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National Contaminated Sites Remediation Program
Guidance Manual for Sampling, Analysis, and Data Management

- ABSTRACT

This document is one of a series of technical support documents being prepared under the
Canadian Council of Ministers of the Environment’s National Contaminated Sites

‘Remediation Program. Use of this manual will provide a consistent approach to sampling,

analysis, and data management from contaminated sites on a national basis. The two
primary objectives of this document are:

o To provide guidance for sampling and analysis of complex
environmental matrices, such that the data obtained will be
representative and of known quality; and

o 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 more consistent and comparable.

Throughout the document, the significance of QA/QC and planning is stressed. Another
theme emphasized is the interdependence of sampling, analysis, and data management
objectives on the planning and execution of tasks within each of these three areas. The
focus of the document revolves around specific analytes identified in the CCME’s, "Interim
Environmental Quality Criteria for Contaminated Sites", which were published in September
of 1991. :

In Volume 1, Chapter 1 generally introduces the subject matter covered in this document,
Chapter 2 is devoted to the principles and problems involved with obtaining representative
samples from the four matrices, viz. soils, sediments, surface waters and groundwater.
Topics include problems unique to each matrix, considerations in obtaining representative
samples, selecting sampling locations and equipment, and preserving samples after they have
been collected. ' '

Chapter 3 provides a brief discussion of the criteria that are important in selecting
appropriate analytical methods. In Chapter 4, the criteria for selecting analytical methods
are described. Chapter S discusses data management. This includes topics such as data
recording and documentation, data custody and transfer, data validation, completeness,
comparability, compatibility, review, verification, handling and transmission. A final section

- addresses data reporting by laboratories and data presentation in final Teports.

Chapter 6 lists all the references that have been used in the compi_lation of this document.
A glossary of scientific terms used is included in the Appendix. Also, included in the



Appendix is a list of unpublished analytical methods that are used by various federal
provincial and commercial laboratories,

In Volume 2, method summaries are provided for the analytes in a consistent format which
identifies all the information needed to make a decision as to whether to use that method
in preference to another, and if so, what major analytical instrumentation would be required.
/A complete description of each method is provided including sample preparation, potenual '
interferences, QC requirements, comments on use, and, where applicable, comparison with
other methods. For detailed information, however, users are recommended to look-up the
original references. This Volume is available in hard copy format, or on a computer
diskette. ' -
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Chapter 1 - Introduction

Background and Objectives of the

National Contaminated Sites Remediation Program .

The National Contaminated Sites Remediation Program was established in

October of 1989 by the Canadian Council of Ministers of the Environment to deal with

contaminated sites in Canada. The program has essentially three main objectives:

o to apply the "polluter pays" principle to the clean-up of contarmnated
sites;
J to clean-up high-risk orphan sites, i.e., the sites where the responsible

parties for the contamination of the site cannot be 1dent1ﬁed and/or
unable to pay for the clean-up; and

e to work with industry to stimulate the development and demonstrauon
of new and innovative clean-up technologies.

The progi'am operates on a cost-shared S-year $250 million budget based on
matching funding by the federal government and the provincial/ territorial governments. Of
the total amount, $200 million will be directed to the remediation of orphan high-risk

contaminated sites, and the remaining $50 million will be used to develop and demonstrate

new remediation technologies.

In the first year of the program, two major activities were begun in support
of a consistent national approach to dealing with contaminated sites. Those activities were

the development of a National Classification System and the development of Interim

- Environmental Quality Criteria. Both of these provide information which is important to

the organization of this document, particularly the latter upon which the analytical groupings

of contaminants are based (Table 1).
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The CCME National Classification System' will be used to classify
contaminated sites 'into‘ three broad categories of concern acéording to their level of risk.
A site is designated hig‘h-r‘isk‘ when site contamination"is such that it 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. The other two categories will be assigned lower
priority in clean-up. |

The Interim Canadian Envifonmental Quality Criterid establishes numerical

limits for the assessment and remediationi of soil ahd water based on the safe use of
reclaimed land for agricultural, residential/parkland and commefcial/industfial purposes.
They are based on a review of existing criteria used by the Canadian provincial/territorial
jurisdictions. These criteria also include the Canadian Water Q\iality Guidelines (CCREM
- 1987), and Guidelines for Canadian Drinking Water Qﬁaliﬂty (Héalth and Welfare Canada

1989) for specified uses of water likely of concern at the contaminated sites.

» The guidance provided concerning sampling, analysis, and data management
_ in this manual represents a further integral step towards development of a consistent
national approach to dealing with contaminated sites in Canada. The two primary objectives

of this document are:

- (i) To provide guidance for sémpling and analysis of complex
‘ environmental matrices in such a way that the data obtained will be

representative and of known quality; and

, _
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Table 1 Target Analytes for the National Contaminated

Sites Remediation Program

General Parameters

pH
conductivity

sodlum adsorption ratio

Inorganic Parameters

antimony
arsenic

- barlum

beryiilum

boron (hot water soluble)

cadmium
chromium (+6)
chromium (totaf)
cobalt

copper

cyanide (free)
cyanide (total)
fluoride (total)
lead

mercury
molybdenum
nickel

selenium

sliver

sulphur (elemental)
thallium

tin.

vanadium

zine

Monocycile Aromatic

Hydrocarbons

benzene
chlorobenzene
ethylbenzene
1,2=dichlorobenzene

- 1,3<dichiorobenzene

1,4-dichlorobenzene
styrene

toluene

Xylene

non-chlorinated’ (each)
chiorophenols? (each)

Polycyclic Aromatic
Hydrocarbons (PAHs)

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fiuoranthene
benzo(k)fluoranthene
dibenz(a;h)anthracene
Indeno(1,2,3-¢,d)pyrene
naphthalene
phenanthrene

pyrene

Chiorinated Hydrocarbons

chiorinated allphatics®(each)
chiorobenzenes*(each)
hexachlorobenzene
hexachlorocyciohexane
PCBs*®

PCDDs and PCDFs*®

Pesticides

aldrin and dieldrin
chlordane

DDT

endrin

heptachlor (+metabolites)
lindane
methoxychlor
carbaryl
carbofuran

2,4-D

diazinon

parathion

diquat

paraquat

" 2 Chiorophenols Include:

Non-¢hlorinated phenolic compounds include:
nitrophenol (2-, 4~), phenol, cresol.

chlorophenol Isomers (ortho, meta,

2,4-dimethylphenol; 2,4-dinitrophenol, 2-methyi-4,6-dinitrophenol,

. para), dichlorophenols (2,6~ 2,5- 2,4- 35- 2,3- 3,4-),
: tﬂchlorophen_ols (2,4,6- 2,3,6- 2,4,5- 2,3,5- 2,3,4- 3,4,5~), tetrachlorophenols (2,3,5,6- 2,3,4,5- 2,3,4,6-), pentachiorophenol.

* Allphatic chlorinated hydrocarbons inciude: chioroform, dichloroethane (1,1~ 1,2-); dichloroethene (1,1~ 1,2-);

dichloromethane; 1,2-dichloropropane, 1,2-dichioropropene (cis and trans); 1,1

carbon tetrachloride; trichioroethane (1,1,1~ 1,1,2-), tfichloroethene.

2,2-tetrachloroethane, tetrachioroethene;

* Chiorobenzenes include: all trichlorobenzene isomers; ail tetrachlorobenzene isomers; pentachiorobenzene.

® PCBs includes mixtures 1242, 1248, 1254, and 1260.

® PCDDs and PCDFs:

2,3,7,8-T,CDD
1,2.3,7,8-P,COD
1,2,3,4,7,8-H,CDD
1,2,3,7,8,9-H,CDD
1,2,3,6,7,8-H,COD
1,2,3,4,6,7,8-H,CDD
0,C0D

2,3,7,8-T,CDF
2,3,4,7,8-P,CDF
1,2,3,7,8-P,COF
1,2,3,4,7,8-H,CDF
1,2,3,7,8,9-H,COF

"1,2,3,6,7,8-H,CDF
2,3,4,6,7,8-H,COF
1,2,3,4,6,7,8-H,CDF
1,2,3,4,7,8,9-H,CDF
O,CDF
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(ii)  To reduce selection of the many available methods in use to a few of
- the best so that future analytical data from various laboratories will be
more consistent and comparable.

‘Data Quality Objectives

Data quality objectives (DQOs) are an important aspect of Quality Assurance

(QA) for the em-ire’process from collecting and analyzing samples to the data processing

and reportin_g. DQOs 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 variability (uncertainty or error) that can be tolerated in the
data. Limits of varidbility must be incorporated into the sampling and analysis plan and are

achieved by using detailed sampling and analysis protocols. DQOs differ from measurement

quality objectives (such as precision and accuraéy) in that they are limits for the overall

uncertainty of results, while the latter are only limits for the uncertainty of specific

measurements.*

Data Quality Objectives can be qualitative or quantitative. Qualitative DQOs
are specific déscript_ions 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 qua-n_titaﬁve terms. These
may include standard deviations, relat‘ive standard deviations, percent recovery, relative.
percent difference, and concentration.’ - Often, desired data quality objectives must be

balanced against the cost of sampling and analysis, and more realistic objectives must be

~ established with concurrence of the data users. Three factors that most influence the cost

of sampling are (1) site location and accessibility to sampling points, (2) the numbers, kind,

complexity, and size of samples to be collected, and (3) the frequency of sampling. The

extent to which these factors will influence cost depends on particular aspects of each

sarripling project.

) ; . y
| E i T _ !
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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 detérmine the level of assurance necessary to support the

decision, an iterative process should be used by decision makers and project planners.

N Data Quality Objectives are the full set of c.onstra-int;s needed to design a
study, including a specification of the level of uncértainty that a data user is willing to accept
in the decision. DQOs are developed using a procéss that encourages the sequential
consideration of relevant issues. Figure 1 shows the principal stages in'the DQO process’?
Each of the stages resuits in an important criterion (of ’product’) for the study that

describes:

° The problem to be resolved at the site;

o The decision needed to resolve the problem;
° The inputs to the deéision;
° The boundaries of the study;
o The decision rule; and
e The uncertainty constrain'ts.

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’ There are several benefits to establishing DQOs:

e The data genérated are of known quality.

° . DQOs help data users plan for uncertainty. All projects have some
inherent degree of uncertainty. By establishing DQOs, data users
evaluate the consequences of uncertainty and specify constraints on the
amount of uncertainty they can tolerate in the expected study results.
The likelihood of an incorrect decision is estimated @ priori.



IDENTIFY INPUTS TO THE DECISION

NARROW THE BOUNDARIES OF THE STUDY

DEVELOP A DECISION RULE

DEVELOP UNCERTAINTY CONSTRAINTS

OPTIMIZE DESIGN FOR OBTAINING DATA

- Figure 1. Steps in the Data Quality Objectives Process

6 .



. ¢ . ' \ B

. The DQO process facilitates communication amorig data users, data
collectors, managers, and other technical staff before time and dollars
are spent collecting data.

e The DQO process provides a loglcal structure for study planning that
is iterative and that encourages the data users to narrow many vague
obJecnves to one or a few critical questions. '

° The structure of the process provides a cofivenient way to document
activities and decisions that can prove useful 1n litigation or
administrative procedures »

. - The process establishes quantitative cntena for Knowing when to stop
sampling.

In establishing DQOs, it is important to follow the sequence of stages because
the produc‘t of one stage is often an input to later stages. However, this process should be
regarded as both flexible and iterative; as the study team sees the implications of different

products it should go back as necessary-and revise products of earlier stages to incorporate

~ the new concerns.

- The 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 investigated. Usually, representanve samples
are sought, i.e., samples that can be expected to adequately reflect the properties of interest
of the population being sampled. However, targeted, or nonrepresentative, samples are
sometimes needed. An example zhight be a particular spot at a contaminated site which

appears to be discoloured. However, samples taken at that spot should be representative

of it at the time samples were iaken. If samples, individually or collectively, cannot provide

- representative information, theéy are seldom worth the time and expense of analysis.

Therefore, planning for informative sampling must be an integral part of any study.
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Table 2. Samplmg Plan Checkhst

What are your Data Quality Objectlves (DQOs)
oWhat will you do if your DQOs are not met (i.e., resample or revise DQQOs?)

Do Progrem Objectlves neec_i explora,tq_‘r’»y,v_m,on_i_toring, or both sampling types?

Have arrangements been made to obtain sampies from the sites?
- eHave altemate plans been prepared in caseé not all sites can be sampled?

7
i

. 15 specialized samplmg équipment needed and /or available?

Are samplers experienced in the type of sampling requured available?

Have all Analytes been listed?
o Has the Level of Detection (LOD) for each been specnfled"
eHave methods been specified fof each analyte?
»What sample sizes are needed based on Method and desired LOD?

3
-

List specific Good Laboratory Practice, Federal, Provincial, or Method QA/QC profocols required.
¢ Are there percentages or fequired numbers and types of QC samples?
oAre there specmc instrument tumng or other special requirements? -

. What type of samplmg approach will be used?
e Random, Systematic, Judgmental, or combinations of these”
e Will the type of sampling meet your DQQOs?

~ What type of data analysis methods will be used? ‘
» Geostatistical, control charts, hypothesis testing, etc.
o Will the data analysis methods meet your DQQs?
els the sampling approach compatlble with data .analysis methods?

How many samples are needed?
o How many sampile sites are there?
¢ How many methods were specified? } ._
« How many-test samples are needed for each method?
 How many conitrol site samples are needed?
e 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?
e How many exploratory sampies are needed?
« How many supplementary samples will be taken?

- e

Number of Samples = Test + Control + QC + Exploratory + Supplementary
*Test Samples = Methods x Sample sites x Samples per site
* Control Samples = Methods x Sample Sites x Samples per site _ v
~ «QC Samples = Methods x Type of QC sample x % needed to meet DQOs
o Exploratory Samples = (test samples + control samples) x 5 to 15%
e Supplementary Samples = (test samples + control samples) x5 to 15%

L4
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- 'From the beginning of sampling to the phase where the collected data undéfgo
analysis interpretation, and evaluation, there must be clear and precise documentation
encompassing quality assurance (QA) gmdehnes and principles which cover every aspect of
data collectlon3 ‘Table 2 provides a convenient check list of the subjects that should
becon51dered when planning for sampling contaminated sites’. Table 3 lists the minimum

4

documentation needed for sampling activities'.

Table 3. Minimum Requirements for Documenting Environmental Sampling

Sampling Date
~ Sampling Time
Sample Identification Number
Sampler’s Name
Sampling Site
Sampling Conditions or Sample Type
Sampling Equipment
Preservation Used-
Time of Preservation
Relevant Sample Site Observations (auxiliary data)

- Another important consideration in planning for sampling and analysis of

- contaminated sites is the type and number of quality control (QC) samples to take. There

are many different kinds of QC samples and each petform certain specific functions. Some
are used to estimate bias and others to estimate precision. Some are useful for determining
different sources of sampling errors, and others various sources of laboratory or analytical |
errors. It is critical that the correct types of QC samples be selected to meet DlQOs or else
the time and money spent gathering data will be wasted by obtaining data of unknown
quahty (i.e., it may be good bad, or mediocre but no one will know the true quality).
Advice should be sought from experts in planning QC strategies for environmental sampling
and analysis at the beginning of each project. Additionally, software is also now readily
available to help select the proper types of QC samples needed énd to advise on the specific

use of QC samples to compliment sampling and analysis processes for the productlon of

- known quahty data’
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The bottom line of the importance of quality assurance (QA) amrd quality
control (QC) to sampling is that if.samples are not representative of the contaminated site
being investigated, it doesn’t matter how .good the QA/QC of the analysis or of the data

management is -- the information will be largely useless.

When samples arrive at a laboratory, another set of QC procedures must be
observed as part of the laboratory’s QA prbtocdl. Each method may contain certain specific
QC requirements.. However, éomplete documentation of all records associated with
laboratory analyses is also an important_part of laboratory QC procedures. The records

listed in Table 4 are the minimum requirements for documenting laboratory work?

Table 4. Minimum Requirements for Documenting }‘Laboratory Work |

Method of Analysis

Date of Analysis

Analyst's Name and Laboratory

Calibration Charts & Other Measurement Charts (e g. spectral)
Method Detection Levels (or Limits)

Confidence Limits

Records of Calculations

Actual Analytical Results

.
o ® © 0. 6 © 0 o

After analyses are completed, the third phase cons1st1ng of data handling and
reportmg begins. Data handling and data management QA programs focus on production
of data which have characteristics ,pf accuracy, precision, completeness, and
representativeness’. The processes involved are summarized in Table 5 and éu‘_e discussed
in detail in Chapter 4.

