated with volatile materials, since they may
volatiize during sampling and make the samples
unrepresentative As with all sampling devices, careful
attention to construction materals is necessary
Generally, scoops and trowels should be made of
stainless steel for soils contaminated with organics and
of tugh denstty polyethylene for soils contaminated with
inorganic species (4)

Sampling devices must be decontaminated
between successive samples to avoid cross-
contamination (The decontamination produces QC
samples called equipment blanks ) Sometimes, when
using scoops or trowels, it may be easier to use
separate devices for each sample and then have them
decontaminated In a laboratory or other facility
equipped for that purpose A soil punch or other
thin-walled steel tube device Is more suited for obtaining
reproducible samples at the soil surface or shallow
depths These devices are pushed Into the soil to a
desired depth and retain a sample The sample may be
removed for compositing or transferred to other sample
containers Some thin-walled tube samplers are
designed as a combination sampling and shipping
device, since the ends of the sampler can be sealed
for shipment after the outside of the device is
decontaminated (4)

Sampling at depths greater than 30 cm requires
different techniques and devices Trenching can obtain
analyte profiles, however, it usually costs more than
other techniques Trenches should be excavated



Lable 10. Soil Sampling Equipment

Application to

Equipment sampling design

Advantages and disadvantages

Trer Soft surface soil

Scoop or trowel Soft surface soil

Tulip bulb
planter

Soft so1l, 0-15 cm

Soil coning Soft soil, 0-60 cm

device

Split spoon Soil, 0 cm-bedrock

sampler

Shelby tube Soft so1l, 0 cm~-bedrock

sampler

Hand-operated Soil, 15 em-5 m

power auger

Inexpensive, easy to use and decontaminate,
difficult to use 1n stony, dry, or sandy soil

Inexpensive, easy to use and decontaminate, trowels
with painted surfaces should be avoided

Easy to use and decontamnate, umform diameter
and sample volume, preserves soil core (suitable for
VOA and undisturbed sample collection), limited
depth capabihity, not useful for hard soils

Relauvely easy to use, preserves soil core (suitable
for VOA and undisturbed sample collection),
hmited depth capability, can be difficult 10
decontaminate

Excellent depth range, preserves soil core (suitable
for VOA and undisturbed sample collecuon),
acetate sleeve may be used to help mamntain
miegnty of VOA samples, useful for hard soils,
often used 1n conjuncuon with dnll ng for obtamning
deep cores

Excellent depth range, preserves soil core (suitable
for VOA and undisturbed sample collecuon), tube
may be used to ship sample to lab undisturbed, may
be used 1n conjunction with dnll ng for obtaming
deep cores and for permeability tesung, not durable
in rocky sotls

Good depth range, generally used 1 conjunction
with bucket auger for sample collecuon, destroys
so1l core (unsuitable for VOA and undisturbed
sample collection), requires two or more equipment
operators, can be difficult to decontaminate,
requires gasoline-powered engmne (potental for
Cross-contarmination)

approximately 30 cm deeper than the desired sampling
depth A soil punch or trowel can then be used to dig
laterally into the exposed soil to obtain the samples (4)

Augers, both powered and nonpowered, are also
useful In obtaining solid samples from depths greater
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than about 30 cm  Augers come n different sizes, and
samples may be obtained directly from the auger
cuttings This technique, however, can introduce cross-
contamination between soll layers, contamination from
dnlimg matenal, honreproducibility in sample size, and
loss of volatile components A more desirable



technique Is 1o reach the desired sampling depth with
an auger and then obtain the sample with a soil probe
or split barrel sampler Soil cuttings should be carefully
removed after dnlling to avoid cross-contamination
between soll layers (4)

Soil probes and split barrel samplers work in a
similar fashion The device 1s dniven into the soll to
the desired depth and retains the samples as 1t i1s
withdrawn A soil sample obtained in this manner
may then be transferred to a separate container for
shipment to the laboratory Stainless steel or
Teflon® liners are available for split barrel sam-
plers to minimize adsorption of or reaction with
analytes Some of these dewvices are designed to be
sealed for shipment to the laboratory after the
exterior 1s decontaminated (4)

Sample Preservation and Storage

In general, sample containers should be tightly
sealed as soon as the samples are taken, headspace
should be minimized, and the samples refrigerated as
soon as possible The refnigeration should be main-
tained at about 4°C until analysis, and the samples
analyzed as soon as possible (18)

If extraction or acid digestion is required, these
procedures should be carried out as soon as possible,
then the extracts or digested solutions can be held for
the prescribed holding times Either entire core
samples or large portions of them should be shipped
to a laboratory wrapped In solvent-washed and
dried aluminum foil or sealed in glass bottles Half-
Iitre, wide-mouth bottles are useful for core samples,
the samples can be cut so that they nearly fill the
bottles (18)

The most frequent changes in soll, sedi-
ment, and water samples are loss of volatiles,
biodegradation, oxidation, and reduction Low
temperatures reduce biodegradation and, some-
times, volatile loss, but freezing water-containing soil
samples can cause degassing, fracture the sample,
or cause a slightly immiscible phase to separate
Anaerobic samples must not be exposed to air
(18) Air drying, however, 1s generally appropriate
for metals and other nonvolatile analytes Vola-
tile organics would be lost or reduced in concen-
tration If they were present in soils subjected to arr

drying

More detailed information on sampling contami-
nated sohids and water can be found in the National
Contaminated Sttes Remediation Program'’s Handbook
on Subsurface Assessment (31)
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SAMPLING CONTAMINATED SEDIMENTS

Problems Unique to Sampling Sediments

Sediments range from sand to clay particles that
are under water They may lie under a flowing stream
or deep on the ocean floor In the context of contami-
nated land stes, they will be at the bottom of ponds,
lakes, and streams Umique sampling problems anse
because of the difficuity of sampling generally unseen
areas under water Additional sampling problems occur
when wintertime sampling requires that holes be cut in
ice 1n order 1o set up and use sediment sampling
equipment

Access to the sampling area plays an important
role in sampling strategy and logistics and in the
selection of sampling equipment There are basically
two options for the collection of bottom sediment
samples sampling from a platform and sampling by a
diver Sampling platforms may be a ship, ice, a plane,
a helicopter, etc  Collection by a diver, though usually
more costly and difficult than sampling from a platform,
often yields better quality samples, particularly
sediment cores In areas with a sufficient ice cover over
the sampled water body, sediment samples can be
obtained by drling a hole in the ice and sampling
through this hole The advantage of this technique is a
steady platform and a large space at the sampling
station for assembling the equipment and processing
the samples In areas with no road access, sediments
may be collected from a small float plane or from a
helicopter Availability of a plane or helicopter and cost
are factors to be considered (24)

Reviewing Existing Site Information

Depending on the nature of the project and the site
to be investigated, there may be a considerable body of
historical information and data relevant to the project
objectives The gathering of historical data with a
comprehensive review of literature, reports, and all
avallable previously published data generated by
surveys and studies, including the charactenzation of
the sediments, should be compieted before the
preparation of a project plan (24) Historical data can
be obtained from a vanety of sources Data specific to
the area of a contaminated site may include that derived
from the following

» geological investigations
s previous sediment analyses

« benthic Investigations in conjunction with ecological
studies



environmental impact studies

analyses of the overlaying water

the types of industry and business that used the site

watershed activities

Data from regional reconnaissance surveys can
sometimes provide information on a broad scale, such
as concentrations predicted from the known geology
and mineralogy of the area, geochemustry of sediments,
general background concentrations, or concentrations
of different chemicals n soil which, through weathenng
or erosion within a watershed, would contribute matenal
to sediments Matenal may enter from a watershed in
ether dissolved form or associated with eroded soil
materials and may include, for example, pesticides or
fertilizers from agrncultural practices, mining wastes or
excavated matenals, or industnial/mining processing
by-products/effluents (24)

An mmportant factor to consider Is that even
very old or incomplete data can be used to provide
a first estimate of the concentration of a parameter
or the hkelihood of sedimentary processes, or
provide sufficient information to warrant additional
sampling at the area In some cases, even simple
commentary from local citizens about a site for
which there Is little documentation can prove to be
valuable (24)

Particular pieces of information that are relevant
to project planning for sediments include the following
(24)

e general information on the watershed, including
quantity and quality of runoff, chmatic conditions,
general or specific land use, types of industnes,
effluent, and urban runoff

¢ distribution, thickness, and types of sediments,
particularly fine-grained sediments (this will assist
In assessing the physical extent of sediment
accumulation, zones of deposition and erosion, and
sediment transport)

e quantty, particle size, geochemistry, and mineralogy
of suspended sediments discharged by tnbutarnes or
stormwater runoffs, or onginating from shoreline
erosion (knowledge of the nature and quantity of
dissolved and particulate matenals entering the
area 1s necessary for the calculation of contaminant
and nutrient loading)

« honzontal and vertical profiles of physical (e g,
porosity, geotechnical properties, water content,
bulk denstty, grain size) and chemical (e g , organic
matter content, concentrations of nutnents, metals,
and organic contaminants) characternistics of
bottom sediments

e biological community structure, composttion, and
diversity, broaccumulation of contaminants, or
bioassay results

The data and information collected from the above
activities must be carefully reviewed for the following

¢ relevancy (to the overall objective of the project)

¢ completeness (taking into account that parameters
or processes of interest may not have been
measured In previous studies, and the objective for
previous study was different)

« quality of data (based on reported limits of detection
and precision compared to precision now required)
(24)

Site Reconnaissance

An important aspect that is often overlooked with
collection of sediment samples Is a site inspection The
visit to the project site permits an assessment of the
completeness of the collected information and identifies
any significant changes at the project site (24)

From the review of collected data, the gaps in the
information should be identified and the sampling
program designed to fill these gaps to achieve the
overall objective of a project The project plan should
describe in detail which objectives will be selected and
how these objectives will be achieved within a given
time frame and budget for a project The selection of
the number and location of sediment sampling stations,
and the descniption of methods for sediment sampling,
handling, and analyses are a key part of the project plan
Sampling locations affect the quality and usefulness of
data In environmental studies (24) Selection of the
sampling locations should be based mainly on
the project objective and on the basis of the site
reconnaissance

Sampling hazards should aiso be dentified and
documented during the site reconnaissance These
may range from dangers caused by rapidly flowing
waters, underwater physical and geological hazardous
features, the identification of thin spots in ice covenng
a sampling site, elc



Representative Sampling Approaches

In addition to the physical handicaps of collecting
representative sediment samples, the sampling proce-
dures and devices must also be considered because
they can directly affect the representativeness of the
collected samples

To coliect valid suspended sediment samples,
samplers and sampling procedures must be designed
to represent accurately the water/sediment system
being studied The procedures and apparatus
employed for sediment sampling depend on the type of
sediment being sampled The methodology and the
equipment used for sampling suspended sediments are
different from those required for sediment deposits (25)

Suspended sediment samples are collected to
determine the quantity as well as the physical and
chemical characteristics of those sediments In suspen-
sion Onthe other hand, bottom sediments are sampled
to provide the physical and chemical charactenstics of
those particles that make up the bed of the system being
studied at specific locations (25)

It 1s very complex to measure sampling accuracy
of sediments, which are, iIn most cases heterogeneous
The following two techniques can be used for qualty
control In sediment sampling The first technique
consists of the collection of more than one sediment
sample at selected sampling sites using identical
sampling equipment (e g , multicorers) as well as using
identical field subsampling procedures, handling and
storage practices, and methods for sediment analyses
The results will show vaniations that are due to sampling
and subsampling techniques, but the heterogenetty of
the sediment at the sampling site wili still affect the test
The sediment sampler must be selected to suit the
sediment texture at the test sampling site (24)

In the second quality control technique, the
collected sample is divided into a few subsamples and
each subsample I1s treated as an individual sampie The
results of geochemical analyses of all subsamples will
indicate the vanability due to the sampling and analytical
techniques and sediment heterogenenty within a single
collected sample (24)

A few control sites should be included In a
sampling program for investigation of sediment contami-
nation They should be selected, after historical data
review, at areas where the sediment will most hikely not
be contaminated Data obtained at the control sites are
important as background values when plotting distn-
bution and concentration gradients of contaminants
Contamination of the sediment samples wili also affect
the representativeness of the samples and bias the
analytical data either positively or negatively both with
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respect to detection of poliutants as well as with their
concentrations in the sediment samples (24)

Sediment samples can be contammnated with
pieces of metal paint or surface corrosion products from
samplers or equipment used for the operation of the
samplers Most samplers are metallic, some may be
electroplated or painted to prevent corrosion, particu-
larly when sampling in salt water Samplers with metal
parts painted with cadmium or lead paints are not
suttable for collecting sediments for determining metal
concentrations Similarly, use of oil and grease on the
samplers or sampler-hfting equipment should be
avoided Sediment samples for the quanttative deter-
mination of metals or organic contaminants should
always be obtained from the centre of the sampler
Plastic liners and core barrels used with gravity corers
may be a source of contamination with various organic
compounds No data are available, however, concerning
contamination of sediment samples collected with
plastic liners and core barrels manufactured from differ-
ent plastic materials (24)

Selecting Sampling Locations

Funds spent on sample analyses by the most
sophisticated techniques are wasted on samples
collected at nappropnate locations or where an
insufficient number of samples are taken to represent
the project area Consequently, the selection of the
number and posttion of sampling stations needs to be
carefully designed There 1s no one formula for
designing a sediment sampling pattern that would be
applicable to all sediment sampling programs (24)

When defining the positions and number of
sediment sampling stations, the following factors should
be considered

purpose of sampling

e study objectives

« historical data and other available information
» bottom dynamics at the sampling area

¢ size of the sampling area

e availlable funds versus estimated (real) cost of the
project

Generally, the reasons for bottom sediment sampling
can be divided into the following categories (24)

¢ geochemical survey



e environmental assessment of contaminants in
sediments

e evaluation of sediment for a dredging/disposal
permit

e research of sedimentary processes

Although the strategy and goal of sediment
sampling 1n each category are different, the sampling
techniques are similar, and the method for selection of
space and number of sampling stations for one purpose
may be applicable to the others The selection and
number of sampling stations depend on the project
objective, and must be modified for the special sampling
sttuations of each project (24)

Careful definition of the project objectives is highly
critical to the successful completion of the sediment
sampling program Generally, samples will be collected
from the study area to investigate the distribution of
parameters of interest at a project ste  The objectives
of a research scientist studying sedimentary processes
at an estuary are naturally different from the objectives
of a project proponent applying for an open-water
disposal permit for sediments to be dredged from a
channel within the same estuary Although both
workers will collect samples to characterize the
sediments, their sampling strategy will often be distinctly
different (24)

In general, the posttion of sampling stations should
allow for a rehiable, rapid repetition of sampling In the
future without difficulty It 1s imperative that each
sampling station be properly referenced to a survey gnd
on a map and properly labeled

Scientists Involved In the selection of sediment
sampling stations should have at least a basic
knowledge of bottom dynamics at the project area
Ideally, sediment particle size distnbution should be
mapped prior to the selection of sediment sampling
stes The distribution of sediment on a lake, nver, or
ocean floor 1s affected by energy-controlled processes
Sand, gravel, and boulders are the sediment units on
the bottom of a fast-flowing nver Fine-grained
sediments (1 e, sitt and clay) may accumulate in areas
of low-energy zones, such as bays or the inner side of
the main channel of a meandenng nver Sediment
deposits In large lakes, atthough strongly influenced by
the charactenstics of source material, reflect the
changes of various energy-controlled processes, such
as wave action, current circulation, etc

A survey of sediment deposits and geochemistry
in a lake or pond may be useful for evaluation of
contaminated stes In such a case, sediment mapping
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should be carried out as a part of the project, and
sampling stations should be selected to provide
sufficient information for sediment mapping The
selection of sampling sites dealing with the evaluation
of sediment contamination requires a knowledge of
sediment distribution to locate the stations of fine-
grained sediment accumulation

Maps of the sediments on sea, lake, and nver
floors should be prepared with special attention to areas
of erosion, transportation, and accumulation  One of
the basic tasks of planners is the proper selection of
locations considered suitable for sample collection
The goal is to maximize the probability of detecting the
areas with the greatest concentrations of poliutants, or
conversely, to mimimize the cost of collecting improper
samples or the loss of collecting no samples (24)

The number and spacing of sediment sampling
stations also depend on the physical size of the project
area and how large an area each sample has to
represent In addition, the denstity of sampling stations
required for the charactenzation of sediments 1s deter-
mined by the variability or gradients in the processes
that control the distribution of the investigated sediment
parameter or property When the distrnibution of
sediment parameters s relatively homogeneous,
stations can be widely spaced If the distribution of the
parameters Is heterogeneous, a more dense sampling
gnd will be required In projects dealing with environ-
mental poliution of relatively small areas, such as
contaminated sites, sediment sampling stations usually
need to be located much closer, in particular at areas
with heterogeneous distribution of different sediment
units and many contaminant sources (24)

In instances in which sediment transport data are
required, sampling sttes should be located near a water
quantty gauging station, when possible, so that accu-
rate stream discharge information is available at all
times Sampling locations immediately upstream from
confluences should be avoided as they may be
subjected to backwater phenomena In streams too
deep to wade, it may be advantageous to locate
sampling sites under brndges or cableways When
sampling from bridges, the upstream side Is normally
preferred  Sampling on the downstream side of the
bridge presents hmited upstream wvisibilty, and care
must be taken to avoid sampling In areas of high
turbulence, near the piers, because sediment samples
coliected near piers are often unrepresentative of the
general sediment transport characteristics ~ Attention
must also be paid to the accumulation of debris or trash
on the piers, as this can seriously distort the flow and
hence the sediment distribution  Sampling sites should
be accessible during floods, since sediment transport
rates are high dunng these times It is also important
that the same transect be used during the entire



samphing penod so that the vanability associated with
the sampling procedure 1s minimized (25)