Measurement results must be reported with clear units of measurement such
as ng/L (for water and liquids) or ug/Kg (for soils, sediments and other solids) instead of
. parts per million, parts per billion, etc. The latter are less definitive than the specific units

of measurement in the examples above and are SI units.

10

_ o e - = > = - )

i/ -

.-’I‘lr‘. ; Bl i r




Table 5. Processes Involved in Datd"Handling‘ and Management

Data Recording and Documentation
Data Transmission, Custody, and Transfer
Data Validation
Data Verification
- Data Analysis
Data Handling
Data Reporting

Not all factors that can influence the reliability and representativeness of data

are measurable. Those that are measurable will usually be found if the data handling

processes listed in Table S are followed. However, there are also many unmeasurable

factors (Table 6) that can severely bias data and which are not necessarily readily identified

even by good data handling and data management procedures®

Table 6. Examples of Nonmeasurable Factors

Biased sampling,

Sampling the wrong area,

Sampling the wrong matrix,

Switching samples prior to labeling,
Mislabeling sample containers,

Incorrectly preserving the sample,
Incorrectly aliquoting or weighing samples,
Incorrectly diluting or concéntrating samples,
Incorrectly docummenting any procedure,
Matrix-specific interferences not recognized, and
Using the wrong method for analysis.

3 {A ~ - 5 E .
— : o ! - .

When good QA/QC procedures have been used in the total momtonng
process, then the information derived from investigation of a contaminated site will be both
reliable and of known quality. Failure to follow good QA/QC procedures within any of

these activities may seriously jeopardize the quality and/or reliability of the data needed to

11
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make critical decisions and may adversely affect costs for remediation of a contaminated
site. ' | |

The Interrelation of Sampling,.Labora'tory Analysis, and Data Management

In addition to applying good QA/QC procedures to sampliﬁg, analysis, and
data management, careful thought must be given to planning and carrying out the work that
is involved within' each of these activities. .Often, each of these activities is planned
somewhat indépendently but sarhpling, analysis, and data management are all interrelated
and the objectives of each must be known to all of the participants involved with the
monitoring of a contaminated site. Written protocols for sampling, analysis, and data
handling must document the way in w'h'ich' each of the maﬁy individual tasks will bé
performed and also serve as a source o\f information .lfor all of the participants in these

interrelated efforts.
~ Pollutant Migration Pathways

Most ¢nvii'onmental pollutants at a contaminated site will not remain
stationary. If they are in a water, air, soil, sludge, solid, or liquid matrix they are almost
. certain to migrate. The physical characteristics of each matrix, meteorological conditioqs,
the amount 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 pollutants are
wind, rain, surface water, groundwater, and human intervention (wastewater pipes, drainage

ditches, roads, etc.). In addition to transport mechanisms, physical and biological influences

may also affect migration of pollutants. Physical influences include topographical featurgs

(valleys, mountains, slopes, lakes, rivers, etc.) and geological features (aquifers, soil
' composition, mineral composition, etc.). These physical influences ¢an either aid or impede

chemical migration. Biological influences usually consist of food pathways. Bioaccumulation

12
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of environmental pollutants, from low concentrations in water, air, and soil to increasingly
higher concentrations through the food pathways of plants and animals, is well documented

and must be carefully considered when sampling biota at contaminated sites?

‘Often an important objective of a contaminated site study will be to determine
how far pollutants have migrated from their source and to measure their concentrations at
various 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 blanks are supposed to contain only
background amounts of those analytes, will superimpose low values on test results when high

background levels are subtracted from test sample data.
The Importance of Reporting Laboratory Data

How results are reported is 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 is a
statement of its uncertainty interval’ Just as importémt'is the sensitive issue of the level of :
data omission or inclusion in analytical reports. Deciding what limits should be used to
report a measurement and how analysts and users should handle the resulting data are

discussed in Chapter 5.

Decisions involving the presence or absence of pollutants are very important
when their concentrations are near method detection levels (MDL). The first question is

whether or not the analyte of interest is present in the sample. What has to be understood

is that an MDL is a calculated concentration level that is indirectly selected. The

- concentration level of an MDL is calculated based on the risks of reporting false positives. -

What constitutes the appropriate level of risk is selected by either the analyst or the user

of the data. Unfortunately, the criteria used for these risk selections are not always

13
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understood. Furthermore, the value selected for deterr'nining that an analyte is reported as

present may be dxfferent from the value selected for detenmmng that an analyte is not
reported as present/®! .

It must be e'rnphasized that the MDL and other related calculations are not
intrinsic constraints of the analytical rhethodology but depend Upon‘the precision attainable
by a specific laboratory working with a specific matrix when using that methodology.” Thus,
MDLs can be very diverse. Unfortunately, this fact is generally not consxde;ed when

| evaluating environmental analytical data. Published values of MDLs in Volume Two must
be considered only as typical. Each laboratory involved in repomng data should evaluate
its own precision and estimate its own MDL values for analytes of interest for each type of
matrix it analyzes. A common and acceptable alternative when method-specified limits are
available (for example, with many methods summarized in Volume Two) is to verify that
each instrumént used can meet or exceed these published limits. If there is any possibility
of a link between sensitivity of a méthod to operator performance or proficiency, then the

instrument and method verification should be perfbrr‘ned by each person who will use it.

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 is achieved, the
~ samplers and analysts have not done their jobs properly. Laboratory repdrts also must make
clear which results, if any, have been corrected for blank and recovery measurements. If
published niethodology (such as those in Volume Two) is used, it must be cited and any

modifications made must be fully documented.

The Importance of Presenting Integrated Project Information

Sampling personnel are responsible for fully describing the precise conditions
- 'under which samples are collected. This includes all deviations from the samplirig protocols

for any reason.

14
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Analytical chemists ar':e:rlésponsiblév for fully describing and reporting the
analytical data in an appropriate manner. It may be necessary to employ the help of a
statistician in the data evaluation and interpreting stages. Measurement results should be
expressed so that their meaning is not distorted by the reporting process.

Data handlers and managers are responsible for verifyi‘hg and validating the
data and providing evaluations of its consistency, integtity, and réliability. They rely upon
information from both sampling and labbratory 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

integrates 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 contain the following:

o A summary of the problem being investigated;

K A summary of the data quality objectives and whether they were met
or modified;

o A description of the sampling effort complete with contaminated site -
maps showing sampling locations; :

° A description of the analytical approach with methods referenced and
summaries of any analytical problems;

o A summary of the completeness and representativeness of the data:
and ' ' ' ' -
° - Interpretations and conclusions from the integrated information

provided in the report.

The following chapters treat each of these topics in greater detail. Chapter 2
discusses the sampling of contaminated sites and provides specific guidance for sampling

contaminated soils; sediments, surface water (i.e., rivers, streams, and lakes), and

1§
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groundwater. Special considerations for sampling ice and/or surface waters under winter

conditions are also included.

Chapter 3 discusses the general conditions involved with analysis of

environmental samples with a focus on QA/QC aspects.

Chapter 4 prowdes a synopsis of the methods selected for recommendanon

and bneﬂy discusses which methods are applicable to the list of target analytes in Table 1.

 They are discussed in the eight major groupings identified in the Interim Canadian

Environmental Quality Criteria for Contaminated Sites?

Chapter 5 provides a detailed discussion of the considerations needed for data

management. This includes guidance on recording, documentation, data verification and

- validation, handling and transmission of data, etc. Key sections also include discussions on

reporting data involving low level conicentrations of pollutants and data presentation in final
reports.

The document is concluded with a-lisﬁng of all references and a glossary of
common terms used in the document and also in environmental sampling and analysis.
Also, included in the Appendix is a list of unpublished analytical methods that are used by

various federal, provincial and commercial laboratories.

A summary of each of the r‘ecornméhded methods is provided in Volume Two.

Each summary provides critical information that can be used to decide whether to select a

specific method or not and, if selected, what will be required in - terms of samples,

equipment, and quality control

16



Chapter 2 - Sampling Contaminated Sites
Deﬁnipg 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) or monitoring (assessment) goals? Exploratory sampling is designed to
provide preliminary information about the site or material being analyzed. Monitoring, on
the other hand, usually is intended to proVide information on the variation of specific -
analyte concentrations over a particular period of time or within a specific geographic area. _
A samphng plan for monitoring usually is more effectlve if it is preceded by exploratory

sampling or if there is historical data on the 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 information which is often extrapolated to include the whole area under

- investigation. This is true whether the entity being sampled is a contaminated section of

land, a stream, an industrial outfall, or a drum containing waste material. Therefore,
samples which are collected must be representative of the entity being sampled but not

necessarily representative of the entire area of which that entity is a part.

Bias caused by sampling is often difficult to measure accurately but it can be

detected by using field blanks fortified with the analytes of interest. On the other hand, it

s also difficult to show that bias from sampling activities is absent because of an 1nability

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 handhng sources, probably

because these are the easiest to measure and control

17



Sampling Appr'o‘aches

Sampling program designs must consider the quality of the data needed, i.e.,
the degree to which total error must be controlled to achieve a required level of confidence.
The data collection planning process should provide a log1ca1, 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 is the joint involvement of the data users, samplers, and analysts. Initial and

continued involvement, and the perspective of each, is critical to defining data quahty and

_ quantlty requlrements

The choice of a data ana-iysis method is an important decision that also should
be made in the planniﬁg stage. It must facilitate, and be facilitated by, goals, DQOs, and
experimental 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 in_terVal,' tolerance interval, control charts, etc.) requires

random sampling. The number of samples for random variable methlodology must be

determmed by the population variance and the desired size of a sxgmﬁcant change" in the

test par ameter

Systematic sampli_ngkis preferable for geosta,ti_stical 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 time and space dependence
of data, and it is usually used to produce site maps (with qualification of interpolation

errors) showing analyte locations and concentrations

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 to take!* The

answers depend on the nature of the errors to be assessed (i.e., systematic and/or random)

and the accuracy desired in their assessment. Additional considerations include . the

18

; N i fi



coRPORATYION

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®

There are three basic sampling approaches: fandoni, _systematic, and
judgmental. There are also three primary combinations of each of these: stratified-
(jud_gmental)-randonl, systematic-random, and systematic-judgmental.‘ Also, there are
further variations that can b; found among the three primary approaches and the three
combinations of them. For example, the systematic grid may be square or triangular;
samples may be taken at the nodes of the grid, at the center of the spaces defined by a grid,
or randomly within the spaces defined by a grid. Table 7 summarizes the differences among

the three basic approaches.

Table 7. Basic Sari_lpling Approaches

Relative No. Relative Basis of Seleéti-ng Sa_mpling
Approach of Samples- Bias _ ' Sites
Judgmental Smallest Largest Prior history, visual assessment
| and/or technical judgment
- Systematic ' Larger Smaller Consistent grid or pattern
Random ~ Largest ~ Smallest = Simple random selection

Often a combination of judgmental, systématic, or ré.ndom sampling is 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 or uhanticipated subsurface formations or weather conditions at a

contaminated site may necessitate major adjustments to sampling plans.
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There are numerous factors that .influence how many samples need to be

Deciding How Many Samples to Take

taken at a contammated site. These include:

. How many distinct areas are there within the site?

If there are several, are samples desired from each?

If there are none, how w1de1y dispersed thhm the single area
are the samphng spots to be?

J How many dlfferent analytical methods are needed?

If more than one, will all sampling spots require all methods? -

Typieally, different analytical methods are needed for various

types of organic pollutants (e.g., halogenated or non-
halogenated, volatile or nonvolatile, metals or general

‘parameters).

Typically ‘different analytical methods are also needed for

~ different sample matrices (e.g., surface or groundwater, solid or

liquid wastes, industrial wastewaters, and air or soil gases).

. How many samples are needed for each analytical method?

This depends on the DQOs of the pl’OjeCt the size and
cornplexlty of the site, etc.

° How many control site samples are needed"

Typically, one or more from each matrix type is needed if a
differentiation between polluted and non-polluted samples is
bemg 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 won’t change. Also, in the

case of heterogeneous solid or 11qu1d waste materials (e.g., from

drums) it may not be possible to obtain control samples.

20
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What types of QC samples are needed?
- Is an estimation of bias important?

- If so, does it need to be determined if it 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 laboratory (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 originating
in the laboratory, sampling, or from either operation if
the correct type of QC samples are selected to
differentiate these sources. .

‘How many of each type of QC samples are needed?
- The number may depefd on those specified in a par'tit:ular' |
method and/or the number -calculated from statistical

considerations to meet data quality objectives.

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

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

The total number of samples neéded 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 Supplementary Samples

-where No. of Test Samples = No. Methods x No. of Sample Sites x No. of Samples per Site

and No. of Control Sarriple-s = No. of Matrices at the Sample Sites

ahd No. of QC Samples = % of Tes»t Samples or a Statistically Calculated Number
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aild No. of Exploratory and Supplementa_ry Sarhples = % of Test Samples or a J'udgme'ntal
Number.

» A more'precise estimation of the number of samples needed is to select the
sampl_ing frequency which results in the desired confidence interval width about the mean
for the specified analyte variabil'ity.' Unfortunately, this may not often be available ‘at

contaminated sites, but if it is then a statistically derived number can be calculated?

Thus, there is no straightforward, easy answer to the question, "How many
samples should be taken?" ‘Data Quality Objectives, discussed in Chapter 1, are intended
to cover an entire study, but most often emphasis is given to the measurement phase of the
investigation. Precision, accuracy, representativeness, con‘ipletenes‘s and comparability are
terms used in setting DQOs and are usually addressed in terms of the analyncal portion of
an investigation. Dec151on-makers must be concerned 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 (MQOs) are meant to appl’y to the analytical
phases of a study. Terms for prec151on accuracy, representativeness, completeness, and
comparability are more applicable when used with the analytical phase. The distinction
between. DQOs and MQOs is important because QC samples are taken to deterrmne

whether these objectives are being met.

- If historical data indicate that maccuracy or vanablhty 1s 1ncreased in the

preparation and handhng of a sample and this decreases the accuracy needed to meet the

MQOs, then more frequent samphng is justified. As another example» if the values reported
are near an actlon level, then b1as is particularly important in meeting a DQO for accuracy,
and the consequences in knowmg whether a pollutant is 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 to assess sampling variability. The number of samples
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reqilired will depend on available _fesoﬁrces, the required degree of confidence in the data,
and the objectives of the study.

The U.S. EPA in Las Vegas, Nevada, has available a public-d_omaih computer

- program named ASSESS. 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 variability 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 momtored to a high degree, the variability may be low and
ignored, or the variability may be hlgh 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 variability may be h-igh and more QC samples may be
required. o

Deciding on ‘Expl_oratory and Supplementary Sa_mpling

Often, exploratory sampling (screening) is 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 is important that both the sampling and

subsequent analyses, or preliminary work, be performed under the same sampling, analytical,
and QA/QC protocols as those developed for the main body of test samples. Otherwise,

the exploratory sampling may produce invalid data and false conclusions?

Frequently, supplementary sampling (resampling) also is desirable; it is used

to confirm particularly critical findings and to clarify uncertainties that were discovered
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during the monitoring program.. Supplementary sampling may also involve 10 to 15% of the
monitoring effort. ' |

Control Site Selection

Control sites are important for understandlng the 51gmﬁcance of monitoring

data. Sites should be selected that have common characteristics with the contaxmnated

areas except for the pollution source. Background samples (or control site or matrix

samples) are samples taken near the time and place of the sample of interest. They are -

used to demonstrate whether the site is contaminated and/or truly different from the
background in the area. Some sort of background Sample is always necessary for a valid
scientific comparison of samples suspected of containing environmental cont_arn_inahts with
samples containing no (below detectable or measurable levels) or acceptably low levels of
contaminants. Unless baékground samples are collected and analyzed under the same
conditions as the environmental test samples, the piesenée and/or concentration levels of
the analytes of intérest and the effects of the matrix on their analysis can never be known

or }estimat‘ed with any acceptable degree of ceri_ainty. Therefore, background samples of

each significantly different matrix must always be collected when different types of matrices

are involved whenever possible

Examples include various types of water, sediments, and soils 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 collec‘ting background samples is
| when drums or contain'er's of 'mateﬁals are involved, 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 coritrol sites (local and area) and their differ_entiat_ion

is primarily based on the closeness of the control site to the environmental sampling site.

24



CORPORATION

Local control sites are usually adJacent or very near the test sample sites. In selecting and

workmg thh local control sites the following principles apply:

e  Local control sites generally should be upwind or upstream of the
' sampling site;

o When possible, local control site samples should be taken first to avoid
contamination from the sampling site; and

J Travel between local control sites and sampling areas should be
minimized because of potential comammatlon cause by humans,
equipment, and / or vehicles.

In contrast to a local control site, an area control site is in the same area (e.g.,
a city or country) as the sa’mp'ling site but not adjacent to it. The féct,ors 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 allow important background samples to be

collected
Sample Size Considerations

Because different analytical techniques are used' for the many different
analytes of interest at contaminated sites, sufficiently large samples must be taken for
multiple Aanalysesv. Also, since analytical tech'm'ques 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. However, disadvantages
of large samples include additional costs of storage space, materials, and larger sample

disposal costs.
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| Each analytical method summary selected for inclusion in Volume Two
contains specific sample size requirements or guidance on co.llecting an appropriately sized
sar_npl_e., However, often a single saxﬁple‘ may be collected with the intent that it will be used
for multiple analytes of the same type. When this is planned, the sampling protocol must

clearly define whichéna]ys’es will be performed with each sample and this must be checked

with the sample preparation requirements of each method to insure that they are compatible

with such a plan. Sufficient sample must be collected so that there will be enough for éach

analytical method’s requirement.
Deciding Types and thbers of QC Samples
As discussed in the above section, there are many different types of QC

samples from which to select. Choices depend entirely on the data quality objectives of the

contamninated site being investigated. Thus, selections should be made depending on

whether bias-free and/or precision data are required, whether differentiation between
laboratory or sampling sources of error is needed, and whether the degree of error to be

“estimated is relatively small (i.e., from typical contamination type sources) or large (ie.,

from operator and/or procedural sources).

Thus, there are many different types of Q_Cv samples to select from and it is

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 sampling and analy51s ,

-program may be compromised. ‘Most of the analytical method summaries described in’

Volume Two have a section entitled, "Quality Control Requirements." In this section,
specific types of QC samples are listed for each method. However, these QC samples are
designed primarily ‘to'measure laboratory sources of bias and precision and, usually, only
biasv from contamination-type sources. Thus, additional QC samplés will usually be required
in order to meet the data quahtv objecnves of a specific contaminated site remedlatlon

program.
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Because of the combié;ity of selecting .éfﬁong 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 is a sirnple, inexpensive
program that can be run on IBM-compatible personal computers or Macintosh computers
with a DOS emulator and is published by Lewis Publishers, Inc’

_ The number of QC samples to take is best derived from statistical calculations
based on the levels of confidence estimated to be obtainable from a specific method used
with a specific environmental matrix (water, soil, etc.) to analyze for analy’tés at an estimated
concentration factor above the method detection limit. Unfortunately, these estimates are
not readily available so default values are usually selected which relate to a percentage of
the environmental test samples analyzed. Specific default value recommendations may be
prowded with an analytical method summary as in Volume Two. When this occurs they are
found in the section entitled, "Quality Control Requirements." A very common
misconception is that if this recommended number (or percentage) of QC samples is
analyzed in conjunction with the environmental samples, that there is 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 posmve 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 sxmply on a percentage of the environmental samples.

Therefore, these are only useful as very general guidelines when no statistical information
is 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 séconds)v. Thus, they repreSe’nt a "snapshot" in both
space and time of the pollutants at a contaminated site sampling area. They are usually less

expensive to obtain than composite samples and often several grab samples may be taken

-at the same spot over a period of time when information relating to changes in
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concentrations of analytes with time is desired (ie., with. ﬂowmg streams or with air
samples).

For example, there are two types of grab samples that are used for sampling
water matrices: "discrete” and "depth-integrated” grab samples. A "discrete" grab sample is
one that is taken at a selected location, depth and 'time, and then analyzed for the
éonstituents of interest. A "depth-integrated" grab sample is collected over a 'predetermined
part or the entire depth of the water column, at a selected locatlon and time in a glven body

of water, and then analyzed for the constituents of interest.”

Composite samples are derived by combining portions of multiple sa,mpleé.
Compositing can be accomplished simply by collecting and combining multiple grab samples
or by using specially designed automatic sampling devices. The latter can be configured to
automatically collect and combine a series of "grab"” samples or to continuously sample the

environmental matrix and combine the samples.
Using the samé water matrix as an example there are two ‘main types of

time" composites are made by contmuous constant sample pumping or rmxmg equal water
volumes collected at regular time intervals. "Flow proportional” composites are obtained
by continuous pumping at a rate proportiona] to the flow, or by mixing equal volumes of
water collected at time intervals which are inversely proport'io'nal to the volume of flow, or

by mixing volumes of water propornonal to the flow collected durmg or at regular time
mtervals

Usually composite: sampling techniques are selected in order to provide a
more representative sample of heterogeneous mattices (such as rivers or air) in which

pollutant concentrations may vary over short periods of time. However, compositing is not

L

always an option; for eXampie, samples of water that will be used for analysis of volatile
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organics must always be collected asigrab sarnpl'es‘ in order to avoid negatively biasing the

results from loss of the volatile compounds during the compositing process.

- Composite sampling is often used to reduce the cost' of analyzing a large

number of samples. Experimental costs are substantially reduced when the frequency of

individual samples containing the analytes of interest is low. In such experiments, individual

sample aliquots are combined into composites, .and each composite is analyzed. However,
composite sampling also has some limitations that must be considered® These include the

following:

° When considering mult:ple analytes in a composite, information
regarding analyte relanonshlps in 1nd1v1dual samples will be lost.

o When the objective of the monitoring program 1s a preliminary
evaluation or classification, compositing may dilute the analyte to a
level below the detection limit, producing a false negatlve

o If sampling costs are greater than analytical costs, analyzing each
sample individually may be more cost effective.

° If compositing reduces the number of samples collected below the -

required statistical need of the DQOs then those objectives will be
comprormsed )

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 thesé

sites. Thus, safety must always be considered in the development of any sampling plan.

~ Proper planning 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 air, gloves, and hazardous materials suits if any
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of these are needed. In addition, personal exposure monitoring and/or monitoring ambient

air concentrations of some chemicals may be necessary to meet safety regulations.

Potentlal exposure of personnel to hazardous chemicals that can permeate

their chezmcal protective clothing (CPC) causes concern whenever neat chemicals (those not

in solution) or chemicals in high concentrations, e.g., from some landfills and wastewater

streams, are to be sampled. There are many different manufacturers and rnény different
models of CPC available on the market, but each of these has vastly differing protective

capabilities against various chemicals. Thus, one manufacturer’s model may offer over 8

hours of protection from a particular chemical while another’s model, made from the same

polymeric material, may degrade within minutes of exposure to trhvatl same chemical.
Because of the complexity of selecting good CPC and the large amount of CPC data

~ available, sevér‘ai databases have been publi;shéd which allow rapid-searches to be conducted

using personal computers either at the sampling site or at an office/ laboratory facility.*"” -

Documenting Sampling Protocols

Sampling protocols are written descriptions of the detailed procedures to be
followed in the collection, p‘a,c,kaging, labeling, preservation, transportation, storage, and
documentation of the samples, 'I'he_ more specific a sampling protocol is, the less chance
there will be for errors or erroneous assumptions. Table 8 provides a convenient checklist

of con51deranons that should be made when prepanng sampling protocols.

The overall sampling ’protoco‘l 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

splits and spikes, the sample volume, any composite samples, specific preservation

instructions for each sample type, chain of custody procedures, transportation plans, any’

field preparations (such as filter or pH adjustments), any field measurements (such as pH,

dissolved oxygen, etc.), and the report format.® Also, it should identify those physical,



Table 8. Sample Protocols Checklist

What observations at sampling sites are to be recorded?
Has information concerning DQOs, analytical methods, LODs, etc., been included?
Have instructions for modifying protocols in case of problems been specified?

Has a list of all sampling equipment been prepared?

°Does it include all sampling devices?
*Does it include all sampling containers? .
e Are the container compositions consistent with analytes?
°Are the container sizes consistent with the amount of samples needed?

- *Does it include all preservation materials/chemicals?
* Does it include materials for cleaning the equipment?
* Does it include labels, tape, waterproof pens, and packaging materials? -
*Does it include chain of custody forms and sample seals?
*Does it include chemical protective clothing or other safety equipment?

Are there instructions for cleaning equipmenit before and after sampling? .
s Are instructions for equipment calibration and/or use included?
°Are instructions for cleaning or handling. sample containers included?

Have instructions for each type of sample collection been prepared?
° Are numbers of samples and sample sizes designated for each type?
e 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 included?
e Are instructions for compositing samples needed? '

° Are instructions for field preparations or measurements included?
Have instructions for completing sample labels been included?

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

Have instructions for packaging, transport, and storage been included?
Have instructions for ‘chain of custody procedures been included?

Have safety plans been included?
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meteorological, and hydrological variables that shotld be recorded or measured at the time
of sampling!” In addition, information concerning the analytical methods to be used,
minimum sample volumes, desired minimum levels of quantitation, and analytical bias and
precision limits may help sampling personnel make better decisions when unforeseer‘x

~ circumstances require changes to the sampling protocol.

Selecting analytical methods is 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 minimum detection (or quant_itatibn) levels. The analytical method may also affect
the selection of storage containers and preservation techniques? In documenting sampling
protocols there are at least three different types of QA documents to consider, each one
coveﬁng 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 doc‘umént,
a F.ield-Sarﬁpling QA/QC Manual, is also necessary but, organizationally, this is considered
to be a part of the overall QA Project Plan. '

The QA Program Plan is a document which commits management to a specific
QA policy and sets forth the requirements for data needed to support program objectives.
The program plan describes the overall policies, organization, objectives, and functional
respoﬁs'ibi.lities for achieving data quality goals. The five major functions of a QA program

plan are?!

o A statement of the purpose and importance of a QA plan;
° A deScriptioh of ‘the pfocedures that will be used to carry out the QA
program; SRR
° A description of the resources committed to perform the QA work;
. An identification of projects which r.eq’uir_e QA project plans; and
] A des‘cription of how QA implementation will be evaluated.
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The second docurnent is 2 QA Projéc‘f Plan. It' differs from the former in that
it is a technical document that details specific QA and QC requirements for a project. The
plan also specifies any QA/QC actis'ities required to achieve the data quality goals of a
project and describes how all data are assessed for precision, accuracy, representauveness
completeness comparability and compatibility. The QA Project Plan further requires that

all data generated be thoroughly documented and address the following items in sufficient

detail to permit unambiguous evaluation of project results?*

° Project description;
° Project organization and designated responsibilities;
° QA Ob]eCthCS for the experimental data in terms of prec151on,

accuracy, completeness, ruggedness and comparability; -

e Sampling procedures and sample handling;
J Sample custody, transportat‘ion, preservation and storage;
° | Cahbratlon procedures and frequency;
. Experimental design and analytical procedures;
J Reference stzindards and quaiity control standérds;
° - Documentation needed;
° Data reduction, validation, verification ahd‘reporting;
o Internal quality control checks and frequency;
o Preventive maintenance procedures and sehedu‘les;_
° Specific routine procedures to be used to assess data quality;
° Corrective actions; and |
*  Quality assurance reports to management.
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To satisfy the requirements for quality data, a QA PI‘O_]CCI Plan must describe

. the following activities?!

Network desiign;‘

Selection of specific sampling sites;

.Sarnphng, analytical methodology, calibration, and standard operating

procedures (SOPs);

Sampling devices, storagé cdntainers, and preservatives;
Special operating conditions (e.g., heat, light, réact_ivity, etc.);
Reference, equivalent or alternate test procedur‘gs;

Instrument selection and use;

Preventive and remedial maintenance;

Replicate sampling;

Replicate analyses;

Blank and spiked samples;

Intra- and inter-laBoratory QC procedures;
Documentation needed; and

Sample ciistody.

A Field Sampling QA/ QC Manual is also a component of a QA Project Plan

and must provide guidance on _policy and procedures. This manual contributes to the quality

of the data generated by:

Providing unified information for all participating agencies;

Detailing procedures to be used in the field;
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° . Prowdmg information on prOJect descriptions, project organization and
designated responsibility;

* Considering siting criteria for the sampling plan;

o - Indicating the QA objectives for prec151on representanveness
completeness, and comparability;

J Providing infofmation .for calibration and maintaining equipment;

o Prov1d1ng information on safety practices in sampling and field testing
operatxons

° ‘Providing accepted procedures designed to control and define eITors

associated with field measurements;

° 'Defining statistical techniques for assessing the experimental data; and
o Ensuring that the collected data have met the measurement program
: objectives.

The third document is a Program Implementation Plan. It documents
mechdnisms 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, responsibility centers, per’formance

indicators, milestones, risk factors, implications, emerging issues, etc.; are subjects dxscussed

in prograrn 1mp1ementat10n plans?

Sampling Contaminated Soils

Problems Unique to Sampling Soils

In addition to variability of types of pollutants (analytes) and their
concentration variations. throughout the site, soil samples often exhibit a geological
variability. Geological variability is- umque to soils and, to a lesser degree, sediments and
it imposes some special considerations that sampling other matrices does not have to

address. On the other hand, one other characteristic that is unique to sampling soils and,
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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 concentratxons having occurred; this is

not generally true of water or air matrices.

Soils are characterized by several types of variation; it .i_s not a homogeneous
mass but a rather heterogeneous body of material. Because of this heterogeneity, systems
have been set up that attempt to delineate soil classification units which approach
homogeneity within themselves, but which, at the same time, are distinctly different from
all other units. Differences among ‘these units may be large or small depending, among
other things, on the differential effect of the factors which formed the soils. The variation

in properties among soils formed from the same parent material under similar conditions,

on the other hand, may be rather small even though the soils be classified as different soﬂs. | |

Because of the nature of soil-forming processes, distinct boundaries between soil

classification units  are rare.

Superimposed on this pattern of slowly changing characteristics, however, may
be marked local variations. These- local variations may result from natural causes, such as

sharp vegetative or topographic variations, or from man-made variations. A similar pattern

of variation is found in the subsoil?

Soil properties vary not only from one location to another but also among the
horizons of a given profile. The horizon boundaries may be more distinct than are the
surface boundaries of a soil clé,ssificfation unit. Here, also, zones of transition are found
between adjacent horizons. Furthermore, considerable local variation may occur within a

particular horizon?
These characteristics should be kept in mind when sampling soils. The soil

population to be sampled should be subdivided, both horizontally and vertically, into

sampling strata. which are as homogeneous as possible, and the several sources of variation
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within the populati_bn should be “sam;')led if valid ir;ferences are to be made about the

population from the sample?

Another characteristic more unique to soil sampling than most other matrices

(except blologmal sampling) is subsampling. In many types of soil investigations, the use of

~subsampling, or multistage sampling, is advantageous. With this technique, the sampling

unit, selected by one of the previously described methods, is divided into a number of small
elements. The chara;teristic under consideration is then measured on a sample of these
elements drawn at random from the unit. For example, a sarnpie of cores may be taken
from a field plot, and a number of small samples taken from each core for chemical

analysis?

The primary advantage of subsampling is that it permits the estimation of

some characteristic of the larger sampling unit without the necessity of measuring the entire

‘unit. Hence, by using subsampl’ihg, the cost of the investigation might be considerably

reduced. At the same time, however, subsampling will usually decrease the prec151on with
which the characteristic is esnrnated At each stage of sampling, an additional component
of variation, the variation among smaller elements within the larger units, is added to the
sampling error. Thus, the efficient use of subsampling depends on striking a balance

between cost and precision?
Review Existing Site Information

Every effort should be made to first review relevant information concerning
a contaminated site. 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 legal actions), current and former facility employees,

potentially responsible parties, local residents, and facility records or files. For any sampling
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efforts, obtain information regarding sample locations (on maps, if possible), matrices, and
relevant contaminant concentrations. |

When possible, collect i_r_;formation that will describe any specific chemiical
processes used on site, as-well as descriptions of raw materials used, products and wastes,
and waste storage and disposal practices. Whenever pcssible, obtain site maps, facility
blueprints, and historical aerial photographs, detailing pastand present storage, process, and
waste disposal locations.