Selecting Sampling Equipment

There are two general types of sediments that may
be collected bottom and suspended In addition,
bottom sediments contain two pnmary zones of
sediment of interest in contaminant studies the surficial
or upper 10to 15 cm, and the deeper layers Sampling
of the surface layer provides information on the
honzontal distribution of parameters or properties of
interest for the most recently deposited matenal, such
as particle size distribution or geochemical composition
of sediment A sediment column, which includes the
surface sediment layer (10 to 15 cm) and the sediment
underneath this layer, 1s collected to study historical
changes In parameters of interest or to define zones of
pollution The typical geochemical profile shows an
exponential decrease of contaminant concentrations
with sediment depth to a background concentration,
since many chemical compounds of environmental
concern are of recent ongin (24)

As would be expected, completely different
sampling devices are used to collect surface layers of
sediments and cores of sediments, and totally different
devices are also used to collect suspended sediments
and bottom sediments

For some purposes, bed sediment samples can
be disturbed, 1 e, the individual particles can be
rearranged relative to each other, and #t 1s unimportant
that the volume and shape of the sample are altered
from the actual conditions of the depost For most
purposes, however, undisturbed samples are required
For example, when the purpose of sampling is to obtain
information related to the vertical composttion of the
deposits or information on the distribution of contami-
nants from a certain depth, undisturbed core samples
must be taken (25)

Samplers used for suspended sediments must
allow the collection of a sample representative of the
water—sediment mixture at the sampling point or sampling
zone at the time of sampling These samplers are of
three general types

¢ Iintegrating samplers
« Instantaneous or grab samplers
e pumping samplers

Standard suspended sediment samplers used to
sample flowing streams and nivers should not be used

in lakes, reservorrs, or other bodies of water where
water i1s stationary or almost stationary (25)

Gravity and piston corers are used to collect
undisturbed samples of nver, lake, reservorr, and pond
deposits Samplers of this type are essentially tubes
that are forced into the bed of the system Samples are
retained inside the barrel of the sampler on retneval by
a partial vacuum formed above the sample and/or by a
core retainer at the lower end (25)

Grab samplers are more commonly used than
core samplers for collecting deposted sediments as
they are often much lighter and, 1n some circumstances,
much easier to use If properly used, a grab sampler
encloses a volume of the bed matenal and 1solates the
sample from water currents dunng tts ascent to the
surface 1o yield a reasonably good undisturbed sample
(25)

Sampling Bottom Sediments

When sampling bottom sediments, it 1s preferable
to collect samples with high clay and organic matter
content instead of rocks and sand because it 1s known
that poliutants are bkely to be observed in the former
type of bottom sediment matrices (3) This approach
obviously places a bias on the sampling site selection
and 1s an example of judgmental sampling applied to
bottom sediments

Generally, bottom sediment samples are taken
from an enlargement of a nver, which permits deposttion
of suspended sediments on the nver bottom In a lake,
the situation i1s usually less critical, and samples are
generally collected from the deepest point of the lake,
especially when toxic chemical screening i1s the study
objective However, to obtain a good estimate of the
spatial variabilty of parameter of interest within the
bottom sediments, sampling should be performed at as
many sites as possible within the given lake or river that
Is being surveyed (21)

Many different devices have been designed and
used over the years to obtain these types of sediments
in a vanety of environmental settings Bed sediment
samplers fall into three broad classifications grab
samplers, corers, and dredges Corers generally
collect both surficial and sediment column samples and
show the least amount of disturbance, grab samplers
collect large surficial samples, and dredges collect even
larger, well-mixed, near-surface samples Usually,
dredge samples are considered to be qualitative
because their use does not permit adequate control of
sample location or sampling depth in the sediment
column (26)



Surficial bed sediments can provide an excellent
synoptic picture of pollutant spatial distributions
Typically, such surveys entall random sampling over
large geographical areas using stream sediments
collected from small, localized streams (26)

In the case of shallow, wadeable streams, samples
are usually collected by hand, in the case of deeper
nvers, ponds, or lakes, samples are usually collected
with some type of grab samplers There are numerous
grab sampling devices, of varnous design, that have
different advantages and disadvantages depending on
the nature of the sediment to be sampled (e g, coarse
versus fine), the water depth, the amount (mass) of
sediment required, the size of the area to be sampled,
local energy conditions (e g, sampling in a rapidly
flowing stream versus sampling In a relatively quiescent
lake), sampling platform (e g , a boat versus sampling
from a bridge), the availabiity of lifing equipment
(e 9. hand-operated versus crane- or winch-operated),
etc Generally, the selection of a particular type of grab
sampler for the collection of a sediment-trace element
sample s dependent on evaluations against four
criteria (a) degree of physical disturbance during
sampling, especially while the device 1s being lowered
to collect a sample (due to the bow or pressure wave
created by the device that can disperse fine-grained
sediment or flocs at the sediment-water interface), (b)
loss of matenal, especially fine-grained sediments,
during recovery of the sampler through the water
column (washout), (c) the efficiency of the grab sampler
for collecting sediments of varying textures (e g, grain
size, degree of induration), and (@) potential for sample
contamination (26)

Corers typically are not used for area surveys
based on surficial sediment samples, especially in
shallow, wadeable aquatic environments This is
because a major disadvantage of most corers is the
extremely small area of the bed that 1s actually sampled
Thus, many more core samples than grab samples are
usually required to provide an adequate bottom
sediment sample (26)

One of the most important considerations when
collecting surficial sediments is that of obtaiming a
representative sample The confidence iimit is affected
by the number of samples to be collected in a particular
study area, how the data are to be used, and the degree
of geochemical detail required As a result of all these
factors, regardless of the requisite degree of confi-
dence, 1t is invariably better to collect a group of
subsamples to generate a final composite sample than
to arbitranly collect a single 1solated sample as being
representative of a sampling site (26)

Vertical sampling of a sediment column invanably
involves the use of some type of coring device These
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tend to fall into three broad categories gravity corers,
piston corers, and vibrocorers Many of the criteria that
apply to the selection of a grab sampler also apply to
the selection of a coring device One additional critena
i1s the length of sediment column to be sampled Selec-
tion of core samples invanably involves subsampling,
especially when there are obvious physical differences
(e g, texture or colour) between various sections of an
entire core (26)

Gravity corers, as the name implies, use the force
of gravity to penetrate into the sediment column and
obtain a sample Generally, the heavier the corer, the
greater the degree of penetration These devices also
require a mimimum amount of water depth to achieve
sufficient velocity to obtain maximum penetration  To
some extent, the amount of weight required can be
counterbalanced by the thickness of the core barrel (the
thinner the barrel, the lower the resistance to penetra-
tion), and by reducing the degree of water resistance to
the speed of descent (larger diameter barrels produce
less resistance, also, the type of valve at the top of the
cover, usually required to prevent sample loss during
recovery, can affect the degree of water resistance)
Box corers and Kastenlots are special types of gravity
corers that do not require rapid rates of descent to
deeply penetrate a sediment column However, both
devices are usually very heavy Box corers scoop out
a section of the sediment column through the operation
of a set of springs that are triggered after the detice Is
lowered to the sedimentbed Kastenlots are extremely
heavy and wide-barrelied, with the barrel walls being
made of extremely thin but very ngid material These
devices are slowly lowered to the sediment bed and
achieve high levels of penetration because of therr
wetght working 1n combination with therr lack of frictional
resistance because of the thin walls of their barrels
Typical gravity cores do not exceed 2 m in length,
although Kastenlot cores of up to 6 m have been
recovered (26)

Piston corers are used 1o obtain long cores in
relatively soft sediments They also are usually very
heavy and are set up so that the piston, which s inserted
inside the barrel, stops at the sediment—water interface
while the core barrel continues to penetrate the
sediment column The piston creates a vacuum, which
reduces fnctional resistance to barrel penetration

Under the nght conditions, piston cores of more than
30 mn length have been collected (26)

Long cores n fairly indurated sediments are
normally obtained with a vibrocorer These devices can
be powered with etther electricity or compressed air
Sediment sampiing 1s achieved through the use of thin-
walled barrels in conjunction with vibration, which tends
to fluidize the sediments to facilitate penetration Asa
result, vibrocores tend to be more disturbed than piston



cores Vibrocore length is controlled by the size of the
system being used, but typically does not exceed 12 m
(26)

Sampling Suspended Sediments

Sampling and analysis of suspended sediments
are a requisite for any study involving the determination
of pollutant transport and the calculation of pollutant
fluxes In addtion, suspended sediments, along with
the sampling and analysis of dissolved samples, may
represent the only available means of determining short-
term temporal changes in water qualty Suspended
sediment transport is strongly interrelated to both hydro-
iogical and geomorphological charactenstics As a
general rule, assuming enough matenal is available, as
fluvial discharge or velocity Increases, suspended
sediment concentrations also increase (26)

Suspended sediment samplers fall into three
general categories integrating samplers, which
accumulate a water-sediment mixture over time,
instantaneous samplers, which trap a volume of whole
water by sealing the ends of a flow-through chamber,
and pumping samplers, which collect a whole-water
sample by pump action Integrating samplers are
usually preferred because they appear to obtain the
most representative fluvial cross-sectional samples
(26)

Most sampling equipment and sampling designs
are established to obtain an instantaneous repre-
sentative sample However, there i1s substantial
evidence to indicate that temporal changes in
suspended sediment concentration and cross-sectional
distributions can be quite large and, therefore, samples
should be obtained over a long period of time to be truly
representative (e g, for 8 to 10 hours) Unfortunately,
no single sampling device or technique deals simulta-
neously with both cross-sectional (spatial) and temporal
variability The user must decide which variable is more
important to a study, and must select a sampler and
technique accordingly (26)

Sample Preservation and Storage

in general, sediment preservation and storage
requirements are similar to those discussed for soils
Procedures for handling and preserving sediment
samples depend on the specific analyses needed and
on whether the sample 1s from the suspended or bottom
environment Samples for trace metal analyses require
special precautions to prevent contamination and also
require preservation (25) Sample bottles should
always be precleaned, thoroughly washed, dned, and
sealed before being transported to the sampling site
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Sediment samples should be filtered as soon as
possible after collection The filtrate can then be used
for measuring the dissolved constituents Preservation
procedures usually involve refngeration (for organics)
and acidification (for metals) Suspended sediment
sample analyses are often hmited because of the
difficulty in obtaining sufficient sediment for the many
subsamples required for the different analyses A
compostte of a large number of representative samples
may be necessary (25)

Samples of bottom sediments for routine particle
size analysis can be transported and stored without
refngeration Samples for most other types of analysis
include refrigeration (for organics) and acidification (for
metals) Freezing is not usually employed because it
can cause physical~chemical changes, fragment sedi-
ment particie structures, and change the representativeness
of the sample

SAMPLING WATER

There are many different types of waters that can
be sampled, requiring different sampling equipment, but
most of the samples are treated similarly once they have
been collected In the case of groundwater, the drilling
of a well and the contaminants that may be associated
with the matenals used in well construction are con-
sidered to be a part of the overall sampling equipment
and are discussed 1n the subsection on groundwater
The types of water that may be most commonly sampled
al contaminated sttes Include surface waters (nvers,
lakes, artficial impoundments, runoff, etc ), groundwaters
and springwaters, wastewaters (mine drainage, landfill
jeachate, industnial effluents, etc ), andice Othertypes
of water that may be sampled infrequently, if at all,
include saline waters, estuarine waters and brines,
waters resulting from atmospheric precipitation and
condensation (rain, snow, fog, and dew), process
waters, potable (dnnking) waters, glacial melt waters,
steam, water for subsurface injections, and water
discharges including waterborne matenals The sampling
of these latter water sources will not be addressed since
most of them require special equipment that is not likely
to be needed for the sources of water found at most
contaminated sites

Problems Unique to Sampling Water

Waters are usually very heterogeneous, both
spatially and temporally, making it difficult to obtain truly
representative samples Solids with specific gravities
only shghtly greater than that of water are usually
inorganic  They will remain suspended in the flow, but
will also form strata in smoothly flowing channels Oils
and solids hghter than water (usually organic) will
float on, or near, the surface Some hquids, such as



halogenated organic compounds, are heavier than
water and will sink to the bottom (4) The chemical
composition of lakes and ponds may also vary signifi-
cantly depending on the season The composition of
flowing waters, such as streams, depends on the flow
and may also vary with the depth

Stratification within some bodies of water 1s
common In lakes shallower than about 5 m, wind
action usually causes mixing, so neither chemical nor
thermal stratification 1s likely for prolonged penods,
however, both may occur in deeper lakes (28) Rapidly
flowing shallow nvers usually show no chemical or
thermal stratification, but deep nvers can exhibit chemi-
cal stratification with or without accompanying thermal
stratification  Stratification may also commonly occur
where two streams merge, such as the point where an
effluent enters a nver

Stratification 1s also a problem with ocean
sampling, various specles may be stratified at different
depths In addition, the composition of near shore
waters usually differs greatly from waters far from shore
Estuarine sampling Is even more complex because
stratifications move up rivers unevenly

Water sample contamination is aiways a problem,
and 1t increases In importance as the analyte concen-
tration levels decrease To some extent, contamination
sources may depend on the body of water being
sampled For instance, in groundwater monitoring,
contamination from well construction matenals can be
significant and matenal blanks become very important
However, many potential contamination sources are
common to all water samples

Groundwater vulnerability to contamination is
affected by water depth, recharge rate, soil composttion,
and topography (slope), as well as other parameters
such as the volatiity and persistence of the analytes
being determined In planning groundwater sampling
strategies, knowledge of the physical and chemical
characternistics of the aquifer system i1s necessary (but
almost never known) Groundwaters present special
challenges for obtaining representative samples (4)

Rewviewing Site Information and Reconnaissance

Site Information should be reviewed for sources of
possible water contamination in a manner similar to that
described above for solls and sediments The more
background information that can be found, the better the
sampling and analysis programs can be planned

Also, as described in earlier sections, a prelimi-
nary site reconnaissance to inspect the potential
locations where water samples will be taken will help
significantly in planning the sampling efforts Surprises
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can often be avoided and plans can be made to inciude
any special sampling or safety equipment to overcome
unusual physical barners if an adequately planned site
visit Is made pnor to the full sampling effort

Representative Sampling Approaches

The following general principles apply to the
collection of representative water samples (14)

« Do not include large nonhomogeneous particles,
such as leaves and detntus, In the sample

* In flowing waters, place the sampling apparatus
upstream to avoid contamination Sampling from
the upstream side of a bridge enables the collector
to see whether any floating material 1s coming
downstream and aids in preventing contamination
of the sample

e Collect a sufficient volume to permit replicate
analyses and qualty control testing If not
specified, the basic required volume is a summation
of the volumes required for analysis of all the
parameters of interest

The collection of representative water samples
requires the use of a vanety of sampling equipment
depending on the station, the medium to be sampled,
and the analyte list The choice of sampler type must
be closely related to the analyte list in order to avoid
sample contamination In addition to being analyte and
station specific, the sampling equipment must also
provide suitable sample volumes and be suitable for use
In a wide varnety of environmental conditions (21)
Special guidelines, discussed later, apply to obtaining
representative samples from groundwaters, nvers, and
streams  Additional special guidelines apply to
sampling all types of surface waters under winter
condtions

Collecting Representative Water Samples from
Rivers and Streams

For water qualty sampling sites located on a
homogeneous reach of a niver or stream, the collection
of depth-integrated samples in a single vertical may be
adequate For small streams, a grab sample taken at
the centroid of flow Is usually adequate (14) When a
single fixed intake point 1s used, it should be located at
about 60% of the stream depth in an area of maximum
turbulence, and the intake velocity should be equal to
or greater than the average water velocity (27)

For sampling sites located on a nonhomogeneous
reach of a nver or stream, it 1s necessary to sample the



channel cross section at the location at a specified
number of points and depths The number and type of
samples taken will depend on the width, depth, and
discharge, the amount of suspended sediment being
transported, and aquatic life present Generally, the
more points that are sampled along the cross section,
the more representative the composite sample wili be
Three to five vertical sampling points are usually
sufficient, and fewer are necessary for narrow and
shallow streams (14)

Some practical sampling considerations related to
location and season of sampling surface waters are
outiined below (14)

Sampling Procedures from Bridges, Abutments, Boats,
and Aircraft

e Attachsufficient rope to permit the sampler to reach
the required maximum depth The other end of the
rope should be secured to a permanent fixture on
the bridge, boat, or aircraft

¢ Ensure that all of the lines that are suspending the
samplers remain In the vertical position to enable
the accurate estimation of the depth of sample
Depending on the sampler used, weights may be
added, the greater the stream velocity, the heavier
the weight required

e When sampling from a boat, sample from the
upstream side, f sampling from a float aircraft,
sample from the upstream and outer side of the
pontoons to minimize the chance of contamination
from engine oll leaks

« When sampling, 1t i1s important that the sampling
bottle not be permitted to touch the bottom of the
niver or lake to avoid contamination from stirred-up
sediment, predetermine the water depth to prevent
this

+ Rinse the sampler three or four times with the water
to be sampled unless the bottle contains a preser-
vative or 1s stenle

Sampling Procedures from Shores, Stream Banks, and
Wharves

« A sampling Iron Is often used when water samples
are collected from shores, stream banks, and
wharves

« Insert an open, clean sampling bottie into the metal
holder, ensuring that the nng clamp 1s securely

30

locked in the holder frame by a key ning or suitable
pin Attach sufficient rope to the holder to permi
sampling at the desired depths Secure the other
end of the rope to a permanent fixture on the bank,
wharf, etc  Sampling weights should be added as
required, as dictated by stream velocity

e Throw the bottle with holder well out into the stream
in the case of very shallow streams (approximately
05 m), the sampler should collect the sample by
hand, wading out if necessary, facing upstream,
and making sure not to contaminate the sample with
sediment, debns, and other floating materials

e Pull the bottle and holder in quickly to prevent the
bottle from touching or becoming snagged on the
bottom of the stream

» Rinse the sampling bottle three or four imes with
the water collected above It 1s important that the
sample bottie be well nnsed with the water to be
sampled before the sample 1s collected unless
preservative has been added to the sample bottle
prior to sampling or the bottle 1s stenle

Collecting Representative Ilce Samples

Representative sampling of ice and snow under
winter conditions also requires special considerations
(14)

e Overlying snow should be removed from the ice
surface to provide a suitable working area

e Gas-powered augers are often used for drilling
holes Take extra care to avoid gas, oil, and
exhaust contamination of sampling equipment

e Except in the case of shallow flowing streams,
samples must not be taken from the hole in the ice,
but should be taken as a depth-integrated sample
below the ice cover