Site Reconnaissance

A sjte reconnaissance, conducted either pr1or to, or in conjunction with
sa.mphng, is 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;

. Obtain information from facility files o records (where records are

made accessible by owner/operator); and/or from land registry files,
if possible; and

. Perform a site entry, ‘utilizing 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, irrigation ditches,
etc. Note topographic features, dead or stressed vegetation, potential
safety hazards, and visible label information from drushs, tanks or
other containers found on the site.

The historical review and site visit are the initial steps in defining the source

‘areas of contamination which could pose a threat to human health arid the environment.
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However, pollutant rigration pathways é_nd 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 contaminants 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 mechanisms are described below.

Man-made Pathways -- A site located in an urban and/or rural setting
will have a number of man-made pathways which affect contaminant
migration. These include: storm and sanitary sewers, drainage culverts,
sumps and sedimentation basins, french drain systems, and
underground utility lines.-

Surface Draihage -- 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,
rivers, ponds, lakes, and wetlands. Consider prior surface drainage
routes when formulating a soil sampling design.

Vadose Zone Transport -- Vadose zone transport is the vertical or
horizontal movement of water and contaminants within the unsaturated
zone of the soil 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.

Wind Dispersion -- Contarrunants adsorbed onto soil may migrate from
a waste site as airborne particulates. Depending on the particle-size
distribution and associated setthng rates, these pamculates may be
deposited downwind or remain suspended, resulting in contamination
of surface soils and/or exposure of nearby populations.

Human Activity -- 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.

" Incorporating contaminant migration routes and transport mechanisms when

designing a representative sampling scheme is often an important consideration in
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- producing good sampling pians. Field anélyticél screening techniques can provide direct
 reading capabilities (e.g., a photoionization detector (PID), or a portable X-ra‘y‘fl'horescence
(XRF) umt) which may be utilized to narrow the possible groups or classes of chemicals to
support the selection of analyncal parameters. Field screening can cost-effectively evaluate
a large number of samples for the purpose of selecting a subset for off-site laboratory
analysis; When ﬁsed appropriately, field screening is 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 techm’qués, 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 which 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 minimize the potential for false negatives (not

detecting on-site contamination), field analytical screening methods should be selected that

provide detection limits below applicable action levels.

Representative Sampling of Soil

Representative soil samplihg assures that a sample or group of samples
accurately reflects the concentration of the parameter of concern at a given time. Analytical
results from representative samples also illustrate the variation in pollutant presence and

 concentration across a contaminated site. However, because soils are extremely complex
and variable, this often requires many different sampling methods. The samphng personnel
must select methods that best accommodate specific sampling needs, and that satisfy the
stated sampling objectives. In addition, the sample collector is 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 population

to be evaluated 2
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Deposition of airborne coﬁtanﬁnants, especially those recently deposited, is
often evident in the surface layer of soils. However, contaminants that have been deposited
by liqﬁid spills or by long-term disposition of water soiuble materials may be found at depths
up to several meters. Also, plumes emanating from hazardous waste dumps or leaking

storage tanks may be found at considerable depths?

Becaﬁse sample heterogeneity often causes problems in soil, and other
environmental matrices, representatxveness uncertainties frequently far exceed the inherent
collection and analysis uncertainties. Often it is not possible to quantxfy the analyte
concentration uncertainties associated with sample selection. In these instances, qualitati\;e
descriptions of the uncertainties due to sampling limitations should be clearly described and

the associated ass'umptions fully documented!

Sometimes samples are deliberately collected unrepresentatively. Initial
studies at a contaminated site may focus on the most obviously c.omanﬁnated areas..
Although such samples will not fepresent the average conditions, they may establish the
worst case concentrations of the analytes of interest. However, even in these situations it
is important to obtain background samples o'f the soil matrix from either local or area

control sites.

Variability arises from the heterogeneity of samples, the size and distribution
of the sarmpling populations, and the bias of the sampling and analysis methods. Because
soil sarriples are heterogeneous, it is best to select as large a test samplé as practical for
preparation. An extract or diges‘ted solution will be more pomogeneous, and it will provide

more reproducible aliquots, than a smaller portion of the sample.
Composite samples may help overcome the lack of homogeneity over time or

in the distribution of chemical species. At the same time, composmng may dilute peak |

values of concern. Therefore, if peak concentrations of analytes are important, compositing

41



should be supplcmented with grab sampl_es taken at sites and times where higher values are

“suspected.’
Selecting Sampling Locations

Once a sample approach has been. selected, the next step is to select samphng

locations. For statistical (non-judgmental) sampling, selection of the exact location of each

sampling point is crucial to achieve represemauveness For example, factors such as the

difficulty in collecnng a sample ata given point, the presence of vegetauon or discoloration

of the soil could influence (bias) a statlsncal sampling plan.

Sarﬁpli.ng points may be located using a variety of methods. A relatively

simple method, which may be used for locating random points, consists of using either a
compass and a measuring tape, or pacing off distances, to locate sampling points with
respect to a relatively permanent landmark, such as a survey. marker. Then, plot aerial
' coordinates of the samipling points on a map and mark the actual sampling points for future
reference. Where the sampling design demands a greater degree of prec1510n, each sample
: pomt should be located by means of a survey. After field sample collection, each sample

~ point should be marked so that all the locations can be found again if needed.
Selecting Sarﬁp_lipg Equipment
Methods selected for samphng soils may differ in detall but they all make use

of one of the following three basic samphng tools: (1) scoopmg, (2) coring, or(3) augenng

devices.

Two major considerations must be addressed when selecting a specific

samplmg tool. These two considerations mclude soil conditions and the contaminants that -

are to be analyzed from the collected material. Soil conditions can be extremely variable

from location to location. For example, soils can be wet or dry, stony, cohesive (e.g., clay)
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or cohesionless (e.g., sand). Similarly, contaminants are extremely diverse, varying between
metals, which in most cases are relatively immobile, to hlghly mobile water soluble

substances, to contaminants that are volatile 2

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.inappropriate for a particular task, or improperly used. Results based
on previous experience, or from an eqdivalency test, may be used to evaluate and sélect the
proper tool for a specific sampling objective” Table 9 provides a list 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 characteristics, and the nature of the analyte of interest (e g.

organic or morgamc volatile or nonvolanle) Surface sampling may be chosen for recent

spills or contamination and low rmgratxon_qrates of analytes. If the analytes of interest are

volatile or have been in contact with the soil for a long period of time, sampling at greater
depths may be necessary. Soil chafactérist-ics will determine the migration patterns of the
analytes of interest and also the characteristics of the usable sampling devices. The nature
of the aﬁalyte being »sa_mpled e-.-g. .whéther it is volatile or soluble, will influence the

dewce must be constructed.“.

When sampling soil at its 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 Also,
these tools are not suitable for samphng soil contaminated with volatile materials, since they
may volatilize during sampling and make the samples unrepresentative. As with all sampling
devices, careful attennon to construction materials is necessary. Generally, scoops and
trowels should be stainless steel for soils contaminated with organics and high density

polyethylene for soils contaminated with inorganic spec1es.
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Table 9. Soil Sampling Equipment

Equipment
Trier
Scoop or trowel

Tulip bulb
planter

Soil Coring
Device

Split spoon
sampler

Shelby tube
sampler

Hand operated
power auger

Application to
Sampling Design

Soft surface soil
Soft surface soil

Soft soil, 0 - 15 cm
Soft sbi,l,’O - 60 cm

Soil, 0 cm - bedrock

Soft sil, 0 cm. - bedrock

Advantages and Disadvantages

Inexpensive; easy to use and decoiitaminate;
difficult to use in stony, dry or sandy soil.

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

Easy to use and decontaminate; uniform diameter
and sample volume; preserves soil core (suitable
for VOA and undisturbed sample collection);
limited depth capability; not useful for hard soils.

Relatively easy to use; preserves soxl core (smtable

" for VOA and undisturbed sample collection);

limited depth capability; can be difficult to
decontaminate.

Excellent depth range; preserves soil core
(suitable for VOA and undisturbed sample
collection); acetate sleeve may be used to help
maintain integrity of VOA samples; useful for

~ hard soils; often used in conjuncuon with drill rig
for obtammg deep cores.

Excellenl depth range; preserves soil core
(suitable for VOA and undisturbed sample

collection); tube may be used to ship sample to

lab undisturbed; may be-used in conjunction with

. drill rig for obtaining deep cores and for

"Soil, 15em- 5 m

permeability testing; not durable in rocky soils.

Good depth range; generally used in conjunction

with bucket auger for sample collection; destroys
soil core (unsuitable for VOA and undisturbed
sample collection); requires 2 or more equipmerit

- operators; ¢an be.difficult to decontaminate;

requires gasoline-powered engine (potential for
cross-contamination),
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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 lab or other facility equlpped 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 cofnpositing 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?

| Sampling at depths greater than one foot requires different techniques and
devices. Trenching can obtain analyte profiles; however, it usually costs more than other

techniques available. Trenches should be excavated approximately one foot 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’

Augers, both powered and non-powered, are also useful in obtaining solid
samples from depths greater than about one foot. Augers come in different sizes, and
samples may be obtained directly from the auger cuttings. However, this technique can
introduce cross contamination between soil layers, contamination from drilling material,
non-reproducibility in safnple size, and loss of volatile components: A more desirable
technique is to reach the desired sampling depth with an auger, and then obtain the sample

with a so11 probe or split barrel sampler. Soil cuttings should be carefully removed after -

drilling to avoid cross contamination between soil layers:

Soil probes and split barrel samplers work in a similar fashion. The device

s driven into the soil to the desired depth and retains the samples as it is withdrawn. A soil

sample obtained in this manner may then be transferred to a separate container for

shipment to the laboratory. Stainless stéel or Teflon® liners are available for split barrel
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samplers to minimize adsorption of or reaction with analytes. Some of these devices are

designed to be sealed for shipment to the laboratory after the exterior is decontaminated:

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 refrigeration should be maintained at about 4°C until analysis, and the samples’

analyzed-as soon as possible.’®

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 cores samples or large portions of them should be shipped to

a lab, wrapped in solvent washed and dried aluminum foil, or sealed in glass bottles One

pint, wide mouth bottles are useful for core samples - the samples can be cut so that they

nearly fill the bottles.”®

The most frequerrt changes in soil, sedimem and water samples are loss of
volatiles, biodegradation, oxidation, and reduction. Low temperatures reduce bio-
degradation and; sometimes, volatile loss, but freezing water-containing soil samples can
cause degassing, fracture the sample, or cause a slightly immisqible phase to- separate.
Anaerobic samples must not be exposed to air’® However, air drying is - generally

appropriate for metals and other nonvolatile analytes. Volatile organics would be lost or

reduced in concentration if they were present in soils subjected to air drying.

More detailed information on samplirig contaminated solids and water can be
found in the National Contaminated Sites Remediation ' Program’s, "Handbook on

Subsurface Assessrnent" 3
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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 contaminated land
sites they will be at the bottom of ponds, lakes, and streams. Unique sampling problems
arise because of the difficulty of sampling generally unseen areas underwater. Additional
sampling problems occur when winter time sampling requires cutting holes in ice in order

to set up and use sediment sampling equipment.

Access to the sampling area plays an important role in sampling strategy and
logistics and 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 d1ff1cult 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 drilling 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 helicbpt‘er and cost are factors to be considered

Review 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 available previously published data generated by surveys and studies,

including the characterization of the sediments, should be completed before the preparation
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of a project pl_.au_l.24 Historical data can be obtained ffom»av variety of sources. Data specific

to the area of a contaminated site may include that derived from:

° ‘Geological investigations;

°©  Previous sediment analyses;

° Benthic investigations in conjunction with ecological studies;
° Environmental impact studies;

° Analyses of the overlaying water; _

° The types of i_ndu,stry and business that used the site; and

e - Watershed activities.

Data from regional reconnaissance surveys can sometimes provide information
on a broad scale, such as concemraﬁons predicted from the known geology and mineralogy
of 't_he area; geochemistry of sediments; general "background" concentrations or
concentrations of different chemicals in soil which, through weathering or erosion within a
watershed, would contribute material to sediments. Material may enter from a watershed
in either dissolved form or associated with eroded soil materials and may include, for
example, pesticides or fertilizers from agricultural practices, mining wastes, or excavated

materials, or industrial/mining processing by-products/effluents

Ah important 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 likelihood 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 documnentation can prove to be valuable?

Particular pieces of data which are relevant to project planning for sediments

include?*
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General information on the Watérshed, including quantity and quality
of runoff, climatic conditions, general or specific land use, types of

“industries, 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);

Quantity, particle size, geochemistry, and mineralogy of suspended
sediments discharged by tributaries, stormwater runoffs or originating
from shoreline erosion (knowledge of the nature and quantity of
dissolved and particulate materials entering the area is necessary for
the calculation of contaminant and nutrient loading);

Horizontal and vertical profiles of physical (e.g. porosity, geotechnical
properties, water content, bulk density, grain size) and chemical (e.g.,
organic matter content, concentrations of nutrients, metals and organic
contaminants) characteristics of bottom sediments; and

Biological community structure, composition and diversity,
bioaccumulation of contaminants, or bioassay results.

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

reviewed as to their:

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); and

Quality of data (based on reported limits of detection and precision
compared to precision now required) &t

N N O N ary B

Site Reconnaissance

An important aspect which is often overlooked with collection of sediment

samples is a site inspection. The visit to the project site permits an assessment of the
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completeness of the collected information and identifies any significant changes at the
project site*

From the_reﬁew of collected data, the gaps inthe 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
description 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® Selection of the sampling locations should be based .m‘a'in]‘y on the project

objective and on the basis of the site teconnaissance. |

Sarhpling hazards should also be identified and ddéumente‘d 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

covering a sampling site, etc.

- Representative Sampling Approaches

In addition to the physical handicaps of collecting representative sediment
samples, the sampling procedures and devices must also be considered because they can

directly affect the representativeness of the collected samples.

To collect 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”
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Suspended sediment samples are collected to determine the quantity as well
as the physical and chemical characteristics of those sediments in suspension. On the other
hand, bottom sediments are sampled to provide the physical and chemical characteristics of

those particles that make-up the bed of the system being studied at specific locations®

It is very complex to measure sampling accuracy of sediments, which are, in

most cases, heterogeneous. The following two techniques can be used for quality control

“in sediment sampling. One 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 sﬁbsampling 'procedlires, handling and storage of samples, and
methods for sediment analyses. The results will show variations which are due to sampling
and subsampling techniques, but the heterogenexty of the sediment at’ the sampling site will

snll affect the test. The sediment sampler must be selected to siit the sediment texture at
the test sampling site ?*

In the other quahtv control technique the collected sample is divided into a -
few subsamples and each subsample is treated as an individual sample The results of
geochemical analyses of all subsamples will indicate the variability due to the sampling and

analytical techniques and sediment heterogeneity within a single collected sample

A few control sites should be included in a sampling program for investigation
of sediment contamination. They should be selected, after historical data review, at areas
where the sediment will most likely not be contaminated. Data obtained at the control sites
are important as background values when plotting distribution and concentration gradients
of contaminants, Contamination of the sediment samples will also affect the
representativeness of the samples and bias the analytical data either bositiVer or negatively

both with respect to detection of pollutants as well as with their concentrations in the
sediment samples?*
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Sediment samples can be contaminated with pieces of metal paint or surface
corrosion ‘produc‘ts from samplers or equipment used for the operation of the samplers.
Most samplers are metallic; some may be electroplated or painted to prevent cbrro‘sion,
particularly when sampling in'salt water. Samplers with metal parts painted with cadmium

- or lead paints are not suitable for the collection of sediments for the determination of metal
concentrations. Similarly, use of oil and grease on the samplers or sampler lifting
~ equipment should be avoided. Sediment samples for the quantitative determination of
metals or organic ‘contaminants should always be obtained from the center of the sampler.
Plastic liners and core barrels used wrth gravity corers may be a source of contarmnanon
with various orgamc compounds. However no data are available concerning contamination
of sediment samples collected with plastxc lmers and core barrels manufactured from

different plastic materials

,Seleeting Sampling Tocations

Funds spent on sample analyses by the most'sophistic‘ated techniques are

wasted on samples collected at inappropriate locations or where an insufficient number of -
samples are taken to represent the project area. Consequently, the selection of the number .

and positions of sampling stations needs to be carefully designed. There is no one formula

for design of a sediment sampling pat-rern which would be applicable to all sediment
sampling programs> '
‘ "
When defining the posmons and number of sedrmem samplmg stations, the

followmg factors should be considered:

e The purpose of sampling;

o Study objectives;

o ~ Historical data and other available 1nformatron
° Bottom dynamics at the sampling area

o Size of the samipling area; and
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° Available funds vs. estimated (real) cost of the project.

Generally, the reasons for bottom sediment sampling can be divided into the

following categories?*

° To provide a geochemical survey;

*  Environmental assessment of contaminants in sediments;

o Evaluation of sediment for a dredging/disposal permit; and
J - Research of se_dirrientary processes.

| Although the strategy and goal of sediment sampling'in 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 situations of each 1;>r0ject,.'2'4 '

Careful definition of the project objectives is highly critical to the successful
completion of the sediment sampling program. Generally, samples wili be collected from
the study area to investigate the distribution of parameters of interest at a project sne The
objectives of a research scientist studying sedimentary processes at an estuary are natural]y
different from the objectives of a project proponent applying for an open-water disposal
permit for sediment to be dredged from a channel within the same estuary. Although both

workers will collect samples to characterize the sediment, the1r sampling strategy will often
be distinctly different?

In general, the position of sampling stations should allow for a reliable, rapid |

- repetition of sampling in the future without difficulty. It is imperative that each sampling

station be properly referenced to a survey grid on a map and properly labeled.
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Scientists involved in the selecnon of sedxment sampling stations should have '

at leasta basic knowledge of bottom dynamics at the project area. Ideally, sediment pamcle
size distribution should be mapped prior to the selection of sediment sampling sites. The
distribution Qf sediment on a lake, river, or ocean floor is affected by energy-controlled
processes. Sand, gravel, and boulders are the sediment units on the bottom of a fast flowing

river. Fine-grained sediments (i.e., silt and clay) may accumulate in areas of low energy

zones, such as bays or the inner side of the main channel of a meandering river. Sediment

deposits in large lakes, although strongly influenced by the characteristics of source material,
reflect the changes of various energy-controlled processes, such as wave action, current

circulation, etc.

A survey of sedimenf deposits and geochemistry in a lake or pond may be

useful for evaluation of contaminated sites. In such a case, sediment mapping should be

carried out as a part of the project, and sampling stations 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 tiver floors should be p'r'epaired. with
special attention to areas of erosion, transportation, and accumulati'ori-.- 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 pollutants, or coﬁi'etsely, t6 minimize the cost of collecting improper

samples or the loss of collecting no samples™

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 density of sampling stations required for the characterization of sediments is

‘determined by the variability or gradients in the processes which control the distribution of

_the investigated sediment parameter or property. When the distribution of sediment
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parameters is relatively homogeneous, stations can be widely spaced. If the distribution of

the parameters is heterogeneous, a more dense sampling grid will be required. In projects -

" dealing with environmental pollution of relatively small areas, such as contaminated sites,

sediment sampling stations need to be located usually much closer, in particular at areas

with heterogeneous distribution of different sediment units and many contaminant sources?*

In instances in which sediment transport data are required, samphng sites
should be located near a water quantity gauging station, when possxble so that accurate
stream discharge information is available at all umes_. Sampling locations immediately .
upstream from confluences should be avoided, as they may be subjec'ted to back water
phenomena. In streams too deep to wade, it may be advantageous to locate sampling sites
under bridges or cableways. When sampling from bridges, the upstream side is normally
preferred. Sampling on the downstream side of the bridge presents limited upstream
visibility, and care must be taken to avoid sampling in areas of high turbulence, near the .
piers because sediment samples collected near plers are often unrepresentatlve of the
general sediment transport characteristics. Also, attention must 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 during these times. Also, it is important that the same transect be used
during the entire sampling period so that the variability associated with the sampling

procedure is minimized”

Selecting Sampling Equipment

There are two general types of sediments that may be collected: bottom
sediments and s'uspernd‘ed sediments. In addition, bottom sediments contain two primary
zones of sediment which are of interest in contaminant studies: the surficial or upper 10.to
15 cm, and the deeper layers. Sarnpiing of the surface layer provides information on the
horizontal distribution of parameters or properties of interest for the most recently

deposited material, such as particle size distribution or geochemical composition of
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sediment. A sediment column, which includes the surface-'sedimenvt layer (10 to 15 cm) and
the sediment underneath this layer, is 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. aré of recent

origin®

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, i.e.; the individual

particles can be rearranged relative to each other and it is unimportant that the volume and

shape of the sample are altered from the actual conldition‘s of the deposit. However, for
most purposes undisturbed samples are required. For example, when the purpose of
sampling is to obtain information related to the vertical composition of the deposits or
information on the distribution of contammants from a certain depth, undlsturbed core

samples must be taken®

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 sampler‘s are of three general types:

o Integrating samplers; - ‘
o Instantaneous or grab samplers; and

J Pumping samplers,
Standard suspended sediment samplers used to sample flowing streams and

rivers should not be used in lakes, reservoirs or other bodles of water where water is

stanonary or almost stationary?
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Gravity and piston corers are used to collect undisturbed samples of river,
lake, reservoir, and pond deposits. Samplers of this type are essentially tubes which are
forced into the bed of the system. Samples are retained inside the barrel of the sampler on
retrieval by a partial vacyum formed above the sample and/or by a core retainer at the

lower end?

Grab samplers are more comrnoh]y used than core samplers for collecting
deposited sediments, as they are often much lighter and in some circumstances much easier
to use. If properly used, a grab sampler encloses a volume of the bed material and isolates
the sample from water currents during -its ascent to the surface to yield a reasonably good

undisturbed sample”

Sampling Bottom Sediments

When sampling bottom sediments, it is preferable to collect samples with high
clay and organic matter content instead of rocks and sand, because it is known that
pollutants are likely to be observed in the former type of bottom sediment matrices? This
approach obviously places a bias on the sampling site selection and is an example of

judgmental sampling applied to bottom sediments.

- Generally, bottom sediment samples are taken from an enlargement of a river,
which permits deposition of suspended sediments on the river bottom. In a lake, the
situation is usually less critical, and samples are generally collected from the deepest point
of the lake especxally when toxic chemical screemng is the study ob]ecuve However, to

obtain a good estimate of the spat_1a,l variability of parameter of interest within the bottom

| sedimems, sampling should be performed at as many sites as possible withih the given lake

or river that is being surveyed?

Many different devices have been designed and used over the years to obtain

these types of sediments in a variety of environmental settings. Bed sediment samplers fall
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into three broad classifications: 1) grab samplers, 2) corers, and 3) 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 sémples. Usually, dredge samplés are considered to be qualitative
because their use does not permit adequate control of sample location or samipling depth

in the sediment column?

Surficial bed sediments can provide an excellent synoptic picturé of pollutant .

spatial distributions. Typically, Such'sufv‘e"ys entail random sampling over large geographical

areas using stream sediments collected from small, localized streams?

In the case of shallow, wadeable streams, sampIeS are usually collected by
-hand; in the case of deeper rivers, ponds, or 'léke_s, samples are usually collected with some
type of grab samplers. There are numerous grab sampling devices, of various design, that
have different advantages and disadvantages depending on the nature of the sediment td 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), samplin‘g‘platform (eg., a
boat versus sampling from a bridge), the availability of lifting equipment (e.g., 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 is dependent on .

evaluations against four criteria: 1) degree of physical disturbance during sampling,
especially while the device is béing lowered to collect a sample (due to the "bow or pressure

wave" created by the device which can disperse fine-grained sediment or flocs at the

sediment-water interface); 2) loss of material, especially fine-grained sediments, during

~ recovery of the sampler through the water column ("washout"); 3) the efficiency of the grab
sampler for collecting sediments of varying textures (e.g., grain size, degree of induration);

and 4) potential for sample contamination
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Corers typically are not used for ‘area surveys based on surficial sediment
samples, especially in shallow, wadeable aquatic environments. This is because a rriajor :
disadvantage of most corers is the extremely small area of the bed that is actually sampled.
‘Thus, many more core samples than grab samples usually are required to provide an

adequate bottom sediment sample?

One of the most important considerations when collecting surficial sediments
is that of obtaining a representative sample. The confidence limit 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 confidence, it is invariably better to collect a group of subsamples to

generate a final composite sample than to arbitrarily collect a single isolated sample as

being representative of a sampling site

Vertical sampling of a sediment column invariably involves the use of some
type'of corixig device. These tend to fall into three broad categories: 1) gravity corers, 2)
piston corers, and 3) 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 criteria is the length
of sediment column to be sampled. Selection of core samples invariably involves

subsamphng, especially when there are obvious physical differences (e. g. texture or colour)

. between vanous SCCIIOHS of an entire core?

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 minimum 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 penétration), 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 require‘d to prevent s_ampIe loss during
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recovery, can affect the degree of water resistance). Box corets and "Kastenlots" are special
typés of "gravity" corers which do not require rapid rates of deseent to deeply penetrate a
sediment column. However, both devices are usually véry heavy. Box corers scoop out a
section of the sediment column through the operation of a set of springs which are t-r'iggere,'d
after the device is lowered to the sediment bed. Kastenlots are extremely heavy and wide
barrelled, with the barrel walls being made of extremely thin but very rigid material. These
devices are slowly lowered to the sedlment bed and achxeve high levels of penetration
because of their weight working in combmauon with their lack of frlctlonal resistance due
to the thin walls of their barrels. Tvplcal gravity cores do not exceed 2 m in length although

Kastenlot cores of up to 6 m have been recovered?

Piston corers are used to obtain long cores in relatively soft sediments, They

also are usually very heavy and they are set up so that the piston, which is 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 frictional resistance to
barrel penetration. Under the right conditions, piston cores of more than 30 m in length

have been collected

Long cores in fairly indurated sediments are normally obtained with a
vibrocorer. These devices can be powered with either electricity or compressed air.
Sediment sampling is achieved through the use of thin-walled barrels in conjunction with

vibration which tends to ’fluidize’ the sediments to facilitate penetration. As a result,

vibrocores tend to be more disturbed than piston cores. Vibrocore length is controlled by

the size of the systetn being used, but typically, does not exceed 12 m?

Sampling Suspended Sediments
Sampling and analysis of suspended sediments is a requisite for any study

involving the determination of pollutant transport and the calculation of pollutant fluxes.

In addi_tior;, suspended sediments; along with the sampling and analysis of dissolved samples,
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may represent the only available means of determining short-term .temporal changes in
water quality. Suspended sediment transport is strongly interrelated to both hydrological
and geomorphological characteristics. As a general rule, assuming enough material is
available, as fluvial discharge or velocity increé.ses, suspended sediment concentrations also

increase’

Suspended sediment samplers fall into three general categories: 1) integrating
samplers which accumulate a water-sediment mixture over time; 2) instantaneous samplers
which trap a volume of whole water by sealing the ends of a flow-through chamber; and 3)
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 samples2®

Most s-amplihg equipment and sampling designs are established to obtain an
"instantaneous" representative sample. However,’there is 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,
nor technique, simultaneously deals with both cross-sectional (spatial) variability and
temporal variability. The user must decide which variable is more important to a study, and

must select a samipler and technique accordingly®

Sample Preservation and Storage .

In general, sediment preservation and sidrag'e requirements are similar to
those discussed with soils. Procedures for handling and preserving sediment samples depend
on the specific analyses needed and on whether the sample is from the suspended or bottom
environment. Samples for trace metal analyses require special precautions to prevent
contamination and also réquire preservation” Sample bottles always should be precleaned

and thoroughly washed, dried and sealed before being transported to the sampling site.
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As soon as possible after collection, sediment samples should be fi_ltered. The

 filtrate can then be used for measuring the dissolved constituents. Preservations procedures

usually involve refrigeration (for organics) and acidification (for metals). Suspended
sediment sample analyses are often limited because of the difficulty in obtaining sufficient
sediment for the many subsamples required for the different analyses. A composite of a

large number of represemat-ive samples may be necessary”

Samples of bottom sediments for routine particle size analysis can be
transported and stored'wit_hout‘refrigeration. ‘Samples for most other types of analysis
include refrigeration (for organics) and acidification (for metals). Freezmg is not usually
employed because it can cause physical-chemical changes fragrnem sediment particle

structures, and change the representativeness of the sample.
Sampling Water
There are many different types.of waters that can be. sampled but, other than

the samphng equ1pment itself, most of the samples are treated smularly once they have been

collected. In the case of groundwater, the drilling of 2 well and the contaminants that may

be associated with the materials used in well construction are considered to be a part of the

overall sampling equipment and are discussed in the subsection on groundwater. The types
of water that may be most commonly sampled at contaminated sites include: surface waters

(rivers, lakes, artificial impoundments, runoff, etc.), groundwaters and springwaters,

~ wastewaters (mine drainage, landfill leachate, industrial effluents, etc.), and ice. Other types

of water that may infrequently be sampled, 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 (drinking) waters, glacial melt waters, stea;nh water

for subsurface injections, and water discharges including waterborne materials. 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.
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Problems Unique to Sampling Water

Waters are usually very heterogeneous, both spatially and temporally (with
time), making it difficult to obtain truly representative samples. Solids with specific gravities
only slightly greater than that of water are usually inorganic. They will remain suspended
in the flow but also will form strata in smoothly flowing channels. Oils and solids lighter
than water (usually organic) will float on or near the surface. Some liquidS', such as
halogenated organic compounds, are heavier than water and these will sink to the bottom.*
The chemical composition of lakes and ponds also may. vary significantly 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 is common. In lakes shallower than
about five meters, wind action usually causes. mixing, so neither chemical nor thermal
stratification is likely for prolonged periods; however, both may occur in deeper lakes?
Rapidly flowing shallow rivers usually show no chemical or thermal stratification, but deep
rivers can exhibit chemical stratification with or without accompanying thermal sttatification.
Stratification may also commonly occur where two streams merge, such as the point where

an effluent enters a river.

Stratification is also a problem with ocean sampling; various species 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 always a problem, and it increases in
importance as the analyte concentration 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 materials can be significant and material
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blanks become very important. However, many potential contamiination sources are

common to all water samples.

Groundwater vulnerability to contamination is affected by water depth,

recharge rate, soil composition, topography (slope), as well as other parameters such as the

volatility and persistence of the analytes being determined. In planning groundwater
sampling strategies, knowledge of the physical and chemical characteristics of the aquifer
system is necessary (but almost never known). Groundwaters present special challenges for

obtaining representative samples:?

Review Site Information and Reconnaissance

Site information should be reviewed for sources of possible water
contamination in a manner similar to that described above for soils and sediments. The
* more background information that can be found the better the samphng and analysis

programs can be planned

Also, as described in earlier sections, a preliminary site reconnaissance to

inspect the potential locations where water samples will be taken will help significantly in
| planning the -sampling efforts. Surprises can often be avoided and plans can be made to
include any special sampling or safety equipment to overcome unusual physical barriers if

an adequately planned site visit is made prior to the full sampling effort.

Representative Sampling Approaches

The following general principles apply to the collection of representati\}e water

samples'*:

. Do not include large non- homogeneous particles, such as leaves and

detritus, in the sample.
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o In flowing waters, place the sampling apparatus upstream to avoid
contamination. Sampling from the upstream side of a brldge enables
the collector to see whether any floating material is coming
downstream and aids in the prevent1on of comanunauon of the sample.

. Collect a suff1c1ent volume to- permit replicate analyses and quahty
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 dependmg 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
variety of environmental conditions?' Special guidelines, discussed later, apply to obtaining
representative samples from groundwaters, rivers and streams. Additional special guidelines

apply-t6 sampling all types of surface waters under winter conditions.

Collecting Representative Water Samples from Rivers and Streams

For water quality sampling sites located on a homogeneous reach of .a river
or stream, the collection of depth-integrated samples in a single vertical may be adequate.
For small streams a grab s,ar’nple taken at the centroid of flow is usually adequate.* When
a single fixed intake point is 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?’

For sampling sites located on a nonhomogeneous reach of a river or stream,
it is necessary to sample the channel cross section ét the location at a specified number of
points and depths. The nurnber and type of samples taken will depend on the width, depth
dlscharge the amount of suspended sediment being transported and aquauc life present.