« The hole in the ice must be cleaned of debnis and
ice chips, use a dip net or other de-slushing device

e Field measurements are not generally taken out on
the ice, but rather in the warmth of a vehicle, as
meters tend to operate poorly in extremely cold
condions An insulated box should be used and
care taken to prevent samples from freezing In
subzero temperatures



When collecting representative samples of ice, the
location of collection devices is especially important
The chemical composition of ice reflects the chemical
composttion of the surface water and the rate at which
it forms ice  The dust and/or plankton it entraps has
been shown to contribute concentrations of metals such
as iron titanium, and molybdenum Furthermore,
stlicon, aluminum, phosphorus, barium, strontium, and
manganese (and probably organic contaminants) may
show concentration-depth relationships in ice  There-
fore, f geochemical (spatially related) data are desired,
composite sampling from multiple locations is sufficient,
but if data on water composition in relation to the ice n
contact are desired, then the ice must be sampled ina
senes of strata (28)

Special QC problems also occur dunng winter
sampling, where ice conditions and low temperatures
can affect sampling protocols For example, heavy ice
conditions at a site may require the use of power ice
augers, which can contaminate organic chemical
samples with heavy metals, gasolines, and oils Also,
during thaw periods, there is often a layer of meltwater
iImmediately under the ice, which Is not representative
of the water chemustry of the system Care must
therefore be taken to ensure that samples are collected
from a stratum that 1s below the ice—water interface (21)

The in situ measurement of the general vanables
PH and specific conductance (Table 1) during winter
conditions must be carefully scrutinized since some of
the measurement meters do not function well in cold
temperatures For example, conductivity meters may
give erroneous results (usually biased low) if slush or
ice 1s allowed to build up around the thermistor or in the
conductivity cell (21)

Sample handling I1s another problem associated
with winter sampling 1t is essential that water samples
not be allowed to freeze prior to analysis This is
particularly important for samples with high concentra-
tions of organic matter, as freezing and subsequent
thawing can result in flocculation of dissolved and
colloidal organic compounds It is necessary, therefore,
to work from a heated vehicle, such as a mobile
laboratory, during the winter months (21)

Collecting Representative Groundwater Samples

In order to collect representative groundwater
samples, temporal iIssues need to be considered such
as the time of year sampling will be done, whether to
sample before or after rainy seasons, etc, and other
considerations, such as sampling after penods of high
agricuttural chemical usage In constructing and using
monitoring wells, alteration of the water being sampled
must be minimized Care must be taken during the
dnliing process not to cross-contaminate aquifers with
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loosened topsoll possibly laden with agricultural/
industnal chemicals Well construction and matenals
can profoundly influence the chemical composition of
samples, so maternal blanks are important (4)

Purging wells before sample collection eliminates
stagnant water The method and rate of purging, time
between purging and sampling, and sampling itself will
depend on the diameter, depth, and recharge rate of a
well Each well should be slug, pressure, or pump
tested to determine the hydraulic conductivity of the
formation and to estimate the extent and rate of purging
prior to sampling (29) The standard purge volume
obtains a stabilized concentration of the parameter of
Interest  Purge volumes usually range from three to ten
well volumes Sometimes changes in pH, temperature,
or conductance measurements can be monitored in
consecutive samples to determine when a sample is
representative, 1 e, when surrogate values stop
changing (4)

Select the matenal for well construction carefully
Cement used for polyvinyl chionde (PVC) pipe joints can
leach into samples from wells, this can be prevented by
using threaded pipes Equipment for monitoring wells
should be constructed of stainless steel or other inert
materials (30, 31)

Sampling devices and sample containers are
always likely sources of contamination Carryover
between samples from the sampling device must also
be prevented Contaminant leaching from sampling
devices and containers I1s very complex and requires
serious attention Table 11 shows the types of contami-
nants caused by materials used in sampling devices
and well construction monitoring Tin and lead are also
common contaminants to water transported through
soldered pipes Water containing high calcium levels
tends to extract lead preferentially, but tin 1s removed in
small amounts for many years (28)

Sampling protocols often recommend that
samples that analyze groundwater montoring wells for
metals be field-filtered under pressure before preser-
vation and analysis Samples collected for metals are
usually acidified, acidification of unfiltered samples can
lead to dissolution of minerals from suspended clays
Samples to be collected for organic compounds
analyses, however, are never filtered (4)

As discussed above, blanks are used to assess
contamination Blank samples associated with ground-
water samples should usually include equipment, field,
and background blanks Selections should be made by
considering all ikely sources of contamination for the
specific situation



Table 11. Potential Contaminants from Sampling
Devices and Well Casings

Contaminants prior to

Matenal steam cleaning

Rigid PVC-threaded jomts  Chloroform

Rigid PVC-cemented jomnts  Methyl ethyl ketone, toluene,
acetone, methylene chlonde,
benzene, orgamc un

compounds, tetrahvdrofuran,
ethyl acetate, cyclohexanone,

vinyl chlonde

Flexible or ngid Teflon®
tubing

None detectable

Flexible polypropylene
tubing

None detectable

Flexible PVC plastics
tubing

Phthalate esters and other
plasucizers

Soldered pipes Tin and lead

Stainless steel contaners Chromium, 1ron nickel and

molybdenum

(Glass containers Boron and sihicon

Analyte sorption I1s also a common problem
Polyvinyl chioride and plastics other than Teflon® tend
to sorb organics and leach plasticizers and other
chemicals used in their manufacture In addition, some
pesticides and halogenated compounds strongly
adsorb to glass When analyzing these substances in
water samples, therefore, it 1s important not to pre-rnse
the glass sample bottle with sample before collection
It 1s equally important at the laboratory to nnse the
sample containers with portions of extraction solvent
after the water sample has been quantitatively
transferred into the extraction apparatus

Tubing matenal used in automatic sampling
devices Is 1mportant, depletion of halocarbons from
water depends more on the tube matenal than on the
tubing diameter (surface area) However, when a
constant flow rate s used, losses are more hikely to occur
with an increase In tubing diameter Thermoplastic
matenials (e g, polypropylene) appear to sorb many
organic analytes efficiently, so they should be avoided
in sampling devices (28)

Polyvinyl chlonde reportedly containing zinc, won,
antimony, and copper may leach these metals nto

water samples  Polyethylene has been reported to
contain antimony, which may also leach into water (28)
Flexible PVC and plastics other than Teflon® usually
contain phthalate esters, which may also leach nto
water samples (30) Phthalate esters interfere with
instrument sensitivity by masking other contaminants

Sorption of metais at low concentrations on
container walls depends on the metal species, concen-
tration, pH, contact time, sample and container
composition, and presence of dissolved organic carbon
and complexing agents Preserving metals samples
with acid usually prevents this problem (28)

Varations In the permeability of an aquifer can
affect the representativeness of groundwater samples
If the wells have varying recovery rates, varying concen-
trations of the analytes will result Vertical gradients of
flow between permeable strata within an aquifer can
result 1n samples from multiple zones within one well
(30)

Selecting Sampling Locations

The use of proper sampling techniques and good
judgment to obtain representative water samples Is of
utmost importance Various sampling situations occur
in the field that require different sampling techniques
Situations In which water 1s shallow are handled in a
manner and with apparatus different from that used at
deep water stes Field technicians must be equipped
to handle these situations In addition, special
considerations and precautions mentioned above must
also be taken during peniods of ice and snow (14)

Rivers and Streams

Since the fluvial charactenstics of a sampling
station can change with season, annual maximum and
minimum flows and year-round accesstbility should be
considered when establishing a sampling station on a
rniver or a stream When visiing an existing sampling
station or when establishing a new site, the field
investigator should take a variety of sampling
equipment so as to be prepared for any situation (14)

Some of the key factors involved when locating
sampling stations at nvers and streams include the
following

e access to desirable sampling points

entrance and mixing of wastes and tnbutanes

« flow veloctties In times of water travel



e marked changes In characteristics of the stream
channel

¢ types of stream bed, depth, and turbuience

e artificial and physical structures such as dams,
welrs, and wingwalls

Varniations in water quality with time require that
samples from rivers and streams be collected at the
proper frequencies and times of day to ensure results
that are representative of the variations (21)

Ready accessibility to sampling stations that
extend across the width of a rniver or stream can some-
times be difficult, therefore, 1t 1s not unusual to collect
water and/or sediment samples from bridges The main
sampiing location should generally be at the bndge
midpoint with additional sampling locations nearby
when spatial discontinuities are expected

Although sampling from bridges has some
obvious advantages, there are also some possible
contamination problems Because most of these
structures are made of metals, concrete, or creosoted
timber, caution must be exercised to avoid heavy metal,
major ion, and organic contamination, respectively In
addition, because many of these structures are subject
to heavy vehicular traffic, there is a possibility of sample
contamination by organics, heavy metals (e g, leaded
fuels), and road salts (21)

In order to avoid sample contamination while
sampling from a bndge, all sampling should be
conducted from the upstream side of the structure
When sampling from concrete structures, care must be
taken to ensure that the movement of the sample rope
does not form concrete dust by the abrasive action of
raising and lowering the sampler (21)

Sometimes samples from nvers and streams must
be collected from the shore, which also results in QC
problems Before establishing these stations, it may be
necessary to perform some cross-sectional sampling to
ensure that the Ittoral samples are representative of
overall qualty conditions If samples are collected by
wading, water should be taken upstream from the
technician’s position in order to avoid contamination by
re-suspended sediments (21)

Groundwaters

Groundwater/well water sampling at municipal
and domestic wells is best, if possible, at locations prior
to any purification/treatment process  This more accu-
rately determines what contaminants are in the aquifer
Chlornation, filters, softeners, and other treatments

such as Iron, acid, potash, etc , may chemically alter or
physically adsorb the analytes of interest Histornies and
knowledge of any chemical usage In or near wells can
also provide valuable information For example, some
domestic well owners have been known to pour bleach
into their wells as a disinfectant (4)

Wells at contaminated sites should be drilled
above and below the suspected place of contamination
When dealing with hazardous waste disposal sites, it Is
not recommended that drilling be carried out into the
waste maternal itself because of the possibibity of
encountering unknown and potentially dangerous
situations A grid similar to that used for sampling solls
may also be employed to gather geostatistical samples
at a site More detailed information on groundwater
sampling can be found 1n the National Contaminated
Sites Remediation Program’s Handbook on Subsurface
Assessment (31)

Lakes

Lake water sampling often has less temporal
variance (but greater spatial vanance) than nver or
stream sampling This observation favours the use of
lakes for long-term trend assessments, as the
monitoring costs are potentially reduced As a general
rule, water and sediment sampling stations In lakes
should be located near the centre, at the greatest depth,
to avoid shoreline effects Lake depth should be at least
10 m for stable thermal conditions, and dystrophic or
bog lakes should be voided Lakes that are fed by large
inlets should also be avoided because of the possible
dominance of stream charactenstics

Headwater lakes can be affected by atmospheric
deposition, therefore, sampling stations should be
located on the most elevated sites of the basin, away
from agricultural lands and urban areas, to avoid local
effects (21)

Samples from lakes are often collected from
stations that require the use of aluminum boats,
rubber rafts, and, occasionally, helicopters Use of
these means of transport must be project spe-
cific with particular emphasts placed on the analyte
hst (Table 1) Thus, if heavy metals are the major
concern, a rubber boat should be used, an alumi-
num boat is more suitable for sampling toxic organics
Regardless of the type of craft used, samples
should never be taken off the stern of the boat,
where floating o1l and gasoline from the outboard
motor might contaminate samples (21) For lakes
that have poor accessibility, it may be necessary to
use a helicopter, however, this increases the risk of
contaminating samples with fuel and kerosene
fumes



Selecting Sampling Equipment

Sampling devices must be constructed of materials
compatible with the matrix and target analytes
Hardware should be stainless steel, plated or painted
hardware Is not acceptable Equipment (nnsate) blanks
are very important Usually double- or tnple-distilled
water s used to nnse sampling equipment prior to use

Medical grade silicone rubber in penistaltic pumps
avoids sample contamination by the organic peroxides
used in the manufacturing of conventional grade
silicone rubber, the tube compression reportedly does
not alter or contaminate samples (32) If organic
species are being collected, the rest of the tubing should
be Teflon® When sampling for water quality
parameters (pH, colour, chlonde, dissolved oxygen,
etc), PVC tubing may be used, but it should be of
food-grade quality to prevent phenolic compound
contamination of samples (27)

Any sorption of the analytes of interest in or onthe
sampling device must be documented If such informa-
tion 1s not available, analyte sorption with the device
must be investigated prior to test sample collection  If
the sampling device sorbs the analyte of interest or
contributes a significant analytical interference, the
samples obviously are not valid, and other means of
sampling must be used

Selection of the sampling device frequently
depends on the body of water being sampled Samples
collected from large bodies of water are usually
collected manually Automatic samplers are commonly
used for consistent samples of streams and wastewater
discharges The single greatest factor influencing the
collection of representative water samples with
automatic samplers may be the skill of the user (27)

Samplers are designed to collect either discrete or
composite samples, and most are capable of gathenng
ether timed interval samples or samples proportional to
flow Various designs for automatic samplers are
available, and selection usually depends on their
intended use Significant selection factors are the
following (4)

+ ntake velocity

e watertightness

e electnical or insulation quality
o explosion-proof qualty

+ ease of field repair

Samples of water analyzed for volatile organics
are always grab samples using glass vials with
Teflon@-lined caps, no headspace is allowed

Glass containers with Teflon®-lined caps
should generally be used when organic compounds are
the analytes of interest In contrast, when metal species
are the analytes of interest, the samples generally
should be collected in plastic (usually polypropylene) or
glass containers with added nitric acid for stability (33)

Charactenistics of Various Types of Water
Samplers

There 1s no universally accepted sampler, so the
selection of sampling equipment must be made to
accommodate the goals of the sampling plan Vacuum
samplers produce higher biological oxygen demand
(BOD), chemical oxygen demand (COD), and solds
concentrations than penistaltic pumps  If the strainer of
a vacuum sampler is allowed to rest on the bottom of
the sampling site, the high intake velocity can scour
sediments from around the strainer and enrich the
sample Also, suction life (vacuum) samplers will cause
volatile compounds to outgas and be lost Another
potential problem with vacuum samplers s that therr
metering chambers can serve as a source of cross-
contamination between samples due to their relatively
large wetied surface areas However, one advantage
of vacuum samplers 1s that they tend to keep heavy
solids 1n suspension  Another advantage of vacuum
samplers with metering chambers, and also penstaltic
pumps that can compensate for water level changes, Is
more accurate sampling when the water level varies
signficantly from one sample interval to the next (27)

Discrete samplers can take individual samples,
usually at uniform time ntervals, and retain them in
separate containers for analysis Two optional modes
of operation include nonuniform time intervals and time
overnide of flow-proportioned sampling  Nonuniform
time intervals give the option of programming different
times between samples They are useful where
vanations in flow or analyte concentrations occur (27)

Composite samplers mix samples together in a
single container Their advantage ts that many frequent
samples can be taken and a time averaged sample 1s
obtained However, If infrequent events with large
concentration vaniances occur, this information may be
averaged out by dilution A flow-proportioned
compostte sample, in which small aliquots are collected
over small increments of flow, provides the most
representative sample of the flow over a given time 27)

Sampling devices selected for groundwater
monitoning should consider the well diameter and yield
as well as the limitations in the Ifft capactty of the devices



and the sensitivity of the analytes to construction
materials Groundwater sampling devices should be
designed to avoid excessive aeration so that analyte
volatilization and oxidation are minimized Loss or
introduction of gases or volatile organics can affect
analytes of interest (30) Commonly used devices
include electnic submersible pumps, bailers, suction-lift
pumps, and postive displacement bladder pumps, the
latter are generally considered the best for accuracy and
precision under many circumstances

Ballers are often used for both purging and
samphng small diameter shallow wells, but they have
the disadvantages of mixing collecting particulates from
the well bottom or casing and aerating or degassing
volatile analytes from samples (30) Some of these
disadvantages can be minimized by modifying a bailer
for a bottom draw valve or a dual check valve and gently
lowering 1t into the water Another problem 1s having
organics from the air absorbed into the water as tt 1s
poured from the bailer to the sample container (30)
Thus, field blanks are especially important when using
bailers and should always be collected when using this
device

Suction lift and gas displacement pumps often
measure the amount of sample delivered inaccurately
In addition, they will cause degassing and the loss of
volatile components in the samples (30)

Common Sampling Equipment

There are many different types of samplers Afew
of the most commonly used in Canada are briefly
described below (14)

Depth-Integrating Samplers

A depth-integrated sample may be taken by
lowering an open sampling apparatus to the bottom of
the water body and raising it to the surface at a constant
rate so that the bottle 1s just filled on reaching the
surface This procedure will result in a sample that
approximates a theoretical depth-integrated sample
Depth integration may not be possible in shailow
streams where the depth 1s insufficient to permit
integration

Sampling Iron

A sampling wron is a device made of ron and
painted with a rust inhibtor Typically, it uses a 2-L
sample bottle, but smaller botties may also be used

The sample bottles are placed in the sampler and
secured by a neck holder In some cases, sampling
irons may have prowvision for additional weights to
ensure a vertical drop in strong currents A depth-
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integrated sample I1s taken by permitting the sampler to
sink to the desired depth at a constant rate and then
retrieving it at approximately the same rate The rate
should be such that the bottie has just been filled when
reaching the surface

Discrete Samplers

Discrete samplers are used to collect water at a
specificdepth An appropriate sampler is loweredto the
desired depth, activated, and then retneved Van Dom,
Kemmerer, and pump type samplers are frequently
used for this purpose

The Van Dorn bottie 1s designed for sampling at
depth of 2 mor greater The sampler is available in both
PVC and acrylic plastic materials so that it may be used
for general or trace metal sampling End seals are
made of semi-ngid moulded rubber or ngid machined
plastic with gaskets, a drain valve Is provided for sample
removal Sampler volumes from 2 to 16 L are available

Although operation of a Van Dorn bottle varies
slightly depending on its size and style, the basic
procedure is the same

the sampler 1s opened by raising the end seals
o the tnp mechanism Is set
o the sampler s lowered to the desired depth

* ametal or rubber messenger is activated to trip the
mechanism that closes the end seals of the
sampler, the water sample is transferred from the
Van Dorn bottle to individual sample containers via
the drain vaive

The Kemmerer sampler 1s commonly used In
water bodies with a depth of 1 m or greater It s
available in brass and nickel-plated brass for general
water sampling For trace metal sampling, Kemmerer
samplers are made of PVC and acrylic plastic with
siicone rubber seals Both metal and plastic samplers
are available in volumes ranging from05to 8L The
operation of the Kemmerer sampler is the same as that
for the Van Dorn bottle

Three types of pumps are available to collect
samples from specified depths diaphragm, peristaltic,
and rotary In general, diaphragm pumps are hand-
operated, the penstaltic and rotary pumps require a
power source and, consequently, have limited field
utility  All pumps must have an internal construction that
does not contaminate the water sample Input and
output hoses must also be free from contaminants



Multiple Samplers

A multiple sampler permits the simultaneous
collection of several samples of equal or different
volumes at a site Each sample is collected In ts own
bottle When the samples are of equal volume,
information concerning the instantaneous vanability
between the replicate samples can be obtained

The sampler may be aitered to accommodate
different sizes and numbers of bottles according to the
requirements of specific programs This may be done
by changing cup sizes, iength of cup sleeves, and the
configuration and size of openings In the clear acrylic
top

Sample Preservation and Storage

Efforts must be made to minimize errors that can
be introduced as a result of collecting and handling the
sample The objective Is to provide the laboratory with
a set of samples that closely represent the aquatic
environment from which they are taken To ensure
consistency and efficiency, sample handling (filtration,
decantation, centrifugation, sample splitting, etc)
preservation, storage, and transportation procedures
must be properly and accurately documented and
adhered to by field personnel (21)

Preservatives should be prepared from Ultrex
Grade or similar grade chemicals, and care must be
taken to ensure that the water sample 1s not contami-
nated by impurities residing in the added preservative
In adding preservatives to field blanks, the same level
of caution exercised with actual samples should be
extended to the blanks The practice of adding
ultrapure distilled water to the field blank bottles in the
laboratory prior to the field trp should be encouraged
The preservation of blanks can then be carried out in
the field (3)

The stability of analytes of interest depends on
how well the samples are preserved Preservation
instructions must specify proper containers, pH,
protection from light, absence of headspace, chemical
addition, and temperature control The chermistry of all
analytes must be considered, and it should be
recognized that certain reactions, e g, hydrolysis,
may still occur under recommended preservation
conditions (4)

Holding time 1s the length of time a sample can be
stored after collection and preservation, and before
preparation and analysis, without significantly affecting
the analytical results Holding times vary with the
analyte, preservation technique, and analytical
methodology used Usually maximum holding times
(MHTSs) are specified by the method, and they must be
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considered and planned for when sampling and
analysis protocols are being developed

Maximum holding times of volatile organic
compounds are usually 14 days using EPA methods
However, most of these (with the exception of the
aromatic compounds that are prone to biological
degradation and some highly halogenated compounds
that may undergo dehydrohalogenation) have proven
stable in water samples for much longer times (34)

Water samples are in a chemically dynamic state,
and the moment they are removed from the sample site,
chemical, biological, and/or physical processes that
change their compositions may commence Analyte
concentrations may become altered due to volatii-
zation, sorption, diffusion, precipitation, hydrolysis,
oxidation, and photochemical and microbiological
effects (3)

Free chlorine 1n a sample can react with organic
compounds to form chlorinated by-products Dnnking
water and treated wastewaters are likely to contain free
chlorine Sodium thiosulfate should be added to
remove free chlorine (33)

Samples with photosensitive analytes (such as
polynuclear aromatic hydrocarbons, chlorophenols,
and bromo- or todo-compounds) should be collected
and stored in amber glass containers to protect them
from hight (33)

The composition of water samples may also
change because of microbiological activity This Is
especially prevalent with organic analytes in waste-
waters subjected to biological degradation These
samples (and samples containing organic analytes in
general) should be immediately cooled, stored, and
shipped at low temperature (about 4°C) Sometimes
extreme pH conditions (high or low) or pentachloro-
phenol are used to kill microorganisms, but this is not
common because of their potential for reacting with
other analytes (33) Recent studies have indicated that
the addition of sodium bisulfite may be just as effective
for preserving water samples for organic analytes as the
addition of hydrochloric acid (34)

Samples preserved by cooling should be cooled
first in a refrigerator or with wet ice (frozen water), blue
ice, a synthetic glyco! packaged in plastic bags and
frozen, Is acceptable for maintaining low temperatures
inthially, blue ice cools less efficiently, and it may take
longer to lower sample temperatures (30) A maximum
temperature thermometer will document whether
temperatures exceeded desired values during storage

Analytes may also form salts that precipitate  The
most common occurrence is precipitation of metal




oxides and hydroxides due to metal t1ons reacting with
oxygen This precipitation i1s usually prevented by
adding nitric acid, the combination of a low pH (less than
2) and nitrate 1ons keeps most metal ions 1n solution
Other acids (especially hydrochloric and sulfuric) may
cause preciprtation of insoluble salts and/or analytical
interferences (33)

Waters with cyanides or sulfides require added
sodium hydroxide to ensure that hydrogen cyanide or
hydrogen sulfide gas 1s not evolved Waters with
ammonia are preserved by adding sulfunic acid The
addition of sodium hydroxide or sulfunc acid, however,
may precipitate other cations (especially metals), so
separate test samples are necessary when cyanides,
sulfides, or ammonia are target analytes

Water samples must be well stoppered and
packed to prevent spillage and/or breakage Labels
bearing the sample identification, destination, and the
word FRAGILE must be attached to each container
The top of the carton must be clearly identified as THIS
END UP, and the containers in a shipment must be
numbered A check must also be made to ensure that
all samples bottles recorded on the field sampling
sheets have been placed in a given carton before
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shipping The shipping date and mode of transport
must be indicated on the field sampling sheet

Samples from any one location should be kept
together, except in cases where all bottles of one size
must be shipped together because of container size
When samples from one station must be separated and
placed in more than one carton, a copy of the field
sampling sheet pertaining to the bottles must be
enclosed tn each box

SAMPLE COLLECTION, PRESERVATION, AND
STORAGE BY METHOD

Most of the analytical methods summanzed in
Volume 1l also have instructions for collecting,
preserving, and storing samples A summary of these
requirements for each of those methods is provided in
Tables 12, 13, and 14 The methods are divided into
two groups those for organic compounds and those for
metals and other parameters Within these two groups,
the summaries are simply arranged in an increasing
alpha-numeric order since many of the methods cover
portions of more than one of the eight major categories
of the analytes of interest
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Table 14. Method 6010 Sample Holding Times, Required
Digestion Volumes, and Recommended Collection
Volumes for Metal Determinations

Dagesuon*  Collection
volume volume Holding
Measurement (mL) (mL) Preservative tames

Metals (except Cr 6 and Hg)

Total 100 600 HNO,; to pH 6 mo
recoverable <2
Dissolved 100 600 Filter on site 6 mo
HNO; to pH
<2
Suspended 100 600 Filter on site 6 mo
Total 100 600 HNO, to pH 6 mo
<2
Chromwum VI 100 400 Cool to 4°C 24 h
Mercury
Total 100 400 HNO, to pH 28 d
<2
Dassolved 100 400 Filter, HNO, 28d
to pH <2

*Solid samples should be at least 200 g and usually require no
preservatuon other than storing at 4°C
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Laboratory Analyses

IMPORTANCE OF QA/QC PROTOCOLS

A laboratory QA/QC program I1s an essential part
of a sound management system It should be used
to prevent, detect, and correct problems in the
measurement process and/or demonstrate attainment
of statistical control through quality control samples
The objective of QA/QC programs is to control analytical
measurement errors at levels acceplable to the data
user and to assure that the analytical results have a high
probability of acceptable quality

The data qualtty 1s ordinarily evaluated on the
basis of its uncertainty when compared with end-use
requirements If the data are consisten! and the
uncertainty is adequate for the intended use, the data
are considered to be of adequate quality When
analytical results are excessively variable or the level of
uncertainty exceeds the needs, the data may be of low
or inadequate quality The evaluation of data quality I1s
thus a relative determination What 1s high quality in one
situation could be unacceptable in another (39)

DEFINITIONS OF QA AND QC

Quality assurance has been described as a
system of activities that assures the producer or user of
a product or a service that defined standards of quality
with a stated level of confidence are met Quality control
differs in that #t I1s an overall system of activities that
controls the quality of a product or service so that it
meets the needs of users (39) In other words, QC
consists of the internal (technical), day-to-day activities,
such as use of QC check samples, spikes, elc, 10
control and assess the quality of the measurements,
while QA 1s the management system that ensures an
effective QC system 1s in place and working as intended

The objectives of a comprehensive QA program
(6) are to

e establish policies and protocols on laboratory quality
control
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CHAPTER 3

document QA methodology
e standardize data quality control
« provide guidelines for good laboratory practices

e establish a quantitative approach to determine
single/multiple operator and overall precision and
confidence intervals of analytical results

¢ make available data quality information documents
for clients and data users

e implement a mechanism for auditing laboratory
operations

e establish a framework for high calibre analytical
practices

e provide QC statements to support analytical
practices

SELECTION OF AN ANALYTICAL METHOD

Usually there are several methods available for
most environmental analytes of interest Some
analytes may have almost a dozen methods to select
from On the other hand, some analytes (including a
few on the list that are of interest to the National
Contaminated Stes Remediation Program) have none
in the latter case, this usually means that some of the
specific isomers that were selected as representative
compounds for environmental pollution have not been
verified to perform acceptably with any of the commonly
used methods

Often initial analyses may be performed with a
varniety of field methods that are used for screening The
purpose of using initial field screening methods Is to
decide if the level of pollution at a site Is high enough to
warrant more expensive (and more specific and
accurate) laboratory analyses Methods that screen for
a wide range of compounds, even if determined as



groups or homologues, are useful because they allow
more samples to be measured faster and more inexpen-
sively than with conventional laboratory analyses In
general, these less specific screening methods have not
been included In these guidelines because of the
preliminary nature of the data obtained from them
However, some of the methods included in this manual
are also applicable to field screening methods For
example, the gas chromatographic methods with flame
tonization detectors (1 e, SM-6410B), or electron
capture detectors (1e, SM-6420B and EPA-505), or
other selective detectors can be used with portable
instruments or with laboratory type instruments installed
in mobile laboratories  Under these condttions, analyses
are conducted on site and thus also qualfy as field
screening methods, but their accuracy can be
equivalent to that obtained in a conventional remote
laboratory

When there are multiple methods from which to
select, the principal considerations used to select the
most suitable one for the situation at hand include the
following

e availability of instrumentation
« confidence level needed

¢ sensitivity desired

e potential interferences

o applicability of the method for the matnix

This listing does not imply a prionity because
priorities of the above considerations will vary
depending on each specific situation

Certainly one of the first considerations must be
availlability of instrumentation If, for example, the
method selected requires a mass spectrometer for
analysis and the laboratory does not have that
instrument, then clearly either another method or
another laboratory must be selected In another
example, specific gas chromatographic columns may
be required, and if they are not available, then the choice
becomes one of delaying the analyses until the required
column can be obtained or using another column on
hand and venfying that all the analytes of interest
separate from each other and from any sample
interferences

Another early consideration involves the matrix for
which the method has been designed Some methods
are designed for aqueous matnices and others for solid
matrices (soils or sediments) Aqueous matrices
usually are subdivided into drinking water, raw source
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water for drinking water, and industnal wastewaters
The National Contaminated Sites Remediation
Program is specifically interested in surface water
(nvers, lakes, and streams) and groundwater samples
Both surface waters and groundwaters are sources for
drinking water, so all methods that mention raw source
waters should be applicable for either of these water
types in actualty, most methods differ in the applica-
tion for various matrices in sample preparation Once
a sample has been prepared correctly according to
matrix requirements, the instrumental analytical
protocols should be able to be used with proper verifi-
cation of precision and bias from most other related
methods

For example, dieldrin has methods that are appli-
cable for water samples, but not for soils or sediments
If soil or sediment samples were prepared for analysis
according to the sample extraction steps in EPA Method
8270B, then the extracts could be analyzed using the
instrumental conditions (GC column and mass spectro-
metnic tons) in Standard Method 6410B  However,
precision and bias (from sample preparation recovery
and method nterferences) would have to be docu-
mented using appropriate quality control samples
before the environmental samples could be analyzed

)

The selectivity of some methods 1s better than
others This will affect the degree of confidence i the
dentffication of specific analytes as well as the possbility
of false positive detections Note that there is an
important difference between detection and
identification Detection involves determining whether
a signal produced by using a specific method 1s from the
sample instead of being an artifact from instrumental
noise, background contamination, or other types of
interferences A signal that meets detection criteria and
that has the charactenstics of the analyle of interest
(e g. a peak 1n a gas chromatogram at the correct
retention time for that analyte) is often assumed to also
identify that analyte This 1s not necessarily frue,
multiple identification charactenstics are required for an
identification to be valid In the example above,
repeating the analyses using a different GC column, so
that a second and different retention time of the analyte
can be compared to a standard of i, Is one way to verify
an identification Another way to verify an identification
would be to check for the presence of characteristic ions
and ther ratios to one another f a mass spectrometer
was used as a detector

Sensitivity can be an important consideration
when concentration levels of the analytes of interest are
hkely to be very low Sensitivity will vary among
methods for most of the analytes Therefore, detector
selection is important for organic compounds and instru-
ment selection (e g , ICP versus direct aspiration atomic



absorption or electrothermal atomic absorption
instruments) is important for metals In the case of
detectors for organic compound analyses, sensitivity
and selectivity charactenstics must be weighed against
one another An expert system called the GC Advisor
(7) has been wntten based on rules deduced from
knowledge of the charactenstics of various detectors
and the Amenican Chemical Society Pnnciples of Envi-
ronmental Analysis (40) The expent system provides
advice on which detectors to select, based on answers
to questions about the users’ needs, i also summarizes
major advantages and disadvantages of each of the
candidate detectors

SELECTION OF AN ANALYTICAL LABORATORY

Environment Canada recommends the use of
laboratones certified by the Canadian Association for
Environmental Analytical Laboratories (CAEAL)
This nonprofit organization was formed in 1989 on
the initiative of a number of laboratories 1n govern-
ment and industry with the overall goal of improving
the quality of laboratory information necessary for
legislators and decision makers to develop effective
policies and regulations to protect Canada’s
environment

The three general objectives of CAEAL are as
follows

e 1o raise and continually improve the qualty of
laboratory analyses in Canada

e to provide a national forum for communication and
dialogue between laboratories

« to provide a variety of services to help the indus-
try in upgrading its product and competitiveness

Services offered by CAEAL include the provision
of QA/QC programs leading to certification/accredation
for member laboratones Certification I1s the formal
recognition by the association of the proficiency of an
environmental analytical laboratory to carry out specific
tests Formal recognition Is based on a screening of
laboratory capabiity and an evaluation of laboratory
performance Under this program, participating
laboratories are sent test samples at six-month inter-
vals for analyses Results are submitted to CAEAL
for evaluation

Although current performance evaluation (PE)
samples are limited, they are being expanded toinclude
addttional pollutants in water, and will eventually include
other important matrices
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CAEAL 1s also expanding tts program to include
not only the provision of test samples, but also site visits
1o observe the actual operations of laboratories
Protocols are being developed to conduct site visits by
qualified assessors Laboratones that successfully
meet the national standards associated with site Inspec-
tions and analyses of test samples will be granted
accreditation that will replace the certffication currently
offered

Membership 1n CAEAL 1s open to individuals,
institutions, user groups, consultants, industrial organi-
zations, regulatory agencies, standard matenals and
laboratory equipment suppliers, and others interested in
the work being carried out In environmental analytical
laboratones information on CAEAL may be obtained
from

Canadian Association for Environmental
Analytical Laboratories, Inc

Suite 532, 1 Nicholas Street

Ottawa, Ontario K1N 7B7

Telephone (613) 562-2200

Fax (613) 562-2203

A Practical Guide for Laboratory Analysis of Envi-
ronmental Samples 1s being prepared for CAEAL and
the Ontano Ministry of the Environment in support of the
Municipal/industnal Strategy for Abatement (MISA)
Program The guide will be available from CAEAL
Member laboratories will be encouraged to adhere to
the guidelines specified therein

IMPORTANCE OF COMMUNICATION BETWEEN
LABORATORY AND FIELD PERSONNEL

In the previous chapter, the relationship between
the methods that will be used for analysis of the
samples, the amount of sample to be collected, and
requirements for preservation and storage were
discussed The importance of this communication
between sampling and laboratory personnel becomes
obvious when the many different method summanes in
Volume Il are reviewed If the samples are not
coliected, preserved, and stored correctly before they
are analyzed, the analytical data may be compromised
because of uncertainties as to their validty If sufficient
sample amounts are not collected, the sensitivity
documented in the method will not be achieved Usually
the laboratory responsible for conducting the analysis is
also responsible for providing sample bottles, preser-
vation matenals, and explicit sample collection instruc-
tions because of the complexty of gatherng many
different fractions of a sample that is to be analyzed for
a potentially large variety of analytes



Analytical Method Summaries

RECOMMENDED ANALYTICAL METHODS

Usually there are multiple analytical methods for
most of the analytes of interest to the National Contami-
nated Stes Remediation Program (Table 15) However,
there are also some analytes for which there are no
known methods, these sometimes involve i1somers of
similar compounds for which there are verified methods

In selecting methods for recommendation to the
National Contaminated Sites Remediation Program, the
following critena were used

General Cnteria

In order for the recommended analytical methods
to be widely used by multiple laboratones, they must be
scientifically validated by peer review and published so
that they can be located easily by the user for further
detalls Although many unpublished methods are in
use, they are not readily available in published forrats
and may lack some of the important charactenstics,
such as QC requirements, MDLs, and expected accu-
racy and precision These methods and their sources
are histed in Volume il