Generally, the more points that are sampled along the cross section, the more representanve
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the composne sample will be. Three to five vertical samphng points are usually sufﬁc1ent

and fewer are necessary for narfow and shallow streams.™

Some practical sampling considerations related to location and season of |

sampling surface waters are outlined below:*

~ Sampling Procedures from Bridges, Abutments, Boats and Aircraft

‘Attach sufficient 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. Dependmg on the sampler used, weights may be added the

_greater the stream velocity, the heavier the weight required. -

When sampling' from a boat, sample from the upstream side; if
sampling from a float aircraft, sample from the upstream and outer
side of the pontoons to minimize the chance of contamination from
engine oil leaks. -

When' sampling, it is important ‘that the sampling bottle not be

permitted to touch the boftom of the river or lake to avoid

contamination from stirred-up sediment; predetermme the water depth -

to prevent this.

- Rinse the sampler three or four times wrth the water to be sampled

unless the bottle contains a preservative or is sterile.

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 bottle into the metal holder, ensunng
that the ring clamp is securely locked in the holder frame by a key ring

 or suitable pin. Attach sufficient rope to the holder to permit sampling

at the desired depths. Secure the other end of the rope to a
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permanent fixture on the bank, wharf, eic. Sampling weights should
be added as requlred as dictated by stream velocity.

Throw the bottle with holder well out into the stream. In the case of
very shallow streams (approximately 0.5 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, debris and
other floating materials.

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 times with the water collected
above. It is important that the sample bottle be well rinsed with the
water to be sampled before the sample is collected unless preservative
has been added to the sample bottle prior to samphng or the bottle is
stenle

Collecting Representative Ice Samples

Representative sampling of ice and snow under winter conditions also requires

special considerations:*

Overlying snow should be removed from the ice surface to provide a

suitable working area.

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

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 debris and ice chips; use a dip

net or other "deslushing” device.

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 conditions. An insulated box should be used and care
taken to prevent samples from freezing in sub-zero temperatures.
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When collecting ;epresentat-ix)e samples of ice the location of collection devices
is especially important. The chemical composition of ice reflects the chemical eompositibn
of the surface water and the rate which it forms ice. The dust and/or plankton it entraps
hgs been shown to contribute concentrations of metals such as iron, titanium, and
molybdenum. - Furthermore, silicon, aluminum, phosphorus, barium, strontium, and
manganese (and probably organic contaminants) may show concentration-depth relationships
in ice. Therefore, if geochcrﬁical (spatially related) data are‘ desired, composite sampling
from multiple locations is sufficient, but if data on water composition in relation to the ice

in contact are desired, then the ice must be sampled in a series of strata®

Special QC proble‘ms also occur during win.ter sémpling, 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 melt water immediately under the ice, and this water is not representative of the
water chemistry of the system. Thus care must .bve taken to ensure that samples are

collected from a stratum that is below the ice-water interface?"

The in-situ measurement of the general variables pH and specific conductance
(Ta‘ble 1) during winter conditions, must be carefully scrutinized, since sotne of the
measurement meters do not function well in cold temperatures. For example, conductivity
meters may give erroneous results '(ﬁsually biased low) if slush or ice is allowed to build up

around the thermistor or in the conductivity cell®

Another problem associated with winter sampling, involves sample handling.
It is essential that water samples are not allowed to freeze prior to analysis. This is
particularly imporiant for samples with high concentrations of organic matter, as freezing
and subsequent thawing can result in flocculation of dissolved and colloidal orgé.nic
compounds. Thus, it is necessary to work from a heated veh‘icle_, such as a mobile laboratofy

during the winter months?
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Collecting Representative Groundwater Samples ’

In order to collect representative groundwater samples, temporal issues 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 periods of high
agricultural chemical usage. In constructing and using monitoring wells, alteration of the
water being sampled must be minimized. Care must be taken during the drilling process'
not to cross contaminate aquifers with loosened topsoil possibly laden with
agricultural/industrial chemicals. Well construction and materials can profoundly influence

the chemical composition of samples, so material blanks are important.*

Purging wells before sample collection eliminates stagnant water. The method
and rate of purging, time between purging and sampling, and saﬁlplin‘g 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” The standard purge volume obtains a
stabilized concentration of the parameter of interest. Purge volumes usually range from 3

to 10 well volumes. Sometimes changes in pH, temperature, or conductance measurements

- can be monitored in consecutive samples to determine when a sample is representative, i.e.,

_ when surrogate values stop changing

Select the material for well construction carefully. Cement used for polyvinyl
chloride (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® ¥

. Sampling devices and sample containers are always likely sources of
contamination. ~Carryover between samples from the sampling device also must be

prevented. Contaminant leaching from sampling devices and containers is very complex and

requires serious attention. Table 10 shows the types of contaminants caused by materials
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used in sampling devices and well construction monitoring. Additionally, tin and lead are
common contaminants to water transported through soldered pipes. Water containing high

calcium levels tends to extract lead preferentially, but tin is removed in small amounts for

many years?

-Tabl_e_ 10. Potential Contaminants from Sampling Devices and Well Casings

—

Material

Contaminants Prior to
Steam Cleaning

Rigid PVC-threaded joints

Chloroform

'Rigid PVC-cemented joints

Methyl ethyl ketone, toluene,

acetone, methylene chloride,
benzene, organic tin compounds,
tetrahydrofuran, ethyl acetate,
cyclohexanone, vinyl chloride

Flexible or rigid Teflon® tubing

| N Qge‘ detectable

Flexible polypropylene tubing

N bne detectable

Flexible PVC plastics tubing

- Phthalate esters and othe'_r

plasticizers

Soldered pipes -

Tin and lead

Stainless steel containers

Chromium, iron, nickel and

- molybdenum

~Glass containers

Boron and silicon

Sampling protocols often recommend that samples that analyze groundwater

]

monitoring wells for metals be field-filtered under pressure before preservation and analysis.

Samples collected for metals are usually acidified; acidification of unfiltered samples can

compounds analyses, however, are never filtered.?

‘lead to dissolution of minerals from suspended clayé. Samples to be collected for organic

As discussed above, blanks are used to assess contamination. Blank samples
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baékground blanks. Selections should be made by considering all likely sources of

contamination for the specific situation.

Analyte sorption is also a common problem. PVC 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 is important not to
prerinse the glass sample bottle with sample before collection. It is equally important at the
laboratory io rinse the sample containers with portions of extraction solvent after the water

sample has been quantitatively transferred into the extraction apparatus.

Tubing material used in automatic sampling devices is important; depletion
of halocarbons from water depends more on the tube material than on the tubing diameter
(surface area). However, when a constant flow rate is used, losses are more likely to occur
with an increase in tubing diameter. Thermoplastic materials (e.g. polypropylene) appear

to sorb many organic analytes efficiently, so they should be avoided in sampling devices?

PVC reportedly containing zinc, iron, antimony, and copper may leach these
metals into water samples. Polyethylene has been reported to contain antimony which may

also leach into water® Flexible PVC and plastics other than Teflon® usually contain

‘phthalate esters which may also leach into water samples Phthalate esters interfere with

- instrument sensitivity by masking other contammants

Sorption of metals at low concentrations on container walls depends on the
metal species, concentration, pH, contact time, sample and container composition, presence
of dissolved organic carbon and complexing agents. Preserving metals samples with acid

usually prevents this problem.

Variations in the permeability of an aquifer can affect the representativeness

of groundwater samples. If the wells have varying recovery rates, varying concentrations of
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the analytes will result. Vertical gradients of flow between permeable strata within an

aquifer can result in samples from multiple zones withifi one well 3
Selecting Sampling Locations

The use of proper sampling techniques and good judgment to obtain
representative water samples is of utmost importance. In the field various sampling
situations occur which require different sampling techniques. Situations in which water is
shallow are handled in 2 manner and with apparatus different from that used at deep water
sites. Field techmc:lans must be eqmpped to handle these situations. In addition, special

conmderanons and precaunons mentioned above must also be taken during periods of ice

and snow.*

Rivers and Streams

Since the fluvial characterxstxcs of a sampling station can change with season :

annual maximum and mlmmum flows and year-round acce551b111ty should be considered
when establishing a sampling station on a river or a stream. When visiting an existing
sampling station or when establishing a new site, the field investigator should take a variety

of sampling equipment so that he of she is prepared for any situation.!*

Some of the key factors involved when locating sampling stations at rivers and

streams include:

o Access to desirable sampling points;

° Entrance and mixing of wastes and tributaries;'

° Flow velocities in times of water travel;

o Marked changes in characteristics of the stream channel;

. Types of stream bed, depth and turbulence; and

‘e Artificial and physical structures such as dams, weirs, and wingwalls.
7
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Variations 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.!

Ready accessibility to sampling stations which extend across the width of a
river or stream, can sometimes be difficult, and it is therefore not unusual to collect water
and/or sediment samples from bridges. The main sampling location should generally be at
the bridge mid-point with additional sampling locations nearby when spgtial discontinuities -

are expected.

Although sampling from bridges has some obvious advantages, there also are
some possible 'contamination‘ problems. Most of these structures are made of metals,
concrete or creosoted timer ‘a;nd therefore caution must be exercised to avoid heavy metal,
major ion, and organic contamination, respectively. In addition, many of these structures
are subject to heavy vehicular traffic and thus there is a possibility of sample contamination

by organics, heavy metals (e.g. leaded fuels) and road salts?

In order to avoid sample contamination while sampling from a bridge, 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 result in concrete dust formation by the abrasive action of raising and
- lowering the sampler?

Sometimes samples from rivers and streams rust be collected from the shore, -
which also results in QC problems. Before establishing these stations, it may be necessary
to perform some vcross-sectional sampling to ensure that the littoral samples are
representative of overall quahty conditions. If samples are collected by wading, water
should be taken upstream from the techmaan s posmon in order to avoid contamination by

re-suspended sediments?!
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- Groundwaters -

Groundwater /well water sampling at municipal and domestic wells is best, if
possible, at locations prior to any purification/treatment proééss. This mdr_e accurately
determines what contaminants are in the aquifer. Chlorination, filters, softeners, and other
treatments ;uch as iron, acid, pdta_sh, etc., may chen‘ﬁcally alter or physically adsorb the
analytes of interest. Also, histories and knowledge of any chemical usage in or near wells
can provide valuable information. For example, some domestic well owners have been

known to pour bleach into their wells as a disinfectant®

Wells at contaminated sites should be drilled above and below the suspected

place of contamination. A grid similar to that used for sampling soils also may be employed
to gather geostatistical samples at a site. More detailed information on groundwater
sampling can be found in the National Sites Remediation Program’s, "Handbook on

Subsurface Assessment."*!

Lakes

Lake water sampling often has less temporal variance (but greater spatial
variance) than river or stream sampling. This observation favOuvrs the use of lakes for long-
term trend asses,sments, as the monitoring costs are potentiaily reduced. As a general rule,
water and sediment sampling stations in lakes should be located near the center, at the
greatest depth, to avoid shoreline effects. Lake depth should be at le'astv ten meters, for
stable thermal conditions and dystrophic or bog lakes should be voided, Lakes that are fed
by large inlets also should be a\}o‘ided because of the possible dominance of stream

characteristics.
Headwater lakes can be affected by ,a'trnospheric_ deposition and therefore

sampling stations should be located on the most elevated sites of the basin, away from

agricultural lands and urban areas, to avoid local climatic effects?
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Samples from lakes often are collected from stations which require the use of

aluminum boats, rubber rafts and occasionally, helicopters. Use of these means of transport

muist be project specific with particular emphasis placed on the anailyte list (Table 1). Thus,

~ if heavy metals are the major cohcern, a rubber boat should be used, while an aluminum

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 oil and gasoline from i

“the outboard motor might contaminate samples® For lakes which have poor accessibility,

it may be necessary to use a helicopter; however, this increases the risk of contamination .

of samples with fuel and kerosene fumes.

Selecting Sampling Equipment

Sampling devices must be cons'gructed of materials compatible with the matrix
and target analytes. Hardware should be stainless steel: plated or painted hardware is not

acceptable. Equipment (rinsate) blanks are very important. Usually double or triple-

distilled water is used to rinse sampling equipment prior to its use.

Medical grade 51hcone rubber in peristaltic pumps avoids sample
contamination by the organic perox1des used in the -manufacturing of conventional grade
silicone rubber and the tube compression reportedly does not alter or contaminate
samples It orgamc species are being collected, the rest of the tubing should be Teflon®.
When sampling for water quality parameters (pH colour, chloride, dissolved oxygen, etc.)
polyvinyl chloride (PVC) tubing may be used, but it should be of food- -grade quality to |

prevent phenolic compound contamination of samples?

Any sorption of the analytes of interest, inl or on the sampling device; must be
documented. If such information is not available then 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 then the samples obviously are

not valid, and other means of sampling must be used.
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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?

Samplers are designed to collect either discrete or composite samples and
most are capable of gathering either timed interval samples or samples proportional to flow.
Various designs for automatic samplers are available, and selection usually depends on their

intended use. Slgmflcant selection factors are’

Intake velocity;
Watertightness;

Electrical or insulation quality;
Explosion proof quahty, and
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 capé should generally be used when

organic compounds are the analytes of interest. In contrast, when metal species aré the -

é.nalytes of interest, the samples generally should be collected in plastic (usually

polypropylene) or glass containers with added nitric acid for stability™

Characteristics of Various Tvpes of Water Samplers

There is 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 solids concentrations than peristaltic pumps. If the strainer of a ‘vacuum

- sampler is allowed to rest on the bottom of the samplihg site, the high intake velocity can
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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 samiplers is that their metering chambers can serve as a source of

‘cross contamination between samples due to their relatively large wetted surface areas.

However, one advantage of vacuum samplers is that they tend to keep heavy solids in
suspension. Another advantage of vacuum samplers with metering chambers, and also
peristaltic pumps that can compensate for water level changes, is more accurate sampling

when the water level varies significantly from one sample interval to the next?

Discrete samplers can take individual samples, usually at uniform time
intervals, and retain them in separate containers for analysis. Two optional modes. of
operation include nonuniform time intervals and time override of ﬂow-prdportioned
sampling. Nonuniform time intervals give the option of programming different times

between samples. They are useful where variations in flow or analyte concentrations occur?’

Composite samplers mix samples together in a single container. Their

advantage is that many frequent samples can be taken and a time averaged sample is

obtained. However, if infrequent events with large concentration variances occur, this
information may be averaged out by dilution. A flow-proportioned composite sample, in
which small aliquots are collected over small increments of flow, provides the most

representative sample of the flow over a given time?

Sampling devices selected for groundwater monitoring should consider the well
diameter and yield as well as the limitations in the lift capacity of the devices and the
sensitivity of the analytes to construction matetials. Groundwater sampling devices should
be c_iesigned to avoid excessive aeration so that analyte volatilization and oxidét_ion are
minimized. Loss or introduction of gases or volatile organics can affect analytes of

t30

interest™ Commionly used devices include electric submersible pumps, bailers, suction-lift

pumps, and positive displacement bladder pumps; the latter being generally considered the

best for accuracy and precision under many circumstances.
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Bailers are often used for both purging and samplmg small diameter shallow
wells, but they have the disadvantages of mixing; collecting particulates from the well bottorm
or casing, and aerating or degassing volatile analytes from samples®® Some of these
disadvanté’ges can be minimized by modifying a bailer for a bottom draw valve or a dual
check valve and gently lowering it into the water. Another problem is having organics from
the air absorbed into the water as it is poured from the bailer 10 the sample container?
Thus, field blanks. are especially important when using bailers é.nd should always..be

collected when using this device.

Suctibn lift and gas displacement purips ofteh measure the amount of sample
delivered inaccurately. In addition, they will cause degassing and the loss of volatile

components in the samples™

Common Sampling Equipment

There are many different types of samplers and a few of the most common

used in Canada are briefly described below.”

o Depth Integrating Samplers

A depth-integrated sample may be taken by lowering an open sampling
apparatus t0 the bottom of the water body and raising it to the surface
at a constant rate so that the bottle is just filled on reaching the
surface. This procedure will result in a sample which approximates-a
theoretical depth-integrated sample. Depth integrat’i‘on may not be
possible in shallow streams where the depth is insufficient to penmt
integration. :

1
]

° Sampling Iron
This apparatus is a device which is made of iron and "pa:mted with a
rust inhibitor. Typically, it uses a 2:L sample bottle but smaller bottles
also rnay be used.

The sarnple bottles are placed in the sampler and secured by a neck
holder. In some cases, sampling irons may have provision for
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additional weights to ensure a vertical drop in strong currents. A
depth-integrated sample is 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 bottle
has just been filled when reaching the surface.

Discrete samplers are used to collect water at a specific depth. An
appropriate sampler is lowered to the desired depth, activated and
then retrieved. Van Dorn, Kemmerer and pump type samplers are
frequently used for th1s purpose '

Van Dorn Bottles

The Van Dorn bottle is designed for sampling at depth of 2 m or
greater. The sampler is available in both polyviny! chloride and acrylic
plastic materials so that it may be used for general or trace metal
sampling. End seals are made ‘of semi- rigid moulded rubber or rigid
machined plastic with gaskets and 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 shghtly dependmg on
/its size and style, the basic procedure is the same:

- The sampler is opened by raising the end seals;
- The trip mechanism is set;
- The sampler is lowered to the desired depth;

- A metal or rubber messenger is activated to “trip" the
mechanism that closes the end seals of the sampler; and then
- the water sample is transferred from the Van Dorn bottle to

- individual sample containers via the drain valve.

Kemmerer Sampler

The Kemmerer style sampler is commonly used in water bodies with
a depth of 1 m or greater. It is available in brass and nickel-plated
brass for general water sampling. For trace metal sampling,
Kemmerer samplers are made of polyvinyl chloride and acrylic plastic
with silicone rubber seals. Both metal and plastic samplers are
available in volumes ranging from 0.5 to 8L.

The operation of the Kemmerer sampler is the same as that for the
Van Dorn bottle.
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. Pumps

‘Three tfypes of pumps - diaphragm, peristaltic and rotary - are available
to collect samples from specified depths. In general, diaphragm pumps
are hand-operated; the peristaltic and rotary pumps require a power

source and consequently they 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 its own bottle. When the samples are of equal volume,
information concerning the instantaneous variability between the
replicate samples can be obtained.

The sampler may be altered to accommodate different sizes and
numbers of bottles according to the requ1rernents of specific programs.

' This may be done by changing cup sizes, length of cup sleeves and the

'conflguratlon and size of openings in the clear acrylic top.
- Sample Preservation and Storage Guidelines

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 vs,amples which closely represent the aquatic environment from which they are taken. To
ensure consistency and effic‘iency‘-, .sample handling (filtration, decantation, centrifugation,
sample splitting, etc.) preservanon storage and transportation procedures must be properly

and accurately documented and adhered to bv field personnel21

Preservatives should be prepared from Ultrex Grade or similar grade
chemiicals, and care must be taken to ensure that the water sample is not contaminated by
‘impuriti'es residing in the added preservative. In adding presérvatives 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 10 the field blank bottles in the laboratory prior
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to the field trip, should be encoﬁraged. The preéérv&ﬁon of blanks can then be carried out
in the field? '

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 temperaturé control. The chemistry of
all analytes must be considered, and it should be recognized that certain reactions, e.g.,

hydrolysis, may still occur under recommended preservation conditions?

' Holding. time is the length a sample can be stored, after collection and
preservation and before preparatidn and analysis, without significantly affecting the
analytical results. Holding timés vary with the aﬁalyte, preservation technique, and
analytical methodology used. Usually maximum ho.lding times (MHTs) are specified by the
method and they must be considered and plannéd for when sampling and analysis protocol's‘ :

are being developed.

MHT: 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 hal"ogenate.d compounds that may undergo

dehydrohalogenation) have proven stable in water samples for much longer times®

Water samples are in a chemically dynamic state, and the moment they are
removed from the sample site, chemical, biological, and/or physical procésses that change
their compositions may commence. Analyte toncentrations may become altered due to
volatilization, sorption, diffusion, precipitation, hydrolysis, oxidation, and photochemical and

microbiological effects®
Free chlorine in a sample can react with organic compounds to form

chlorinated by-products. Dri,n,king_ water and treated wastewaters are likely to contain free

chlorine. Sodium thiosulfate should be added to remove free chlorine®
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Samples with photosensitive analytes (such as polynuclear aromatic
hydrocarbons and bromo- or iodo- cornpounds) should be collected and stored in amber glass

containers to protect them from hght.33

The composition of water samples may also change because of microbiological
activity. This is especially prevalent with organic analytes in wastewaters subjected to
biological degradation. These safnples (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 pentachlorophenol are used to kill
microorganisms, but this is not common because. of their potenitial for reacting with other
analytes® Recent studies have indicated thét sodium bisulfite addition may be just as

~ effective for preserving water samples for organic analytes as the addition of hydrochlonc
acid®

Samples preserved by cooling should be cooled first in a refrigerator or with

"wet" ice (frozen water); "blue ice", a synthetic glycol packaged in plastic bags and frozen,

is acceptable for maintaining low temperatures. Initially, blue ice cools less efficiently, and
it may take longer to lower sample temperatures® A maximum temperature thermometer

will document whether temperatures exceeded desired values during storage.

Analytes also may fbrmv salts _t-hat 'precipit,ate-. ‘The most common occurrence
is precipitation of metal oxides and hydroxides due to metal ions reacting with oxygen. This
precipitation is usually prevented by adding nitric acid; the combination of a low pH (less
than 2) and nitrate ions keeps most metal ions in solution. Other acids (especially

hydrochloric and sulfunc) may cause prec:lpltauon of insoluble salts and/or analytlcal
interferences™

. Waters with cyanides or sulfides require added sodium hydroxide to ensure
that hydrogen cyanide or hydrogen sulfide gas is not evolved. Waters with ammonia are

preserved by adding sulfuric acid. However, addition of sodiurn hydroxide or sulfuric acid
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may precipitate other cations (especially metals), so separate test samples are necessary

when cyanides, sulfides, or ammonia are target analytes.

Water samplés must be well stoppered and packed, to prevent spillage and/or
bre,ékage. Labels bearing the sample id}ent-if'ication, 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. Also, a check must

be made to ensure that all samples bottles recorded on the field sampling sheets have been

. placed in a given carton, before shipping is effected. 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 in each box.

Sample Collection, Preservation and Storage by Method

Most of the analytical methods summarized in Volume Two also have
instructions for collecting, preserving and storing samples. A summary of these
requirements for each of those methods is provided in Table 11A, 11B, and 11C. 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-numenc order since many of the methods cover portlons of more than one

of the eight major categories of the analytes of interest.
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Table 11A. Sample Collection Preservation and Storage for Organics

J Method No./Type:

Sampling and Presecrvation,

Storage

‘EPA-502.2, Rev. 0
Cap. GC/PID/ELCD
(VOA)

Use a 40-120 mL screw cap vial (prewashed with detesgent, rinsed:

with distilled water and ovén-dricd at 105°C) with a

polytetrafluorocthylene (PTFE) faced silicone: scpluih. If residual
chlorine is iii the water, add aboui 25 mg of ascorbic acid (or 3 g of
sodium thiosulfate) 1o cach vial before collection of bubble-free.
samples. Add hydrochloric acid(1:1) until a pH of <2 is achieved.
Seal botles with PTFE faced down and shake vigorously for one

. diately cool ples to about 4°C.

. stored as. their vapors-may cont

The maximum holding time is 14 days from the date. of collection. ‘Do
not store samples in-a refrigerator where other volatile chemicals are

te these pl

EPA-505, Rev. 0
GC

I ‘Fill a-40°mL screw cap vial (p'rc-washw with detergent, rinsed with.

distilled water-and dven dried a1 400°C for one hour) with a PTEE-
faced silicon septum wiih samiple. Each viaf shiuld:contain 3 mg of

C.
10 the phng:

sodium thiosulfate crystals prepareiibefore: shif

- site. - Alternatively, add 75 ulL of a sodium ihiosulfate solution (0.04

g/mL) to the vials just prior to pling. Cool samples 10 4°C at-the

time of collection.

Store samiples-at 4°C for maximin of 14 days ffos the date. of
collection. I0heptachlor is 1o be determined, the maximum.hold tine.
should be 7 days.

EPA-507, Rev. 2
GC/NPD

v8

Grab' samiples are collected in | L glass sample: botiles (pre-washed
with detergent and hot tap water, rinsed with reagent water, and. dried
it an-oven at 400°C for 1 hous) with screw caps lined wiih PTFE-
fluorocarbon. Add mercuric chloride to the sample botile in amounts
to produce a concentration.of 10 mg/L. I residual chlorine is.present,

add 80 mg of soditim thiosilfate per liter of sample (o the sample boule-
[ prior 0 collection.  Afier collection, seal bottde and shake vigorously

for L minute. Cool:sample 10 4°C immediately.

Stire samples at 4°C in the dark until extraction, Samples containing.
disutfoton sulfoxide; diazenon, pronaniidé, and terbufos must be
extractediimmediately. Most of the other analytes were stable for 14
days under these conditions during preservation studies, However,

carboxin, EPTC, fluridone, ‘metolachlor, napiopamide, tébutburon,
-and terbacil exhibited: recoveries of less than 60% after 14 days during

peeservation studies.  Extracts.should be stored af 4°C in the dack fug

-a maximum of 14 days.

EPA-515.1, Rev. 4
GC/ECD

. Grab samples are collectedin 1 L. glass sample bottles (pre-washed

with détergent and hot tap waier, rinsed with reagent water, and dried’
in an ovénat 400°C for 1 hour) with screw caps lined with PTFE-
fluorocarhon. Add .mercuric chloride 1o the sal'nplc botile in amounts
to produce a.concentration of 10 mg/L. If residual chlorine is present,
add 80 mg of sodium thiosulfate per liter of sample to the sample bottle
prior to collection. After collection, seal botile and shake vigorously
for | minutes. Cool samplé 1o 4°C immediately.

i

- Store samples at 4°C in ihe dark untib extraction. Maximum hold
- times are 14 days for samples and 28 days for extracts.
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Table ']llA - Continued

Method No./Type

Sampling and: Preservation

Storage

EPA-524.2, Rev. 3
Cap. GC/MS (VOA)

Use a 60-120 ml. screw cap vial (pn-washed with detergent, rinsed

_with distilled water and oven dried at 105°C) with a PTFE-faced

silicone septum. If residual chlorine is in the water add:dbout 25 mg of
ascorbic acid to each vial before samiple collection. Collect hubble -free-
samples. Add hydiochloric acid until a pH: of < 2 is achieved and
immediately cool:samples to about 4°C.

The maximumy holding time is 14 days from the date of collection. Do
not store samiples in a refrigerator whem other volatile chemicals are:
te these samples. -

slored :as their vapors may .cont

- EPA:531.1, Rev. 3
HPLC

Grab samples are collected in 60 mL glass vials (prewashed with
deétergent and hot tap water, ninsed with. reagent'walter, and dried in an

" oven at 450°C fur 1 hour) with screw caps equipped with a PTFE-

faced silicon septa. Add 1.8 mL of monachiloroacétic acid buffer to the
sample bottle 10 adjust sample to pH 3. I residual chlorine is present,
add 80 mg of sodivm Wiiosulfaté pex liter of sample to the sample bonle
prior to collection. After collection, seal bottle and' shake v:gnmusly
for | minute. Cool ple 1o 4°C immediatcly.

Samples must be retrigesated al 4°C from time of collection to
storage.  Samiples must be stored at -10°C uniil analyzed. Maximum

‘hold time for samples is 28 days. when adjusted 10.pH 3 and stored at -

10°C.

SM-6220C :
GC/PID-Purge & Trap

Use a 25 or 40 mL vial (pre-washed with detergent, rinsed with

distilled water, and oven dricd at 105°C for one howr) equipped with a -

sCrew 'cap with a PTFE:faced silicone septum. If residual chlonne is
present, add abow 25 mg/40 mL of ascorbic acid or vther appropriate
reducing agent, to each vial. For saniples that conlain volalile.

'  constituents but- do not comtain residual chiorine, add 4 diops of 6N
HEW40 mL 1o:prevent biodegradation and dehydrohalogeanation.

Collect bubble-free samples in duplicate dnd prepare replicate ficld
reagent blanks with cach samiple set.

Immediately cool samples 10 4°C. The maximum holding time is 14.
days from the date of collection. Do not store samiples in a
refrigerator where other volatile chemicals are stored ‘as their vapors

may contani these ples.

SM-64108 )
Packed GC/MS (B/N/A)

Collect grab samnplesin | L amber glass boitles fined with a screw cap
lined with PTFE. Foil may be substituted if samples are not corrosive.
If amber botiles ate not available, protect samples from light. Sample:
bottles should be-washed and sinsed with aceione or meihylene
chioride, and died before use. Collect composite samples in
refrigerated glass containers. Refrigerate sample containers at 4°C and
protect from light diring compositing.. Fill sample bottles and, if
sesiduial chlorine is present, add 80 mg sodium thiosulfate per liter of
sample and mix well.

Cool samples10 4°C and keep refrigerated from time of collection’to
extraction.  Extract samples within seven days of colléction and

analyze completely within 40.days of extraction.

NOIAVUNOaAaNOD
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Il Mecthod ‘No./Type

Sampling and Preservation

Storage

" SM-64208
Phenols by GC/FID or
ECD

Collect grab samples in 1 L amber .glass bottles. fitted with a screw cap
lined'with PTFE. Wash and tinse battle-and cap liner with-acetone or
methylene chloride and dry before use. Collect composite samples in:
refrigerated glass comainers. ‘Optionally, use automatic sampling
equipment:as free as possible of plastic wbing and dther potential
sources of contamination; iicorporate glass sample containess for
collecting a minimum of 250 mL. Refrigerate sample containers at
4°C andprotect from light during compositing.  Fill sample botiles
and, if residual chlorine is present, add 80 mg soditim thiosil{ate per
liter of sample and mix well. Cuol samiples immediatety to 4°C.

-Maintain samples.at 4°C from time of collection until extraction.

. ‘Extract samples within 7 days of collection and analyze cnmplclcly

. within 40 days of extraction.

“ EPA BOR0B, Rev. 2.
GC
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Liguid Samples: Usc a | gallon or a 2:1/2 gallon amber glass with a
screw-top Tellon lined cover. Pre-wash with detergent, rinse with

-distilled water and methanol (or isopropanol). Flush glassware

inunediately before use with some of the isanie solvent that will be used

‘in the analysis: Cdol 1o 4 €. If residual clilorine is present, add 3 mL

of 10% sodivim thivsulfate per galion aid coil 10.4 C.

Soil/scdimerits and shidges: Use an'8 oz. widemouib glass with a

screw-top Teflon lined cover. Pre-wash with detergeit, sinse wiih
distilled water and methanol (or isopropanol). Flush glassware
“ummediately beforé use with some of the same solveat that will be used

in the -analysis.

Liquid sampiles must be exiracted within 7 days and extracts analyzed
within 40 days. Soil/sediments may be stoied for a maximum of 14
days prior to extraction.  All extracts and samples should be siored
uitder refuigeration away from the presence of exhaust fumes.

EPA-8240B, Rev. 2
Cap. GC/MS (VOA)

‘Liquid Samples: Use a 40 ml. glass sciew-cap VOA vial with Teflon-

faced silicone septum (pre-washed with -detergent, rinsed with distilled
deionized witer and ovea dried at 105°C for. | hour). If residual
chlorine is present, collect sample in a 40 oz. soil VOA container
which hasibeen pre;preserved with 4 drops of 10% sodiom thiosulfate.

1 Mix gently and transfer 10 a 40 mL V()A vial. Add4 drops of

. concentrated HCL and cool o 4°C Colleci bubble-frec samples in
1 duplicate.

Soil/Sediments and Sludges: Use an 8 oz. wide-mouth glass with;_

Teflon-faced silicone. septum (pre-washed with deiergent, rinsed: with
distilled: deionized water and oven dried at 105°C for | hour). Tap
slightly. to eliminate free air space. Collect in duplicate and cool to
4°C.

" The two vials/glasses from each sampling should be scaled in separate v

* plastic bags and'stored a1 4°C for a maximum of 14 days from date of
collection:
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Method No:/Type

Sampling and Preéservation

Storage

EPA-8260A, Rev. |
GC/MS Cap.

Liquid Samples: Use a 40 ml. glass screw-cap VOA vial with Teflon-
faced silicone septum (pre-washed with detergent, rinsed with. distilled
deionized water and oven dried a1 105 C for 1 hour). If residoal

- chlorine is present: collect sample in a 4 oz soil VOA container which

has been pre-preserved with 4 drops of 10% sodium thiosulfate. Mix.

gently and transfer to a 40 mL VOA vial. Add 4 drops of concentratéd

HCL and coof to 4°C. Collect bubble-free samples in duplicate.

Soil/S¢dimerits-and Sludges: Use a 8 oz widemaouth glass- with Teflon-
faced silicone sepivm (pre-washed with ditergent, ginsed with distilled
deionized'water and oven diied at 105 C for 1 hour). DO NOT hewt
septum for more than | hour. Tap slightly to ¢liminate free air space.
Collect in duplicate and cool 1o 4°C.