Methods for Organic Compounds

Methods with highly selective detectors (e g,
mass spectrometers) were chosen In preference to
those with less selective detectors (electron capture,
photoionization, etc) Some non-mass spectrometnc
methods were selected to provide lower cost analyses
that are appropriate for monitoning situations Methods
that used capillary GC columns were generally selected
over those that used packed GC columns because of
the higher chromatographic resolution that capillary
columns have Methods that cover both solid and
aqueous matrices were selected over those that
covered one or the other Methods that cover both solls
and sediments or that cover both surface waters and
groundwaters were selected over those that covered
only one when there was a choice between methods
that covered solid matrices and others that covered
hquid matnces

CHAPTER 4

Methods for Metals

Methods for both atomic absorption (AA) and
argon plasma emission ({CP) spectrophotometric tech-
niques were selected when available Methods from
the Standard Methods for the Examination of Water and
Wastewater were selected over US EPA methods
when they were comparable because It 1s a more
conventient source for the full methods

MAJOR ANALYTE GROUPS

The analytes of interest to the National Contam-
nated Sites Remediation Program are divided into eight
major groups The arrangement of the analytes within
these groups does not always correspond to logical
groupings from an analytical viewpoint, thus in the
discussions below some redundancy s necessary In
order to keep discussions within the government's
pre-established framework for these analytes

The eight major analyte groups are as follows
e general variables
e norganic variables
» monocyclic aromatic hydrocarbons
¢ phenolic compounds
e polycyclic aromatic hydrocarbons
e chlonnated hydrocarbons
e pesticides
¢ miscellaneous organic parameters

Each of these groups 1s discussed below with
general comments on the applicability of the methods

selected for recommendation and any problems to be
noted In using them



Table 15 Analytes Covered by the National Contaminated Sites Remediation Program

General parameters
pH

conducuvity

sodium adsorption ratio

Inorganic parameters
anumony

arsenic

barium

berylhum

boron (hot water soluble)
cadmium
chromiuum (+6)
chromum (total)
cobalt

copper

cyanide (iree)
cyamde (total)
fluoride (total)
lead

mercury
molybdenum
nichel

selenum

silver

sulphur (elemental)
thallium

un

vanadium

ZINC

Monocyche daromatic
hydrocarbons
benzene
chlorobenzene
ethylbenzene
1.2-dichlorobenzene
1.3-dichlorobenzene

1 4-dichlorobenzene
styrene

toluene

xylene (unspecified mixture)

o-xylene
m-xylene
p-xylene

Polveychic aromatic
hydrocarbons (PAHs)
benzo(a)anthracene
benzo(a)pryene

benzo(b)fluoranthene
benzo(k)fluoranthene
dibenz(a,h)anthracene
indeno(1,2,3,-c,d)pyrene
naphthalene
phenanthrene

pyrene

Phenolic compounds
2.4-dumethylphenol
2.4-dimtrophenol
2-methyl-4 6-
dimitrophenol
2-mitrophenol
4-nitrophenol
phenol
cresol (unspecified
maxture)

2-cresol

3-cresol

4-cresol
2-chlorophenol
3-chiorophenol
4-chlorophenol
2,3-dichlorophenol
2,4-dichlorophenol
2.5-dichlorophenol
2,6-dichlorophenol
3,4-dichlorophenol
3.5-dichlorophenol
2.3 4-tnchlorophenol
2.3.5-trichlorophenol
2.3,6-tnchlorophenol
2.4,5-tnchiorophenol
2.4 6-trichlorophenol
3 4 S-inchlorophenol
2 3.4,5-1etrachiorophenol
2.3,4.6-tetrachlorophenol
2.3,5 6-tetrachlorophenol
pentachlorophenol

Miscellaneous organic

parameters

nonchlonnated aliphatcs
(each)

phthahc acid esters (each)
n-butyl benzyl phthalate
di-n-butyl phthalate
diethyl phthalate

bis(2-ethylhexyl) phthalate
dimethyl phthalate
di-n-octyl phthalate
quinoline
thiophene

Pesticides

aldrnn and dieldnn
chlordane

DDT

endrin

heptachlor (+metabolites)
Iindane
methoxychlor
carbaryl
carbofuran

2 4-D diazmon
parathion

diquat

paraquat

Chlorinated hydrocarbons
chloroform
1,1-dichloroethanc
1,2-dichloroethane
1.1-dichloroethene
cis-1,2-dichloroethene
trans- 1.2-dichloroethene
dichloromethane
1,2-dichloropropane
c1s-1,2-dichloropropene
rans-1,2-dichloropropene
1.1,2,2-tetrachloroethane
tetrachloroethene

carbon tetrachlonde
1,1.1-trichloroethane
1.1,2-tnchloroethane
tnchloroethene
1,2.3-tnichlorobenzene
1,2.4-tnchlorobenzene
1,2,5-tnchlorobenzene
1,3.5-tnchlorobenzene

1.2 3.4-tetrachlorobenzene
1,2.3.5-tetrachlorobenzene
1,2 4.6-tetrachlorobenzene
pentachlorobenzene
hexachlorobenzene
hexachlorocyclohexane
Aroclor 1242

Aroclor 1248




Table 15 (Cont.)

Aroclor 1254
Aroclor 1260
2.3,7,8-T,CDD
1.2,3,7.8-P.CDD
1.2.3.4,7.8-H,CDD
1.2 3,7.8,9-H.LLCDD
1.2.3,6,7,8-H.LCDD

0,CDD

1,23467,8-H,CDD

2.37.8-1,CDF
234 7.8-P.CDI
123,7.8-P.CDF
123.:478H,.CDF
1.2.3.7.8.9-H,CDF

1.2 3,6.7.8-HCDF
2.34.67.8-HCDF
1,2 3,4.6,7.8-H,CDF
1,2 3.4.7.8,9-H,CDF
O,CDF

General Variables

This group consists, not of individual analytes, but
of water quality parameters or physical property
attnbutes

Two instrumental methods were selected for pH
measurements EPA-8040A for aqueous samples and
EPA-8045A for soils and waste The latter should aiso
be satisfactory for sediment analysis, although
sediments are not specifically mentioned as a suitable
matnx

One conductivity method, EPA-9050A, was
selected for aqueous samples There are no methods
for specific conductance in soil and sediment samples
since the technique has application only to water
samples

Inorganic Vanables

Method EPA-6010A, an ICP (argon plasma
emission) method, i1s considered to be the most
generally useful method n that it covers 16 of the 24
analytes in this group (Table 15) and, furthermore, 1s
useful for both hquid and sohd samples Some methods
from Standard Methods for the Examination of Water
and Wastewater were selected for metals analyses In
water, these have the prefix SM in front of the method
number in the following discussions

SM-3111B 1s a direct aspiration atomic absorption
(AA) method commonly used for many of the metals in
water samples It i1s a complimentary method that uses
a thermoelectric (graphite furnace) source of energy
instead of a flame

SM-3120B 1s an ICP method that i1s analogous to
the EPA-6010A method described above except that,
uniike the EPA method, SM-3120B 1s imited to aqueous
samples
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Two other vanations on the atomic absorption
technique involve methods SM-3111D and SM-3114B
These methods are used for AA analysis of metals not
covered by the more widely applicable AA methods
described above (SM-3111B and SM-3113B) Banum,
berylium, molybdenum, and vanadium 1n water are
analyzed by SM-3111D, while arsenic and selenium in
water are analyzed by SM-3114B  Three cold vapour
methods are summanzed for the analysis of mercury
SM-3112B for mercury In surface or groundwater,
EPA-7470A for mercury in groundwater, and EPA
7471A for mercury in solls and sediments  Although
surface waters are not mentioned as a matnix for EPA-
7470A, it should perform just as well for lake, nver, and
stream samples as for groundwater samples if the same
sample preparation steps are followed

Total and amenable cyanides can be measured In
aqueous samples (including soil or waste leachates)
using EPA-9012 This 1s a colormetnic determination
that can be performed manually or be automated
Fluonde analytes in aqueous samples may be made
using EPA-340 2, which i1s a potentiometric method
using ion selective electrodes

Monocyclic Aromatic Hydrocarbons

EPA-8240B and EPA-8260A are the most
generally applicable methods for monocyclic aromatic
hydrocarbons because they cover all of them (Table 15)
in the four matnces of interest (surface water, ground-
water, soils, and sediments) Both use purge-and-trap
GC/MS techniques, the pnmary difference being that
EPA-8240B employs a packed GC column for separa-
tion of the compounds while EPA-8260A uses a high
resolution capillary column EPA-8240B 1s the only
method that analyzes specifically for xylenes as an
unspecified mixture because they are poorly resolved
using a packed column Ali of the other recommended
methods (EPA-524 2, EPA-502 2, and EPA-8260A) use
capillary columns whose superior resolution separates
all three xylene i1somers



EPA-524 2, mentioned above, will also provide
good analytical data using GC/MS with a capillary
columnn and low resolution mass spectrometry  Although
t is imited to aqueous samples, it may be the method
of choice over EPA-8260A when only water samples are
involved

EPA-502 2 1s recommended as a less expensive,
but also less specific method, that can be used for
monttoring situations, 1 e , the identity and presence of
the analytes of interest will aiready have been
established using one of the mass spectrometric
methods above and their continuing presence over time
can be monitored using less expensive analyses The
method uses a phototonization detector (PID) in series
with an electroconductivity detector (ELCD) and a high
resolution capillary GC column for compound separa-
tion The PID 1s used for detection of all the monocyclic
aromatic hydrocarbons of interest to the National
Contaminated Sites Remediation Program  As with the
other two mass spectrometric methods that use
capillary columns, the three xylene isomers are
measured individually so if data on only the total xylenes
in an unspecified mixture are needed, they can be
obtained by summation of the concentrations of the
individual xylene isomers  Additional applicable
methods for this group, discussed below, include
SM-6410B and EPA-8260

Phenolic Compounds

The phenolic compounds are divided into two
groups nonchlonnated (each) and chlorophenols
(each) There are 9 nonchlorinated phenols and 19
chlorophenols specified as analytes of interest (Table
15) The chiorophenols specify all of the isomers for
chlorophenol, dichlorophenol, trichlorophenol, and
tetrachlorophenol, plus the single pentachlorophenol
isomer The problem encountered during surveys of the
methods being used for these compounds with environ-
mental samples 1s that several of the chlorophenol
isomers and cresol are not usually analyzed, so there
are no specific data in any of the methods that involve
them Methodology is lacking for the following specific
chlorophenol iIsomers

e 3-chlorophenol
¢ 4-chlorophenol
+ 2.3-dichlorophenol
¢ 2 5-dichlorophenol
e 3.4-dichlorophenol

s 3 5-dichlorophenol
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e 2,3 4-tnchlorophenol
s 2,3,5-tnchlorophenol
e 2.3 6-tnchlorophenol
e 2.4,5-tnchiorophenol
e 3.4,5nchlorophenol
e 2,34 5tetrachlorophenol
e 2,35 6-tetrachlorophenol

Each of the methods described below s likely to
be acceptable for the analysis of the above chioro-
phenols and also the cresols However, these methods
must be validated for analysis of these phenols and
cresols

The most generally useful method for phenolic
compounds s EPA-8270B because it 1 applicable to
both aqueous and solid (sol/sediment) samples
Groundwater is listed specifically as an applicable
matrix 1n this method and, although surface waters are
not specifically histed, they will be equally applicable In
every respect with no exceptions The method uses
high resolution GC capiliary columns and low resolution
mass spectrometry It should be noted that fhis i1s the
only generally applicable method that is recommended
for use with soils and sediments

There are two additional methods that are
recommended for use with aqueous samples SM-6410B
and SM-6420B In many ways, SM-6410B Is similar to
EPA-8270B, but it 1s more imited inthat it uses a packed
GC column (with lower separation resolution) and #
covers only aqueous matrices For monitoring
purposes, SM-6420B may sometimes be useful ltalso
uses a packed column and 1s limited to water samples
The detectors may be either flame tonization (FID) or
electron capture (ECD) Both are very nonselective
detectors and the data will be subject to false positive
interferences ff the water samples have many compounds
in them If the samples are relatively noncomplex,
however, this method can provide economical
monitoring data The same caveat as discussed above
also applies even more strongly to the use of either of
these less selective methods for the phenolic
compounds for which there 1s no information, te,
complete method validation will be required for each
method before 1t can be used with these compounds

Cresol 1s a mixture of three i1somers 2-cresol,
3-cresol, and 4-cresol It 1s not specified whether total
cresol determinations are desired or whether analysis
of each of the isomers Is necessary



Polycyclic Aromatic Hydrocarbons

The National Contaminated Stes Remediation
Program includes nine specific compounds in the
polycyclic aromatic hydrocarbon group (Table 15)
EPA-8270B, discussed above, Is the most generally
applicable method because 1t covers all of the listed
compounds in both solid (solls/sediments) and aqueous
matrices SM-6410B, discussed above, also covers all
of these compounds, but is more limited in that it uses
apacked GC column and only applies to water samples
Although SM-6410B was developed for industnal
wastewater analyses, tt will be entirely applicable to
surface water and groundwater samples from contami-
nated sites

One of the compounds, naphthalene, may also be
analyzed using any of the following methods  EPA-524 2,
EPA-502 2, SM-6210D, or EPA-8260

Chlorinated Hydrocarbons

The largest group of compounds consists of 47
chiorinated hydrocarbons (Table 15) This 1s a diverse
group that consists of chiorinated aliphatics, chloroben-
zenes, PCBs, and chlorinated dioxins and furans
Because of the diverse nature of these compounds, no
single method i1s applicable to all of them

EPA-524 2 and EPA-502 2, discussed above, are
applicable to many of the volatile chlonnated hydrocar-
bons in water Likewise, EPA-8240B and EPA-8260
are applicable to many of these same compounds In
water, solls, and sediment samples EPA-8270B s
applicable to some of the less volatile chlorinated hydro-
carbons and also the selected PCBs (Aroclors 1242-
1260) in both aqueous and solid matrices Also,
SM-6410B 1s applicable to the PCBs, 1,2,4-trichloro-
benzene, and hexachlorobenzene It should be noted,
however, that only EPA-524 2 and EPA-502 2 are
applicable to cis-1,2-dichloroethene, so no validated
method exists for analysis of this compound in soils and
sedments Also, only EPA-8240B 1s applicable for
analysis of cis- and trans-1,2-dichioropropene in solils
and sediments, EPA-524 2 and EPA-502 2 may be
used for water samples, but not for soils or sediments

The chloninated dioxins and furans can all be
analyzed for in water, soil, and sediment samples using
EPA-8290 This method uses high resolution capillary
GC columns and high resolution mass spectrometry
Thus, 1t 1s very sensitive, very selective, very good, and
also more expensive than the other methods An alter-
native method, EPA-8280, may be used Because this
method uses high resolution capiliary GC columns with
low resolution mass spectrometry, it 1s less expensive
and more laboratories may have the required instrumen-
tation avallable However, one hexachloro-p-dioxin and
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five of the chlorinated furan isomers are not covered by
this method Therefore, EPA-8280 would have to be
validated for the analysis of these compounds

In addition to the problems mentioned above, six
chlorinated compounds are not covered by the above
methods

+ 1,2 5nchlorobenzene

e 1,3,5-tnchlorobenzene

¢ 12 3 4-tetrachlorobenzene
e 1,235 tetrachlorobenzene
o 1,24 6-tetrachlorobenzene
+ hexachlorocyclohexane

Although not specifically isted, the five chlorinated
benzenes come about from the designations “all
trichlorobenzene 1somers, all tetrachlorobenzene
isomers, and all pentachlorobenzene isomers "
There 1s only one pentachlorobenzene isomer, and
EPA-8270B covers it in both iquid and solid matrices
However, the five chlorinated benzene isomers and
hexachlorocyclohexane will have to be deleted from
the list of analytes or else they will have to be
validated by whatever methods are used (e g, EPA-
8270B, EPA-524 2, EPA-502 2, and/or SM-6410B)
Hexachlorocyclohexane has 22 isomers, one of them
(lindane) s also covered In the pesticide group
Therefore, if coverage of hexachlorocyclohexane can
be considered to be acceptable using lindane (the
most common and commercially used isomer),
then a separate listing for hexachlorocycio-
hexane in this group will not be necessary

Pesticides

The pesticides (Table 15) are another diverse
group of compounds from a molecular, and therefore
from an analytical, point of view Five of them may be
analyzed (in water samples only) using SM-6410B,
which was discussed above Nine of the pesticides may
be analyzed from either water, soil, or sediment
samples using EPA-8270B A number of the pesticide
methods cover only a few pesticides at a time and only
in a water matrix (e g , EPA-505, EPA-507, EPA-515 1,
EPA-531 1, etc)

Miscellaneous Organic Parameters

This group consists of nonchlorinated aliphatics
(each), phihalic acid esters (each), quinohne, and
thiophene The last two are individual compounds



However, there are hundreds of phthalic acid esters and
thousands of nonchlorinated alphatics

Since the phthalate esters were not specified, six
representative compounds were selected for which
methods exist and which are also commonly found in
environmental samples

o dimethyl phthalate

o diethyl phthalate

e di-n-butyi phthalate

) di-n-?ctyl phthalate

¢ bis(2-ethylhexyl) phthalate
¢ n-butyl benzyl phthalate

All of these compounds may be analyzed using
EPA-8270B for water, soll, and sediment samples or
using SM-6410B for surface water and groundwater
samples

The analysts of nonchlorinated aliphatics (each) 1s
a more difficult problem because of the vagueness of ts
defintion A clearer defintion must be made as to
specific representative compounds (e g, pentane,
hexane, heptane, octane, etc ), orto a nonspecific group
of compounds, such as total petroleum hydrocarbons,
before analytical methods can be recommended

SUMMARY

The recommended methods in this guidance
manual should not be viewed as restrictive, but rather
as preferable suggestions in the absence of reasons to
perform analyses in a different way Certainly the
purpose is to narrow the field of selected methods that
laboratories use from many to a few so that the resulting

information will be more comparable There may,
however, be mitigating circumstances that lead a
laboratory or a project director to select different
methods For example,

o Exploratory or field screening analyses may be
desired that are faster and cheaper than many of
the recommended methods in this manual These
may be appropriate when lower confidence levels
in the qualtative and/or quanttative data are accept-
able for DQOs

« New advances are being made In the areas of
sample preparation and analysis that may be more
efficient and cost effective under certain cases than
those used In the methods referenced here

- Microwave extraction techniques are being
evaluated for some metals analyses and, In
some matrices such as soils and sediments,
may soon be the preferred technique for some
sample preparations

- Microextraction techniques for some hydro-
phobic organic compounds (especially volatile
organics) may sometimes be preferable to the
conventional purge and trap techniques

Thus, users of this guidance manual should
consider the recommended methods herein as
preferential methods unless there are reasons 10 use
others When other methods or modifications are used,
if both the reasoning for a change and a clear documen-
tation of the methods used are recorded, then the data
produced from that study will, it is hoped, be able to be
compared In terms of confidence levels and DQOs to
data from other studies

Summaries of each of the selected methods are
described in Volume Il, which is available in hard copy
format or on a computer diskette



Data Management

QUALITY ASSURANCE PRACTICES

Qualty assurance practices in data management
involve a number of systematic processes and protocols
that are designed to provide a framework for providing
quality environmental measurements with a high
degree of credibilty In the previous chapters, require-
ments for the collection and analysts of samples from
various environmental matrices in order to obtain good
quality data are discussed When these operations
have been successfully carned out, the final step is the
overall management of the data

From the beginning of the sampling operation to
this stage, where the collected data undergo analysis,
evaluation, and interpretation, there must be clear and
precise documentation encompassing QA/QC guide-
hnes and principles covering every aspect of data
collection (3)

An appropnately designed and comprehensive
data quality assurance program can assist not only in
the evaluation of project-related data, but also in the
evaluation of the projects themselves, such as the
National Contaminated Sites Remediation Program
The elements of data management Involve the
foliowing

e data recording and documentation, which include
data custody and records involving transfer of data

e data validation, which includes completeness and
representativeness in addition to correctness

e data verification, which includes checking that all
the data are present and correct

+ data handiing, which includes data rounding and
treatment of significant figures

¢ data transmission, including electronic
transmission

e data evaluation, which includes interpretation, report-
ing by laboratories, and presentation in reports
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CHAPTERS

DATA RECORDING AND DOCUMENTATION

Data documentation should include the processes
used In the calculations and computations of the data,
corrections required, adjustment to standard
conditions, normalization of data, computer programs,
statistical procedures used to report data, method for
evaluating hmits of uncertainty, corrections for
systematic errors, and the source of all constants
used In calculations (3)

Data in the form of charts, instrument recordings,
and prnintouts should be given suitabie identification
numbers and maintained in a manner consistent with
good record-keeping practices  Laboratory record
books must refer to the location and identification of
such records In addtion, all calibratons and stand-
ardizations should be fully documented, and the data
should provide clear traceability to the calibra-
tions/standardizations to which they relate (3)

Systematic inspection and periodic review of note-
books and similar primary records will ensure the
general quality of therr contents Changes or revisions
of notebook entnes must be justified and documented
Any changes should be made by crossing out the
onginal entry and substituting the new value The
person making the change should initial the entry and
state why the change was made No erasures of
records or data should be permitied (3)

Records of equipment maintenance must also be
documented Routine maintenance may be indicated
by labels on the equipment Maintenance that results
in modification of equipment must be descnbed In
sufficient detall and recorded In the operation manual
for the particular equipment Likewise, field and labora-
tory records should be retained in permanent files,
bound notebooks are much preferred to looseleaf
notebooks (3)

Collecting supporting information (auxiiary data)
durning all phases of the measurement program Is an
excellent practice because it may become necessary to
use this information during the data interpretation
process



The following information may be considered as
auxiliary data

e data charts and printouts

¢ equipment performance records

e calibration records

e operation iogs

e environmental condtions prior to and during sampling
e measurement comparison records

o qualty control and system audi records

records of corrective actions

Auxihary data should be collected throughout the
measurement program and reviewed periodically
They are important in determining the validity of the
measurement program data For example, auxiliary or
support data could be used in deciding whether or not
an outlier 1s a vald value or an artfact (3) Unusual
condttions should always be recorded on the field data
reports

DATA CUSTODY AND TRANSFER

Data custody and transfer involve two distinct
forms today wntten or typed forms that may carry
signatures and be stored in file cabinets, and electronic
forms and data that will constitute elements of database
records and computerized files

The QA objectives for data custody are to ensure
that data-handiing operations follow well-organized
data management principles and procedures, and that
all relevant information appears in any files and/or data
bases that involve QC studies

The QA procedures for data custody should
include the following

« development of a chain-of-custody system for acquired
data, including electronic data communication links

e use of simple and explicit sample and laboratory
tracking forms

« mplementation of a procedure for authorizing
changes to QC data bases where corrections and
data changes are warranted
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o implemention of checks to ensure that the QC data
bases are always complete

The QA procedures for data transfer should
include the foliowing

« amechanism and schedule for data transfer in order
to ensure that the respective formats for data
reports and data tapes are suitable

o documentation of data transfer procedures and
schedules 1n a QC operational manual

« use of data recording forms and good data entry
procedures to ensure that correct and complete
data are recorded and transmitted through all
stages of the QC program

« complete and accurate transfer of data from and
through all stages of the sampling and analysis QC
programs

e establishment of procedures and protocols to
ensure and facilitate the transfer of data including a
data traceability mechanism for pinpointing the
location of any specific piece or block of data at any
given time

Addttional QC procedures for handling electronic
transmission of data are discussed later in the sections
entitied Data Handling and Data Transmission

DATA VALIDATION

Data valdation s an essential element of data
quality assurance It provides for reviewing a body of
data aganst a set of criteria so that assurance can be
made that the data of interest are adequate for their
intended use The validation process includes not only
the identification or flagging of questionable data, but
also the investigation of apparent anomalies Several
of the more important steps for data validation are briefly
summanzed below These are comprehensively
covered In a recent Environment Canada report (3)

Validation Checks

Validation checks for the data from a contaminated
site should include

e data identfication

e unusual events



o transmittal errors

¢ temporal continuity

o flagged or rejected data

e checks for errors in automatic data processing
« control charts

o sample consistency checks

* ion balances

Data Identification

Data identification includes such data entries as
dates of sampling and/or analysis, location, laboratory
identification, sample code numbers, analytical method
identifications, etc  The latter should also include the
identrfication of QC samples that were analyzed with a
set of environmental samples, the presence of method
detection imits, and data uncertainty intervals (+ or - values
bracketing the analytical data values)

Unusual Events

Unusual events include both sampling information
(such as inclement weather, ol slicks on the water being
sampled, elc ) and analytical information (such as
noting detenoration in GC peak resolution, a dirty 1on
source In the mass spectrometer, etc )

Transmittal Errors

For paperwork systems, simple checks should be
made to assure that the data have not been incorrectly
transferred from one paper (medium) to another With
electronic and computer data handling and with
telemetry of data, checks could be made to assure that
the data have not been changed in the transmission or
transfer process (3)

Temporal Continuity

Checks for continutty with respect to ime, such as
looking for breaks, discontinutties, or gaps, etc , should
be made

Flagged or Rejected Data

There should be a schemefor flagging questionable
data Thebasis for any data rejection should be centred
on several crtenia, which include numerncal errors,
round-off errors, anomalous values, onic imbalances,
mass imbalances, etc

61

Checks for Errors 1n Automatic Data Processing

These checks include internal, historical, and
parallel data consistency checks, pius routines that are
peculiar to data processing Processing errors are
usually caused by deficiencies in the computer programs
that manipulate the data files, perform mathematical
calculations and computations, and format the output
results A standard method of checking for processing
errors Is to make up a small but typical data set, perform
the appropniate data manipulations and calculations by
hand, and compare these results with the results from
the data processing system (3)

Control Charts

Control charts must be maintained in a real-time
mode to the greatest extent possible if they are to be
most effective in data validation This will allow respon-
sive corrective actions 1o be taken as soon as problems
are detected, and will also provide the possibility for
minimization of anomalous data ansing from out-of-control
operations (3)

Sample Consistency Checks

Sample consistency checks will help to determine
the validity of a given sample by investigating the rela-
tionships between the individual chemical species in the
sample They make use of the relationships between
measured and calculated parameters associated with so-
lution chemistry (3)

fon Balances

in any given sample, the theoretical sum of the
anions must equal that of the cations, when both are
similarly expressed in milliequivalents per ltre In prac-
tice, however, the sums are seldom equal because of
vanations in analysis This inequality increases as the
lonic concentration increases (3) Another source of
error In the 1onic balance equation may arise because
only the traditional major ions are considered Unless
all ions are measured (which is rarely done), there will
be errors in the values used for comparison

Completeness and Representativeness

Completeness is also a measure of valid data It
measures the amount of valid data obtained from a
measurement system, and i1s expressed as a percentage
of the number of valid measurements that were
planned An additional, complimentary measure 1S
representativeness of data Data representativeness
compares how closely the measured results reflect the
actual concentration of analyte distribution in the media
sampled Thus a study could have 100% data
completeness (all samples planned to be collected were



actually collected and found to be vaid), but the
results do not accurately reflect the analyte concen-
tration actually present For example, the
method might be biased or the sampiing points
might not be representative of the average distnbu-
tion 1n the media (3)

Data Comparability and Compatibility

Data comparabilty 1s based on the measure of
confidence with which one data set can be compared
with another, while data compatibility among data sets
relies on the likeness and consistency with which the
data sets being compared are acquired (similar sampling,
analyses, data procedures, and treatments, similar
QA/QC protocols, similar reporting data units, etc )

Data Review and Evaluation

Review and evaluation of the data are the final key
activities of data validation Review and evaluation of
data should be centred on a number of performance
indicators, such as the accuracy and precision with
which the data were gathered and the repre-
sentativeness and completeness of the assembled data
base or data package Data review and evaluation
operations should be structured to address aspects of
accuracy, precision, etc , and also to knk performance
indicators to the data qualtty objectives of the project (3)

DATA VERIFICATION

Verfication controls are required for data onginating
from sampling, field testing, and laboratory analysis
Data venfication checks must be conducted by field and
laboratory personnel before the data are sent out for
storage and, ultimately, to data users Any discrepancies
or errors found must be corrected before storage, and
the data must also be checked again when merged into
an existing data base The merging of field data with
laboratory data provides an additional quality assurance
check Any mismatch will indicate a sample loss or
data loss as a result of shipping or data transmittal
nefficiencies (3)

In selecting laboratories to perform analyses,
check to be sure that the laboratory data system Is
designed to incorporate comment codes into the results
reported for individual analyses For example, codes
must be available to indicate reasons for missing
parameters (e g, insufficient sample volume), results
invalidated at the laboratory (e g , calibration problems),
missing samples, nonpreserved samples, and data
reported at the detection imit of the analytical system
It 1s important that numerical values below the method
detection imit be reported with a flag rather than simply
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as "less than the detection mit" in order to facilitate data
manipulation routines (3)

When all the laboratory analyses (physical,
chemical, biological, and computational) have been
completed, and the laboratory data have been subjected
fo data validation procedures, further data vertfication
checks should be made before the data leave the
laboratory These checks consist of the following (3)

o venfying that a result 1s reported for each sample

o checking for transcription efrors by reviewing all
transcribed data

« spot-checking the laboratory data printout against
onginal field sheets

o ensuring that all laboratory checks of field QA/QC
are reported (e g, shipping temperature, sample
volumes, preservation, etc )

e ensurnng that any missing or invahd results are
explained (1 e , with comment codes)

The laboratory should also be responsible for
performing a number of QC checks on the field portion
of the monitoring program  These checks consist of the
foliowing (3)

« verifying sample labeling and matching field sheets
with samples

 ensuring that samples were submitted as recorded
in the sample log book (or computer sample reg istry)
and monitoring sample shipping (ime, temperature,
mode of shpping), sample condtion (leaks, contami-
nants), and sample volume (independent measure-
ment of sample volume)

« reporting any other comments that may be impor-
tant on the Sample Submission Form

In the final venfication step, the technical project
director 1s responsible for reviewing (and editing if
necessary) all data connected to a specific project or
program before those data are released or entered into
the final data base for subsequent data reporting and
analysis This review should consist of an investigation
of all data points that were flagged as a result of the
gross sample checks, data screening and data
validation checks, as well as an overall evaluation of the
data set In general, data should be rejected only In
clear cases of nonrepresentative or contaminated
samples Comparnison of the suspect data points to



related historical data could aid in the acceptance or
rejection decision process (3)

Personnel involved In the verification, evaluation,
or validation of data should also have the opportunity to
enter a set of comment codes (related to the sample
validity) to the data base to reflect the results of both the
data validation and data verification processes (3)

DATA HANDLING

in performing mathematical operations or calcu-
lations, the preferred protocol 1s for measured or
observed data to be recorded with as many numbers as
possible, rounding numbers should be deferred until all
calculations have been made and their statistical signifi-
cance has been evaluated The number of significant
figures 1s the number of digits remaining when the data
are so rounded The last digit, or at most the last two
digits, are expected to be the only ones that would be
subject to change on further expenmentation Thus, for
a measured value of 21 5, only the 5, and at most the
1 5, would be expected to be subject to change Such
data would be descnbed as having three significant
figures In counting significant figures, any zeros used
to locate a decimai point are not considered as signifi-
cant Thus, 0 0025 contains only two significant figures
Any zeros to the nght of the digits are considered
significant, thus, 2500 and 2501 each have four signifi-
cant figures  Only those that have significance should
be retained Zeros should not be added to the nght of
significant digits to define the magnitude of a value
unless they are significant, since this wouid confuse the
significance of the value For exampie, it 1s not good
practice to report a value as 2500 ng, but rather 2 5 mg
if the data are reliable to two significant figures The use
of exponential notation,e g, 35X 10%1s an acceptable
way to express both the number of significant figures
and the magnitude of a result (39)

If possible, and within the scope of desired results,
a number of measurements sufficient for statistical
treatment should be made Three measurements, as a
minimum, are recommended to calculate standard
deviations When no statistical treatment 1s made, an
explanation 1s necessary, including complete details of
the treatment of the data

Since laboratones generate data for their clients
(users of the data), they are not the final step in the data
use process, therefore, rounding performed by the
laboratory should attempt to preserve measurement
vanability A good rule 1s for a laboratory to retan at
least one significant figure beyond that known with
reasonable certainty Also, the laboratory should not
attempt to convey measurement uncertainty through
use of significant figures This information should be

provided In accompanying statements of precision and
accuracy The data user provides the final step in
presenting and working with data sets, so this 1s the
point at which rounding of data should occur (4)

The following rules for rounding data, consistent
with its significance, are recommended (39)

e When the digt immediately after the one to be
retained 1s less than 5, the retained figure I1s kept
unchanged For example, 2 541 becomes 2 51to
two significant figures

e When the digit immediately after the one to be
retained is greater than 5, the retained figure i1s
increased by 1 For example, 2 463 becomes 2 5
to two significant figures

e When the digit immediately after the one to be
retained Is exactly 5 and the retained digit is even,
it is left unchanged, but when it 1s exactly 5 and the
retained digit 1s odd, the retained digtt 1s increased
byone Forexample,3 450 becomes 3 4, but 3 550
becomes 3 6 to two significant figures

« When two or more figures are to the nght of the last
figure to be retained, they are constdered as a group
in rounding decision  Thus in 2 4501, the group 501
1s considered to be greater than 5, while for 2 5499,
the group 499 1s considered to be less than 5

DATA TRANSMISSION

Electronic data handling, data reduction, and data
storage systems are important parts of many analytical
systems They greatly facilitate data management and
control of errors due to misreading, faulty transcription,
or miscalculations However, the performance of the
data system in any participating laboratory should be
tested regularly to ensure that it is working properly and
correctly This should be done penodically by using
known data that have already been analyzed These
tests must have sufficient accuracy and precision to
provide a reliable examination of the data-handling
system (41)

The prncipal result of transmission errors Is the
loss or alteration of data A simple way to check for
transmission errors Is to transmit the data a second time
and then compare the two data streams Gaps and
alterations will immediately become apparent unless
the transmission error Is systematic (3) There 1s a
second type of transmission error, however, which can
be found only by comparing transmitted data to the
onginal data This involves the deletion during



transmission of certain noncommon alpha-numeric
characters that serve as notations and flags in data
reports (4) Examples of these symbols inciude >, <, ",
1.4 elc

The loss of these symbols during transmission of
data can be very signficant For example, <100 pg/L
can become 100 pg/L

DATA EVALUATION FOR INTERPRETATION

The end of this long process is the evaluation and
interpretation of all the data and the presentation ofthem
in a cohesive report so that others cannot only under-
stand the conclusions as stated, but can also make
interpretative evaluations of their own Part of a
reader’s interpretative evaluation will certainly include
the following

e acomparison between the data qualty objectives
and goals and the findings presented

e an evaluation of the QA/QC data or summary infor-
mation with the data and supporting information
presented

« an extrapolation of the information presented to
some form that will ulimately be useful

Few people read technical reports for the fun of it
Invariably, they will be searching for one or more parts
of t that will be useful in some way to their own personal
goals Also bear in mind that people with exactly
opposite goals will probably read most environmentally
related technical reports and attempt to find information
useful for their own purposes Therefore, It Is the
responsibility of the people who are involved In
evaluating, interpreting, and presenting the information
to do so as clearly and unambiguously as possible,
considenng the constraints of time and reasonable size
of reports  Although it 1s not necessary to exhaustively
provide all the data used In a report, it is very necessary
to be thorough in their description and use In drawing
up the conclusions presented in a report If someone
needs additional information (such as portions of the
raw data or portions of a data base), itcanbe requested
of the author later

DATA REPORTING BY LABORATORIES

Laboratory reports must contain sufficient data
and mnformation so that users of the conclusions (even
years later) can understand the interpretations from raw
data, without having to make therr own Unless this
objective 1s achieved, the samplers and analysts have

not done therr jobs properly Laboratory reports must
also clanfy which results, if any, have been corrected for
blank and recovery measurements Generally, correc-
tions for recovery are not made, but percent recovery
should always be reported where tt is involved  Any
other imitations should also be noted (4)

Raw data for each sample, along with data from
reagent blanks, controls, spiked samples, and all other
quality control samples, should be suttably identified it
included 1n laboratory reports I average values are
reported, an expression of the precision, including the
number of measurements, must be included Details of
the analytical results should be written with the standard
deviation and the mean They should show that the
averaging process accounts for sample heterogenety
as well as observed imprecision among replicate
measurements of homogenized samples (4)

Laboratories generate and perform QC checks on
individual measurements, they are reported as
individual analytical results and associated QC data
However, users usually compile these individual
measurements Into sets of data, and reports and
conclusions are generally made from these sets of data
Therefore, a laboratory i1s responsible for producing
individual test measurements with analytical systems
that are In statistical control and reporting that data with
a statement of their uncertainty interval This means
providing appropriate rounded or truncated data that
have a specffied uncertainty interval ( some percentage)
Uncertainty intervals may be quoted for an individual
analyte or, more often, for a specific method Labora-
tonies have the responsibility to provide this information
with every analytical report (4)

The data user should request these uncertainty
intervals from the laboratory if they are not provided,
because the responsibiltty for using and presenting final
data belongs with the user and not the laboratory The
user should seek help from the laboratory or another
source to determine what data to present in a report, but
the laboratory 1s not responsible for deciding whether or
not to give the user censored reports, the user should
request censored reports If these are desired (4)

Many environmental analytical laboratories today
subscribe to the practice of not reporting data less than
the method detection limit (MDL) or the mit of detection
(LOD) because data below these levels have very poor
statistical confidence (40) The National Water Qualtty
Laboratory (NWQL) takes the opposite position that a
laboratory 1s responsible for reporting all detectable
analyte concentrations, provided they are well defined
with appropriate levels of statistical confidence The
NWQL feels that a laboratory that takes the initiative to
censor and eliminate a certain amount of detected data
ts doing an Injustice to data users because these data,



irrespective of their level of statistical confidence,
may contain valuable environmental information This
same view Is held by both the Amencan Society for
Testing and Materials (42) and the Amencan Chemical
Society (4)

Proposed Definitions

There Is an active movement to revise the defini-
tion of MDL and to change the name from method
detection mit to method detection level Furthermore,
proposed new definitions of a reliable detection level
(RDL) and a reliable quantitation level (RQL) would
directly be denived from the method detection level The
RDL would be equal to twice the MDL and the RQL
would be four imes the MDL (1 e, twice the RDL)

The purpose of the proposed RDL is to deal with
the statistical probability of failing to detect an analyte
when 1t 1s present (1e, having an acceptably smal
percentage of false negatives) At the MDL, there 1s a
50% chance of a false negative determination assuming
a Gaussian distribution around an MDL selected at 3%
above zero or a blank analyte concentration However,
at twice the MDL, the probability of false negatives is
about equally as low as the nsk of false positives at the
MDL This is a much more reliable detection level, and
statisticians have given t various names In the past
Reliable detection level 1s recommended as an
unambiguous name that i1s recognizable by non-
statisticians for this concept by the ACS Subcommitiee
on Environmental Monitoring and Analysis (4)

The current commonly used defintion of method
detection mit (MDL) 1s the minimum concentration of a
substance that can be measured and reported with 99%
confidence that the analyte concentration is greaterthan
zero (43) As such, it does not take into account the
situation when there 1s a statistically significant back-
ground concentration of an analyte The latter situation
Is accommodated by the ACS term hmit of detection
(LOD), which is the mimmum concentration of a sub-
stance that can be determined to be statistically different
from a blank at a specified level of confidence (40)
These two defintions (MDL and LOD) are essentially
the same except one (MDL) uses zero as a reference
point and the other (LOD) uses a background signal as
a reference point  The proposed revised definition Is a
single defintion that accommodates both situations

Another serious problem with the current
commonly used definition of MDL 1s that the method
detection imit does not take matrix effects into
consideration Yet, most MDLs are dependent on the
sample matrix in addition to the method ntself (and
corresponding influences such as instrument and/or
operator variability) The resutt 1s an unrealistic use of
MDLs that often causes large analytical and regulatory
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problems These evolve from published MDLs where
the measurements are performed using reagent water,
but where regulatory decisions are based on real envi-
ronmental samples Because of matrnx and other
effects, the MDLs in environment samples are often
many times higher than the published MDLs (some-
times 10 000 times higher) To accommodate this
problem, an arbitrary set of muttiplication factors has
been promulgated for regulators  When multiphied by
one of these arbitrary factors, an MDL produces a
practical quantitation hmit (PQL) Practical quantitation
imits have been severely criticized as having very litle
technical basis for their selection However, PQLs were
created to try to accommodate the use of MDLs that
were incorrectly defined in the first place by omitting
matrix effects

The foliowing proposed draft definition of MDL has
attempted to correct each of the above deficiencies
The rewording of MDL will

o replace the word “limit" with "level"

e accommodate either zero or background signals of
an analyte as a reference point

o reflect statistically vanable confidence levels that
may be used as a basis for estimating the probability
of eiminating false positive detections

« take a representative matnx into consideration
when making analytical measurements

These proposed definttions, If widely adopted by
the scientific community, will affect the way that
laboratories report data from future analyses

Method Detection Leve! (MDL)

The MDL s the lowest concentration at which
individual measurement results for a specific analyte
are statistically different from a blank (that may be zero)
with a specified confidence level for a given method and
representative matrix An intralaboratory MDL estimate
represents the average detection capability of a single
laboratory for a specific analyte, method, and matrix at
a given point In time  An interlaboratory MDL estimate
represents the method detection capability for a specific
analyte and specific matrix determined 1n more than one
laboratory

Reliable Detection Level (RDL)

For a given MDL, method, and representative
matrix, a single analysis should consistently detect
analytes present at concentrations equal to or greater
than the RDL When sufficient data are available, the



RDL s the expenmentally determined concentration at
which false negative and false positive rates are spect-
fied Otherwise, the RDL is the concentration that 1s
twice that of the method detection level (RDL = 2x MDL)
The RDL 1s the lowest recommended level for qualta-
tive decisions based on ndividual measurements, and
it provides a much lower statistical probability of false
negative determinations than the MDL

Reliable Quantitation Level! (RQL)

The RQL 1s the lowest recommended level for
quantitative decisions based on individual measure-
ments for a given method and representative matrix
The RQL s the concentration that 1s two times the
reliable detection level (RQL =2 x RDL) This recognizes
that the RDL estimates produced at different times by
different operators for different representative matrices
will not often exceed the RQL

DATA PRESENTATION

Laboratories report data they generate from
analyses to users Data users interpret these data and
present them with discussion and/or interpretation in
documents, reports, summaries, etc  Guidelines for

Table 16. Guidelines for Laboratories
Reporting Data

Analyte

concentration Regions of

m units of G relauve reliability Report as

"Zero" No observed ND
signal (MDL = X)

<3¢ Region of high Y*
uncertanty MDL = X)
{(<MDL)

>30 Method detection Y
level (MDL) and (MDL = X)
above

Note "Zero” may be a negative value Or 1o

discernable detector response

o = Standard deviauon

Y = Reported sample concentrauon

X = Caiculated MDL
*Data below the MDL should be flagged The flag
notation varies and 1s not important, but the key to all
notations must always be mncluded
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reporting data by laboratories (based on these
distinctions) are given In Table 16 In using the table,
remember that the concentration levels indicated refer
1o interpretation of single measurements Users typically
work with data sets composed of several or many such
individual measurements (4)

The symbols “T* or “tr" for amounts and the term
“race” and similar statements of relative concentration
should be avoided because of the relative nature of such
terminology, the confusion surrounding 1t, and the
danger of ts misuse (40)

It must be emphasized that the MDL, RDL, and
RQL are not intnnsic constraints of the analytical
methodology They depend upon the precision
attainable by a specific laboratory, working with a
specific matnx, when using that methodology Thus,
MDLs, RDLs, and RQLs can be very diverse Unfortu-
nately, this basic fact generally 1s not considered when
evaluating environmental analytical data Many users
of analytical data are unaware of this caveat Published
values of MDLs must be considered only typical Each
laboratory reporting data must evaluate its own preci-
sion and estimate its own MDL, RDL, and RQL values
for analytes of interest for each type of matrx # analyzes
A common and acceptable alternative, when method-
specified imits are available (for example with many
EPA methods), Is to verify that each instrument can
meet or exceed these published limits  If a method has
any possible sensitivity to operator vanabilty, the instru-
ment and method vertfication should be performed by
each person who will use t Method sensitivity In this
context 1s defined as the rate of change In instrument
response to the change In analyte concentration (i e,
the slope of the calibration curve) (4)

There are also upper levels of reliable measure-
ments These vary from method to method and are a
function of a particular instrument’s detector response
to each specffic analyte At high concentration levels (a
term that is relative to each analyte and detector
considered), measurements will become nonlinear with
increasing concentration This is called the imit of
hnearity (LOL) and Is usually caused by the analyte
chemically or physically saturating the detector 4

The analytical chemist Is responsible for fully
descnbing and interpreting the data and reporting them
in an appropnate manner It must be remembered that
all users of those data will depend (perhaps years later)
on how clearly and thoroughly the data were recorded
and described Measurement results should also be
expressed so that their meaning is not distorted by the
reporting process The public at large s not able to
recognize that 10 000 ng/kg and 10 ug/kg are the same
in general, ng/kg (parts per bilion) are commonly
employed with most ambient environmental samples,



ng/kg (parts per trillion) are sometimes employed with
very low-level analytes in potable (dnnking) water and
human samples Since parts per million, billion, trillion,
etc, are less definitive than specific units of
measurement such as mg/L, pg/cm®, ng/kg, etc , the
use of these more specific units for expression of
concentration Is recommended (4)

Generally, analytical values from a laboratory
should be reporied as measured (uncorrected for
recovery) with full and complete supporting data
involving recovery experiments If the measurements
are reported as recovery-corrected, all calculations
and experimental data should be documented so that
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the oniginal uncorrected values can be derived if
desired In carrying out recovery studies, the analyst
should recognize that an analyte added to a blank
sample may behave differently (typically, showing
higher recovery) than that analyte in a test sample In
such cases, the method of standard addtion tends to
lead to erroneously low values (40)

Finally, f published methodology 1s used, it must
always be cited Any modifications, as well as any
new methodology techniques, new approaches in
making test sample measurements, or interpretations
of results, must be descrnibed in detail, including test
results and details of their validation
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Glossary

AA - atomic absorption spectrophotometry

accreditation - the formal recognition of the compe-
tence of an environmental analytical laboratory to
carry out specified tests Formal recognition is
based on an evaluation of laboratory capability
and performance, site inspections are utiized in
the evaluation of capabilty

accuracy - the agreement between the measured value
and the accepted or "true” value

adsorption - the surface retention of solid, iiquid, or gas
molecules, atoms, or ions by a solid or liqud
surface

ahquot - a representative sample from a larger quantity
of sample

analyte - the specific component or element measured
in a chemical analysis

analytical batch (set) - the basic unit for analytical
quality control  The analytical batch is defined as
samples that are analyzed together with the same
method sequence and the same lots of reagents
and with the manipulations common to each
sample within the same time period or in
continuous sequential ime periods Samples in
each batch should be of similar composition

analytical data set - data from an analytical batch that
includes environmental test samples and the
associated QC samples An analytical data set
stands on its own ments, if the QC samples are
unacceptable, then all the samples in the
analytical batch must be re-analyzed

analytical grade - a chemical with a level of punty high
enough to permit its use In precise analytical
determinations
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aquifer - a geological formation that contains enough
saturated permeable material to be capable of
yielding significant quantities of water to wells or

springs

area control sites - background (control) sites that are
farther away from the test sample sites than local
control stes  When sampling problems preclude
taking background samples from local control
sites, they should be as close as possibie to the
area where test samples are taken, e g, In the
same city

arthmetic mean - the sum of observations divided by
their number, also called "average”

atomic absorption spectrophotometry - an analysis
technique that uses the absorption spectra of
isolated atoms to determine elemental concen-
trations

background samples - matrices minus the analytes of
interest that are carried through all steps of the
analytical procedure They are used to provide a
reference for determining whether environmental
test sample results are significantly higher than
"unpoliuted" samples, which contain "zero®, low,
or acceptable levels of the analytes of interest
They are needed in order to attribute the presence
of analytes of interest to poliution rather thanto a
natural occurrence or to a previous occurrence of
the analytes of interest in the environmental
matrix All matrices, reagents, glassware, prepa-
rations, and instrumental analyses are included in
the analysis of background samples

bed material - the sediment mixture of which the bed
of the water body 1s composed

between-day precision - a measure of varability
among replicate analyses of a single sample, all



performed on different days, under identical con-
ditions

between-laboratory precision - the vanability
between results obtained on the same matenal in
different laboratories in interlaboratory analyses

bias - a systematic displacement of all the observations
on a sample from the true or accepted value, or a
systematic and constant error in test results

biodegradation - the process of destruction or minerali-
zation of ether natural or synthetic materials by
the microorganisms of solls, waters, or wastewa-
ter treatment systems

blank - the measured value obtained when a specified
component of a sample Is not present

blind samples - analysis conducted on specified
control samples where the expected values are
unknown to the analyst

blue ice - a synthetic glycol packaged In plastic bags
and frozen prior to sampling in order to provide a
convenient coolant for shipment of environmental
samples It is effective for maintaining cold tem-
peratures, but not for cooling samples from
ambient temperatures to preservation temperatures

bottom sediment - those sediments that make up the
bed of a body of running or still water

calibration - comparnison of a measurement standard
or instrument with another standard or instrument
in order to report or eliminate by adjustment any
variation (deviation) in the accuracy of the tem
being compared

calibration check - verfication of the efficacy of the
calibration process by analysis of a check sample
of known composition Calibration check solutions
are made from a stock solution that s different
from the stock used to prepare standards

calibration standards - solutions containing analytes
of interest at known and measurable concentra-
tons Many methods are multipoint calibration
where standards at three to five different concen-
trations are used to bracket the analyte concentra-
tions In the environmental samples
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certification - the formal recognition by the Canadian
Association for Environmental Analytical Labora-
tones of the proficiency of an environmental
analytical laboratory to carry out specified tests
Formal recognition I1s based on a screening of
laboratory capabiity and an evaluation of labora-
tory performance

coefficient of vanation (relative standard deviation)
- a measure of precision that Is caiculated as the
standard deviation of a set of values divided by the
average and usually multipled by 100 to be
expressed as a percentage

collocated samples - independent samples collected
in such a manner that they are equally repre-
sentative of the vanable(s) of interest at a given
point in space and time

composite sample - a sample obtained by mixing
several discrete samples or representative
portions thereof into one bottie

concentration - a measure of the amount of a
substance present per unit volume or per unit
weight of matenal

confidence lmit (interval) - that range of values
calculated from an estimate of the mean and the
standard dewviation that is expected to include the
population mean with a stated level of confidence
Confidence imits in the same context may also be
calculated for standard deviations, iines, slopes,
and points

confirmation - an expenmental process 1o assure that
the analytes In question have been detected and
measured acceptably and reliably

contamination - a foreign or unwanted matenal that
renders a sample unfit for meaningful analyses

control samples - an environmental sample or
simulated samples designed to help control the
analytical process by checking the acceptability of
some quality charactenstic These are often used
synonymously with QC check samples

correlation coefficient (r) - a measurement used to
express the degree of association between the
independent variable and the dependent varnable
The square of the correlation coefficient s called
the coefficient of determination



data audits - randomly selected data sets that are
checked for accurate and complete performance
They are commonly checked for documentation,
correct data entry, calculations, calibration, data
transcription, report format, and chain of custody

data quality objectives (DQO) - those desired
outcomes In which the collected data are accom-
panied with the best achievable and optimum data
quality parameters, such as precision, accuracy,
data completeness, and confidence imtt values,
that can be extracted from the monitoring system

density - mass per unit volume

depth-integrated sample - a sample that represents
the water-suspended sediment mixture throughout
the water column so that the contribution to the
sample from each point 1s proportional to the
stream velocity at that point

desorption - the release of ions, molecules, or atoms
from the surface of a solid

detection limit - the smallest concentration of a sub-
stance that can be reported as present with a
specified degree of precision and accuracy by a
specific analytical method

deterioration - a decline in the qualty of a sample over
a period of time due to improper preservation
techmques

dispersion - mixing of solutes at the interface between
two aqueous solutions

duplicate measurement - a second measurement
made on the same (or identical) sample of material
to assist in the evaluation of measurement
vanance

duplicate sample - a second sample randomly
selected from a population of interest to assist In
the evaluation of sample variance

electrolytic conductivity detector - a very sensitive
detector that can be made to be selective to either
halogen-, sulfur-, or nitrogen-containing com-
pounds by modifying the detector It has a good
linear range, but 1s complex, destroys the analytes,
and may be affected by acids, bases, or water In
the samples analyzed This detector Is also
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commonly called the Hall detector, so named after
Dr Randy Hall

electron capture detector - a very sensttive but non-
selective detector for pollutants that contamn
halogens or some hetero atoms This detector is
not affected by the presence of moisture and is
nondestructive However, It has a relatively small
linear range, its responses are not usually predict-
able from molecular structure, and its use may
requires a license

element - a chemical substance that cannot be sepa-
rated into substances of other kinds All atoms of
a chemical element have the same atomic num-
ber

environmental analytical laboratory - a laboratory
engaged in the physical, chemical, or biological
measurements of erther the receiving environment
or discharges to the receiving environment

environmental sample - a representative sample of
any environmental material (aqueous, nonaque-
ous, or mulimedia) collected from any source for
determination of composition or contamination

equipment blanks - samples of analyte-free media that
have been used to nnse the sampling equipment
They are used to document adequate decontami-
nation of sampling equipment after ts use

error - difference between the true or expected value
and the measured value or quantity of parameter

exploratory samples - initial survelllance samples
used to determine preliminary information about a
test site before the main sampling effort is started
Often these may be 10 to 15 percent of the total
samples collected and analyzed

external standards - reference matenal analyzed
separately from the environmental test samples
Usually external standards are analyzed before,
after, and often in between a set of environmental
test samples

false negative - a “type ll error", where the incorrect
decision is made that an analyte is not present (not
detected) when, in fact, it is present



false positive - a "type | error", where the incorrect
decision Is made that an analyte I1s present (is
detected) when, in fact, it 1s not present

field blanks - samples of analyte-free media similar to
the sample matnix that are transferred from one
vessel to another or exposed to the sampling
environment at the sampling ste They are used
to measure incidental or accidental contamination
of a sample during the whole process (sampling,
transport, sample preparation, and analysis)

flame i1onization detector - a sensitive, general
purpose detector for most organic compounds It
has as excellent lnear range and iow mainte-
nance, but poor sensitivity for halogenated com-
pounds and those that lack hydrocarbon
characteristics (e g, carbon monoxide, carbon
dioxide, and phosgene)

flame photometric detector - a detector that Is selec-
tive and sensitive for compounds containing sulfur
or phosphorus atoms However, It has rather poor
ineartty, destroys the analytes, and is relatively
complex to operate and maintain

flow proportional composite sample - a sample
obtained by (a) pumping continuously at a rate
proportional to the flow, (b) mixing equal volumes
of water collected at time intervals that are
inversely proportional to the volume of flow, or (c)
mixing volumes of water proportional to the flow
collected dunng or at regular time intervals This
sample will indicate a “flow" average water qualty
condition over the period of time of compositing

fluvial characteristics - of or pertaining to a river or
nvers, existing, growing, or living i or about a
stream or niver, produced by the action of a stream
or nver

gas chromatography - an analytical technique that
employs separation of components of a gas phase
mixture by passing the mixture through a column

grab sample - a sample taken at a selected location,
depth, and time

groundwater - all subsurface water that occurs
beneath the water table in rocks and geologic
formations that are fully saturated

73

heterogeneity - the condition in which a property of a
matenal 1s different at different locations within a
specified volume of space

homogeneity - the degree to which a property or sub-
stance 1s randomly and uniformly distributed
throughout a matenal

imprecision - random error in data

inductively coupled plasma emission spectrometry
(ICPES or ICPP) - a chemical analysis technique
that uses element-specific atomic line emission
spectra produced by a radio-frequency inductively
coupled plasma to measure elemental concentra-
tions

infiltration - the entry into an aquifer of water available
at the ground surface

instrument blanks - solvent or reagent blanks used
to measure interference or contamination from
an analytical instrument by cycling matnices con-
taining matenals that are normal to the analysis
(but minus the analytes of interest) through the
instrument

instrument detection imit - the smallest analyte
signal above background noises that an instrument
can detect It does not take into consideration
matnx or laboratory blank interferences

interlaboratory variability - the portion of the total
imprecision 1in measurement of data that 1s
attnbutable to between-laboratory variabilty It is
often quantitated through intertaboratory collabo-
rative testing or "round robin" studies

internal standards - reference matenal that 1s added
to environmental test samples before their prepa-
ration and analysis Internal standards are
subjected to the same laboratory procedures
and conditions as the analytes of Iinterest in the
samples

intralaboratory variability - that portion of the total
imprecision 1n measurement of data that is
aftributable to wrthin-laboratory variability It Is
often quantitated by measuring a common sample
repeatedly

judgmental sampling - samples collected on the basis
of prior history, visual assessment, or technical



judgement so that they will provide the best
probability for meeting a specific objective

Kemmerer sampler - a messenger-operated, vertical
point sampler for water-suspended sediment

laboratory blanks - analyte-free matnces used to
measure laboratory sources of contamination
(bias) 1in environmental analyses There are four
common types of laboratory blanks solvent
blanks, reagent blanks, glassware blanks, and
instrument (system) blanks

imit of detection - the lowest concentration that can
be determined to be statistically different from a
blank at a specified level of confidence Usually
the imit of detection 1s recommended to be three
standard deviations above the average leve! of a
well-charactenzed blank sample

hmit of inearity (LOL) - the upper concentration level
of rehiable measurements of analytes The LOL1s
usually reached when a detector becomes non-
linear with increase amounts of analytes being
measured

low-level bias - systematic error from artifacts or low-
level contamination commonly found i environ-
mental samples where analyses are conducted
near detection imits of modern methods

matenal blanks - samples of construction matenals
that are exposed to analyte-free water or solvents
They are used to document decontamination (or
measure antifacts) from use of these matenals in
wells and other types of construction where
environmental samples being gathered can be
contaminated with artfacts

matrix effects - systematic errors caused by the matrix
These include interferences with the analytes of
interest (these may result in false positives or false
negatives), incomplete recovery of analytes
during sample preparation (these may result in
false negatives), instability of analytes (these may
result in false negatives), biased blank correction
(these may result in false posttives or negatives),
and unrepresentative sampling (these may result
in false positives or negatives)

matrix spikes - samples to which predetermined
quantities of selected analytes are added prior to
sample preparation (extraction and digestion) and
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analysis Samples are split into duplicates,
spiked, and analyzed Percent recoveries are
calculated for each of the analytes detected The
difference between the samples is calculated and
used to assess analytical accuracy In terms of
recovery

measurement quality objectives (MQOs) - imits for
the uncertainty of specific measurements

method detection level (MDL) (proposed) - the lowest
concentration at which individual measurement
results for a specific analyte are statistically
different from a blank (that may be zero) with a
specified confidence level for a given method and
representative matnx

method validation - an expenimental process involving
external collaboration by other laboratories
(internal or external to an organization), methods,
or reference matenals to independently verify the
suttability of a method

method verification - an expenmental process used to
decide whether a method Is producing accurate
and reliable data It involves internal coliaboration
by the person or laboratory using a method it
essentially means that a method has been used
with a known sample and has provided data of
acceptable qualtty and quantity

multiple sampler - an instrument permitting the
collection of several water-suspended sediment
samples of equal or different volumes at each site,
simultaneously

nitrogen/phosphorus detector - a detector selective
and sensitive for compounds containing nitrogen
or phosphorus It destroys the analytes and may
have large analytical vanations with sensitivity

nonpoint waste source - a general, unconfined waste
discharge

normal level bias - systematic error measured at
“normal* working concentrations of analyses with
a given method, It 1s usually caused by systematic
operational errors and/or errors caused by the
analytical method protocols

performance audits - audits that use performance-
evaluation samples to quantitatively measure data
qualty These may Iindirectly evaluate the abilty



to meet DQOs by assessing accuracy of .data
measurements

performance evaluation (PE) sample - samples that
have been well charactenzed with respect to
known or expected quantitative measurement
results They are used to measure the accuracy
with which a laboratory can perform analyses
using very specific methods and criteria

pH - the negative log1o of the hydrogen ion activity in
solution Water with pH values between 0 and 7
1s acidic, with pH value of 7 1s neutral, and with pH
values between 7 and 14 1s alkaline

photoionization detector - a detector that Is selective
for and very sensitive to aromatic and unsaturated
organic compounds It has low maintenance,
excellent linear range, and does not destroy the
analytes However, It responds to a relatively
imited number of compounds and its responses
are dfficult to predict from molecular structures

point waste source - any discernible, confined, and
discrete conveyance, such as any pipe, dich,
channel, tunnel, or conduit, from which poliutants
are discharged

pollution - the condition caused by the presence of
substances of such character and in such quanti-
ties that the quality of the environment is impaired

population - a generic term denoting any finite or
infinte collection of individual things, objects, or
events in the broadest concept

porous - containing interstices, voids, pores, and other
openings that may or may not interconnect

precipitate - solids that form from a gas or an aqueous
solution as the result of a chemical reaction

precipitation - the process of forming a solid from an
aqueous solution or a gas

precision - denotes the agreement between the numen-
cal values of two or more measurements on the
same homogeneous sample made under the
same condtions The term i1s used to describe the
reproducibility of the measurement or method It
can be expressed by the standard dewviation

preservative - a substance added 1o the sample in
order to maintain a given component or compo-
nents In a particular state, 1e, to mamiain the
oniginal integrity of the sample

probability - the likelihood of the occurrence of any
particular form of an event, estimated as the ratio
of the number of ways or times that the event may
occur in that form to the total number of ways that
it could occur in any form

procedure - a set of systematic instructions for using
a method of measurement or sampling, the steps
or operations associated with sampling and
analyses

protocol - a procedure specified to be used when
performing a measurement or related operations,
as a condtion to obtain results that could be
acceptable to the specifier

QC check samples - certified standards, usually supplied
by a source independent from the laboratory using
them, consisting of a blank spiked with the
analyte(s) from an independent source, in order to
monitor the execution of an analytical method

quality assurance (QA) - relates to a system of
activities whose purpose Is to provide the producer
or user of a product (e g, data) or a service the
assurance that the product or service meets
defined standards of qualty It consists of two
separate but related activities quality control
and qualty assessment The qualty assurance
process Includes documentation of procedures,
identification of cntical points within the data
collection activities that require monrtonng by
quality control procedures, the level of qualty
achieved, problems encountered, and corrective
actions undertaken

quality assessment - the overall system of activities
whose purpose Is to provide assurance that the
quality control activities are being carned out
effectively It involves a continuing evaluation of
performance of the data-producing systems and
the quality of the data produced

quality control (QC) - the overall system of activities
whose purpose Is to control the quality of a product
(e g , data) or service so that it meets the needs of
users The aim is to provide quality that i1s satis-
factory, adequate, dependable, and economical



random etror - errors due to chance or uncontrollable
situations Examples are vanation In reagent
addition, mnstrument response, and inadvertent
contamination of samples

random sample - a sample selected from a population
using a randomization process

random sampling - selecting a sample from a popula-
tion 1n such a manner that each sample has an
equal chance of being selected

range - the difference between the lowest and highest
values In a set of data

reagent blank - aliquots of the analyte-free reagents
used to prepare test samples

recovery - a measure of the amount of an analyte of
interest that has been added to an environmental
test sample and, after sample preparation, analyzed
Recovery is usually expressed in terms of percent
Recovery is influenced by the analyte’s concentra-
tion, sample matrix, and time of sample storage
before analysts

reference material (RM) - a material or substance
possessing one or more properties that are suffi-
ciently well established to be used for the calibra-
tion of an apparatus, the assessment of a
measurement method, or the assignment of
values to materials

region of certain detection - the region above the
reliable detection level

region of certain quantitation - the region from the
reliable quantitation level to the mit of inearty of
a detector

region of high uncertainty - the regton from zero or
the average well-charactenzed signal from a matrix
or method blank to the method detection level

region of less certain detection - the region between
the method detection level and the reliable detec-
tion level

region of less certain quantitation - the region
between the reliable quantitation level and the
reliable detection level
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relative standard dewviation - a value obtained by
multiplying the coefficient of variation by 100%

reliable detection level (RDL) (proposed) - when
sufficient data are avaiable, the RDL s the
expenmentally determined concentration at which
false negative and false positive rates are
specifled Otherwise, the RDL 1s the concentra-
tion that 1s twice that of the method detection level
(RDL=2xMDL) The RDL is the recommended
lowest level for qualitative decisions based on
individual measurements, and it provides a much
lower statistical probability of false negative
determinations than the MDL

reliable quantitation level (RQL) (proposed) - the
concentration that is two times the reliable
detection level (RQL =2 x RDL) The RQL s the
recommended lowest level for quantitative
decisions based on individual measurements for
a given method and representative matrix

repeatability - the precision, usually expressed as a
standard deviation, that measures the variabilty
among results of measurements at different imes
on the same sample at the same laboratory

replicate analyses - identical analyses carried out on
the same sample multiple tmes They measure
only within-laboratory precision

replicates - repeated but independent determination
on the same sample by the same analyst at
essentially the same time and under the same
conditions

replicate samples - samples that are identical or very
similar and are collected and analyzed exactly the
sameway Often, replicate samples are prepared
by dividing a sample into two or more separate
aliquots Duplicate samples are considered to be
two replicates, triplicate samples are three repli-
cates, etc Replicate samples are used 10
measure the overall precision of the sampling and
analytical methods used

representative sample - a subset or group of objects,
quantities, or parts selected from a larger set
designated as a lot or population so that each
selected subset has the defined characteristics of
the whole population



reproducibility - the precision, usually expressed as a
standard deviation, that measures the vanabilty
among results of measurements of the same
sample at different laboratories

residue - matenial that remains after gases, liquids, and
some solids have been removed, usually by
heating up the sample at a specified temperature
for a specified period of time

safety - a quality of being devod of whatever exposes
one to danger or harm, freedom from danger or
hazards

sediment - fragmental soil matenal that onginates from
weathering of rocks and s transported or
deposited by air, water, or ice, or that accumulates
by other processes, such as chemical precipitation
from solution or secretion by organisms Theterm
1s usually applied to matenal held in suspension in
water or recently deposited from suspension and
to all kinds of deposits, essentially of unconsolt-
dated materials

sediment sample - a quantity of water-sediment
mixture or deposited sediment collected to
characterize its properties

sensitivity - the ability of an analytical method to detect
small quantities of the measured component (it
has no numerical value) Alternatively, sensitivity
can be regarded as the change in measured value
resulting from a concentration change of one unit

sequential composite sample - a sampie obtained
erther by continuously pumping water or by mixing
equal volumes of water collected at regular time
intervals This sample will indicate an average
water qualtty condition over the period of ime of
compositing

solvent blanks - blanks consisting only of the solvent
used to dilute or extract a sample They are used
to identify and/or correct for signals produced by
the solvent or by impurities in the solvent

species - a chemical entity such as an 1on, a molecule,
an atom, or an uncharged ion pair

specific gravity - the ratio of the density of a matenal
1o the density of water at a stated temperature

spectrophotometry - a chemical analysis technique
that involves measuring the relative intensities of
iight within narrowly defined wavelength bands

spiked field blanks - field blanks fortified with known
amounts of the analytes of interest They are used
to estimate bias that both sampling and the sample
matrix may introduce The most common bias
caused by the sample matrix Is incomplete
recovery of analytes of interest during sample
preparation

spiked laboratory blanks - laboratory blanks fortified
with known amounts of the analytes of interest
They are used to estimate bias from all laboratory
sources including glassware, solvents, reagents,
calibration standards, instruments, etc

spiked test samples - fortfied test samples used to
measure effects thal the sample matrix may have
on the analytical methods (usually analyte
recovery)

split sample - a single sample separated into two or
more parts such that each part is representative of
the original sample

standard - a substance or material, the properties of
which are believed to be known with sufficient
accuracy to permit its use to evaluate the same
property of another In chemical measurements,
t often describes a solution or substance, commonly
prepared by the analyst, to establish a calibration
curve, or the analytical response function of the
instrument

standard addition - a procedure where different known
amounts of analytes are added to an environ-
mental test sample after it has been first analyzed
without such addition Re-analysis of the test
sample I1s conducted after one or more standard
additions are performed

standard curve - a plot of multiple concentrations of a
known analyte standard versus an instrument
response to that analyte

standard deviation - a measurement of the dispersion
or spread of data points around the mean value of
the data set obtaned by repetitive testing of a
homogeneous sample under specified conditions
It 1s calculated from the square root of the vanance
of a set of values



standard method - a method (or procedure) of testing
developed by a standards-writing organization,
based on consensus opinion or other criteria, and
often evaluated for its reliability by a collaborative
testing procedure

statistical control - when the variability of a measure-
ment system is due only to chance causes

statistics - the process of collecting numerical informa-
tion (data), analyzing it, and making meaningful
decisions based on the results of those analyses

subsample - a portion taken from a sample A labora-
tory sample may be a subsample of a gross
sample, similarly, a test portion may be a sub-
sample of a laboratory sample

surface water - natural water bodies, such as rivers,
streams, brooks, and lakes, as well as artfficial
water courses, such as ingation, industnal, and
navigational canals, in direct contact with the
atmosphere

surrogates - organic compounds that are similar to
analytes of interest in chemical composition,
extraction, and/or chromatographic properties, but
which are not normally found in environmental
samples These compounds are spiked into all
blanks, standards, samples, and spiked samples
prior to analysis Percent recoveries are
calculated for each surrogate

suspended sediment - constituents of an unacidified
water sample retained by a 0 45-um membrane
filter, can impart a cloudy appearance to a sample

systematic errors - errors that can, at least in pninciple,
be ascnbed to definite causes and that contribute
a constant error or bias to resuits

system audits - quaitative reviews to assess whether
all prescribed methods and procedures In
sampling and analysis plans are being used
appropriately and as planned

systematic sampling - samples collected on the basis
of a consistent grid or pattern over a selected
sampling area

technique - a physical or chemical principle utilized
separately or in combination with other tech-
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niquesto determine the composition (analysis) of
matenals

Teflon®- a human-made plastic matenal inert to all
chemical reagents except moiten alkali metals It
1s used for laboratory and field equipment

traceability - the abilty to trace the source of uncer-
tainty of a measurement or a measured value or
of a source of an analytical standard

trip blanks - samples of analyte-free media taken from
the laboratory to the sampling site and returned to
the laboratory unopened They are used to
measure cross-contamination from the container
and preservative during transport, field handling,
and storage

type | error - rejecting a true or null hypothesis in favour
of the alternative hypothesis This is also called
an alpha (o) error or false positive

type Il error - failure to reject tne null hypothesis in
favour of the alternative hypothesis This is also
called a beta (B) error or false negative

uncertainty - the range of values within which the true
value 1s estimated to e It 1s a best estimate of
possible naccuracy due to both random and
systematic errors

UV - ultraviolet

validation - the process by which a sample, measure-
ment method, or data is deemed to be useful for

a specified purpose

Van Dorn sampler - a messenger-operated, water-
suspended sediment point sampler used to collect
samples at a specified depth The long axis of the
cylinder can be lowered erther horizontally or ver-
tically

vanance - standard deviation squared Vanance is
useful In estimating sampling imprecision, a
numencal estimate of sampling imprecision Is
obtained by subtracting vaniance of the measure-
ments from laboratory sources from variance of
the measurements from overall sources (both
sampling and analytical components)

VOA - volatile organic analysis (or analyzer or analyte)
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