The two vials/glasses from each sampling should be sealed in separate
plastic bags and stored at 4°C for a maximum of 14 days-from date of

collection.

v

EPA-8270B, Rev. 2
Cap. GC/MS (B/N/A)

Liquid Samples: Use a ) gallon or a 2 1/2 gallin aimbeér glass bottle
with a screw-tap Teflon lined cover. Pre-wash with detergent, rinse
with distilled water and methanol (or isopropanol). Flush glassware.
immediately before use with some of the same solvent thai will be used
in the analysis. Cool samples to 4°C. If residual chioriue is present,
add 3 mL of 10% sodium thiosulfate per gallon and cool to:4°C.

- Soil/Sediments & Slodges: Use an'8 oz. widemouth glass with a

screw-top Teflon lined cover. Pre-wash with detergemt, rinse with
distilled water and methanol (or isopropanol). Flush glassware
immediately hefore use- with some of the same solvent that will be used
in the analysis. Cool samples to 4°C.

Liguid samples must be extracted within 7 days and exiracts-analyzed:
within 40 days. Soil/sediments and sludges may be stored for a
maximum of 14 days. Do not store in the preseice of exhaust fumes.

EPA-8280, Rev. 0
Cap. GC/MS

- (PCDD/PCDF)

_ Grab and composite samiples must be collected in 1L or 1-quart amber

glass bottles.  The bottles must be acid-washed and- solvent rinsed

‘before use. Teflon-lined screw-caps should be used with botiles. 1If

compositing equipment is used, the system musi incorporate glass.
sample containers for the collection of a minimum of 250 mL. No
Tygon?® or rubber iubing may be used. '

Samplcs nitist.be stored at 4°C, exiracted within 30 -days and analyzed
within 45 days of collection.
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Method No./Type

Sampling and Prescrvation

=

Storage

' EPA:8290, Rev. 0
HRGC-HRMS
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. Samgle collection personnet should, 1o the extent possible, homogenize

samples in the ficld before filling the sample comainers: The analyst
should make a judgmerit, based:on the appearance of ihe sample,
regarding the necessity for additional mixing before 1aking -an. aliquot
for analysis. :

Liguid Samples: Usc a 1-gallon or a 2 1/2 gallon-amber glass bottle
with a-screw-top Teflon fitied cover. Pre-wash with detergent; rinise
with distilled water and methanol (or isopropanof). Flush glassware
immediately before:use with some of the same sobverit-that - will be used
in the analysis. Cool sasiples 1o 4°C. If residual chilorine is present,
add 3 mL of 10% sodiim thiosulfate per gallon and cool 10 4°C.

Soil/Sediment & Sludges: Use an 8 oz. widemoith glass Wi!h 8 SCrew-

dop Teflon lined cover. Pre-wash with detergent; rinse: with distilled

water. and methanol (or isopropanol). Flush glassware immediately

. before use with some of the: same: solvent that will be used in the

analysis. Cool samplesito 4°C.

Store all samples except fish and adipuse tissue samples-at 4°C in the.
dark. Samples-must be extracted within 30 days and cxtracts analyzed
within 45 days of collection.
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Table 11B. Sample Collection, Preservation and Storage for Inorganics

Method No/Type

Sampling and Preservation

Storage

|

EPA-340.2
Fluoride
(Potentiometric fon
Selective Eléctrode)

No special requirements.

No special requirements.

SM-31118B
AA (Flame-AIR)

© Use sample containers.made of polypropylent or lincar palycthylene
. with a polyethylene cap. Store samples for determination of sitver in

light-ahsorbing containers. Use only comtainers and filiers that have
been acid rinsed. Preserve samples immediately afler collection by

- acidifying with concentrated HNO, 1o pH <2.. Filter samples for

dissilved metals before preserving.

After audlfyml, sample, store. at approximately 4°C 10 pn:vcm change

in volume due 1o evaporation. Samples with metal concentrations of

several milligrams per liter are stable for up 1o six months. For

" microgram per liter metal levels analyze samples as soon as possible

after callectioi.

SM-311ID
AA (Flame-N,()

Use sample coritainers made of polypropylene or fiiicar pnl)mhﬂuu
wilh a polyethylene cap. Store samples for determination:of silver in
light-absorbing containers. Use only comtainers.and filiers ihat have

|- been acid rinsed. Preserve samples immediately afler collection by

acidifying with concenirated HNO, to pH <2. Filier samples fo
dissulved metals before preserving. ‘

Afler acidifying sainple, store at approximately 4°C o prevemt change
in voluiie due to evaporation. Samples with. metal concenteations of
sevéral illigrams per liter are stable for up 1o six moiiths. For
microgram per liter metal levels analyze samples-as soon as possible
afler collection:. '

" SM-3112B
AA (Hp)

Use sample containers made of polypropylene or lincar polycthylene.
with a polyethylene cap. Store samples for determination of silver in
light-absorbing comtainers. Use only containers and filiers that have
been acid rinsed. Preserve samples iminediately after colleciion by
acidilying with concentrated HNO, 10 pH: <2. Filter samples for
dissolved métals belore preserving.

Afer acidifying: sample, store at approximatély.4°C {o prevent change
in volume due to evaporation. Samples with metal copceairations of
several milligrams per liter are stable for up to six months. For
microgram per litcr metal levéls analyze samples as soon as possible
after collection. -

SM-3113B
AA (clecirothermal)

Use sample containers made of polypropylene or linear pulyclhylenc
with a polyettiylene cap. Store samples for determination of silver in
llghl-ahsorbmg comainers. Use only contaiiers and filters that have
been acid rinsed. Preserve samples immediately afler collection by
acidifying with concentrated HNO, to pH <2. Filter samples for
dissolved metals'before preserving.

Afler acidifying sample, store at-approximately 4°C (o prevent change
in volume due to evaporation. Samples with metal cancentrations-of

several milligrams per liter are stable for up to six months. For

microgram per liter metal levels analyze samples as soon as possible
afler collection.
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Method NG fType

Sampling and Prescrvation

SM-3114B )
AA (Hydride-As,Se)

Use sample containers made of polypropylene or linear polyethylene:

with a polyethylene cap. Store ples for détér ton of silver in

light-alisorbing comainers. Use only containers-and filiers that have
‘beenwacid rinsed. Preserve samples immediately after collection by

acidifying with concentrated HNO, to pH <2. Filter saimples for
dissolved metals before preserving.

in volume due 1o evaporation. Samples with metal concentrations of
several niilligrams per-liter are stable for up to six monihs. For
microgram per hler metal levels analyze samplcs as soon as possihle
after collection.

Storage
© Alter acidifying sample, store a1 approximately 4°C 10 prevent change

1 sMm-31208
Icp

Use sample comainers made of polypropylene or linear polyethylene
with a polyethylene cap. Store samples for determination. of sitver in-
light-absorbing comainers. Use only containers and filiers that have

| ‘heen.acid rinsed. Preserve samplesiimmediatcly after collection by
" acidifying with concemtrated: HNO, 10 pH <2. Filter samples for
dissofved metals before presérving.

in volume due to evaporatioii. Samples with metal concentrations. of
several milligeams pér liter are stable for up:to six months. For
awicrogiam per liter metal levels analyze sainples as soon as possible
afler collection.

Afer acidifying sample, store at approximately 4°C to prevent change ,’

EPA-6010, Rev. 0
~ICP

" Samples:should be collected in.borosilicate glass, lincar polycthylene,
polypropylene, or Teflon bottles that have been pre-washed with

detergent and tap water, and rinsed with 11 nitric -acid and lap waler

" or 1:1 hydrochloric acid and iap water. The appropriate collection

volume and preservative is shown in Table 11C.

" The maximum holding times from time: of colléction to time of

extiaction is shown in Table. I1C for each type of analyte.

EPA-7196, Rev. O
Colorimetric

Collect samples in 500 mL or | liter glass or plastic botiles previously

* washed with detergen, rinsed with tap water, |:1 hydrochloric acid,

tap water and Type 1l water. Cool to 4°C.

To retard the chiemical activity of Cr VI, the: samples and c;xlracls
should be stored a1 4°C. The maximum:holding time prior to analysis
is 24 hours.

‘EPA-T470A, Rev. |
Liquid Waste Vapor
Technique-Hg

Al sample coritainérs must be pn:whshcd'wilh detergents, acids, and-
reagent watér. Plastic and ‘glass containera:are both switable. Agqueous
samples.must.be acidified 10 a pH < 2 with HNO,. Non-aqueous
samples should be refrigerated, when possible.

Store non-agicous.samples at 4°C when possible, and analyze as soon
as possible. The suggested maximum hold"times for merciiry is 28
days.

EPA-T471A, Rev. |
Solid/Semi-Solid Vapor
Technique-Hg

All sample containers must be prewashed with détergents, acid, and
reagent water. Plastic and glass containers are both suitable. Aqueous
samples must be acidificd to a pH < 2 with nitric acid. Nonaqueous
samples must be refrigerated, when possible.

Store non-agueousisamples at 4°C, when possible, and analyze as
soon as possible. The suggested maximum hold times for mercury is
28 days. :
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- Method No./Type Sampling and Preservation Storage "B
l EPA-7870, Rev. 0 v Liquid Samples: Collect samples in 1 liter glass or plastic bottles- . Store sample‘ska( 4°C for a maximum of 6 months. -]
’ 2

AA/AD

h

 (previously washed with detergent, rinsed with 1ap water, 1:1 nitric

acid, tap water, 1:1 hydvochloric acid, tap water and Type: IF water).

‘Add HNO, to pH <2. Coolto 4°C.

Soils/Sediments: Collect in same type bottles as liquid samples. Solid
samples usiially reqiiire no preservation, do not adjusi pH:.

EPA-9012, Rev. 0
Colorimetric, Automated
uv

Collect samples in | liter or larger, plastic or glass bontles. Al hatiles
must be thoroughly cleanéd and rinsed 10 remove solulile materials.
Oxidizing.agents such as chlorine decompose most cyanides. To
determine whether oxidizing agenls are present, test a drop of the
sample with acidified potassium iodide (KI) - starchitest paper at the
time of collection; a blue color indicates the need for treatmerit.  Add
ascorbic acid a few cryslals at a time untit a drop-of sample produces
no color on the indicator. Then, add an.additional 0 6 g of ascorbic
acid for cach liter of water.

| ‘Samples must be preserved by adding. 10N sodium hydroxide until
- -sample pH is greater than or equal to 12 at time of cotlection.

Samples should be stored at 4°C and analyzed as soon as possible.

EPA-9040A, Rev. |
pH Elkectiometnc
. Mcasurement’

‘Not: listed.

- Nt listed.

EPA-9050A, Rev. |
Spec. Conductance

Not listed:

Not fisted.
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Table 11C. Method 6010 Sample Holding Times, Required Digestion Volumes,
and Recommended Collection Volumes for Metal Determinations.

* Digestion* Collection Holding
Measurement Volume (mL) Volume (mL) Preservative Times
Metals (except Cr 6 and Hg) . )
Total Recoverable 100 600 | HNOQ, topH < 2 6 moﬁth;
. ' ' Filter on site
Dissolved : : 100 600 HNOG; 1o pH < 2 6 months
Suspended | 100 N 600 Filter on site 6 months
Total o 100 600 HNO, t0 pH < 2 6 months
Chromium VI ' L1000 400 Coolto 4°C 24 hours
Mercury
Total ' | 100 - 400 HNO; to pH < 2 ~ 28 days

‘ : - Filter; HNQ, to -
Dissolved ' 100 | 400 pH <2 28 days

* ' Solid samples should be at least 200 g and usually require no preservation other than storing at £ C.
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- Chapter 3 . Laboratory Analyses

Importance of QA/QC Protocols

A laboratory QA/QC program is 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 1s to control analytical measurement errors at levels

.acceptable to the data user and to assure that the analytical results have a high probability

* of acceptable quality.

The data quality is ordinarily evaluated on the basis of its uncertainty when

compared with end-use requirements. If the data are consistent 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 is thus a relative

determination. What is high quality in one situation could be unacceptable in another®
Definitions of QA and QC

Quality Assurance (QA) 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 (QC) differs in that it is an overall

system of activities that controls the quality of a product or service so that it meets the

needs of users® In other words, QC consists of the internal (technical), day-to-day

~ activities, such as use of QC check samples, spikes, etc., to cortrol and assess the quality of

the measurements, while QA is the management system that ensures an effective QC system

is in place and working as intended.

The objectives of a comprehensive QA program® are to:
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° ‘Establish policies and protocols on laboratory quality control;

° Document QA methodology;

. ~ Standardize data quality control;

* . Provide guidelines for good laboratory practices;

o Establish a quantitative approach ‘to determine’ 'single/multiple
operator and overall precision and confidence mtervals of analytical
results : :

° Make available data quality mformanon documents for clients and
data users;

° Implement a mechanism for auditing laboratory operations;

o Establish a framework for high calibre analy"tic‘a] practices; and

° Provide QC statements to support analytical practices.

Selection of an Analytical Method

There are usually at least several methods available for most environmental
analytes of interest. Some analytes may have almost a dozen methods 1o select from. On
the other hand, some analytes (including a few on the list that are of interest to the National
Contaminated Sites 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 ver'ifie_d to perform acceptably with any of the |

commonly used methods.

Often initial analyses may be performed with a variety of field methods that

are used for screening. The purpdse 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 which 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 inexpensively than with conventional laboratory analyses.
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- In general, these less specific screening methods have not been included iri 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 ionization detectors (i.e, SM-6410B),

or electron capture detectors (i.e., SM-6420B and _EPA-:OJ) or other selective detectors can
be used with portable instruments or with léborato‘r‘v type instruments installed in mobile
laboratories. Under these conditions analvses are conducted on site and thus also qualify
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:

° Availability of instrumentation;
) Confidlence le;/el r;eeded;.

° Sensitivity desired;

o Potential interferences, and

o Applicability of the method for the matrix.

This listing does not imply a pnontv because prlormes of the above con51derat10ns will vary

dependmg on each specific situation.

Certainly one of the first considerations must be availability * of
instrumentation. If, for example, the method selected requires a rnéss spectrometer for
analysis and the laboratory does not have that instrument, then clearly either another
method or another laboratory rust be selected. In another exarhple, 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
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another column on hand and verifying that all the analytes of interest separate from each

other and from any sample interferences.

Another eérly consideration involves the matrix for which the method has
been designed. Some methods are designed for aqueous matrices and others for solid
matrices (soils or sediments). Aqueous matrices usually are subdivided into drinking water,
raw source water for drinking water, and industrial wastewaters. The National
Contaminated Sites Remediation Program is specifically interested in surface water (rivers,
lakes, streams) and groundwater samples. Both surface waters and groundwaters é.re_ sources
for drinking water so all methods that mention raw source waters should be applicable for
either of these water types. In actuality, most methods differ in the a‘ppi‘icatiqn 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 verification of precision and bias from most other related methods.

For example, dieldrin has methods that are applicable 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 spectrometric ions) in Standard
Method 6410B. . However, precision and bias (from sample preparation recovery and
method 1nterferences) would have to be documented using appropnate quahty control

samples before the environmental samples could be analyzed”

The selectivity of some methods is better than others and this will affect the

degﬁ"eé of confidence in the identification of specific analytes as well as the possibility 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 is from the sample instead of bemg an artifact from instrumental noise, background
contarnination or other types of interferences. A swnal that meets detection criteria and

that has the characteristics of the analyte of interest (for example, a peak in a gas
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chromatogram at the correct retention time for that analyte) is often assumed to ‘also

identify that analyte. This is not necessarily true; multiple identification characteristics 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 it, is one way to verify an identification. Another way to -
verify an identification would be to check for the presence of characteristic ions, and their

ratios to one another, if a mass spectrometer was used as a detector.

Sensmvny can be an unportant consideration when concentration levels of the
analytes of interest are likely to be very low. Sensmvuy will vary among methods for most
of the analytes. Therefore, detector selection is important for organic compounds and
instrument 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 characteristics must be weighed versus one

another. An expert system called the GC Advzsor7 has been written based on rules deduced

- from knowledge of the characteristics .of various detectors and the Amencan Chemical

 Society Principles of Environmental Analysis® The expert system provides advice on which

detectors to select, based on answers to questions about the user’s needs and it also

summarizes major advantages and disadvantages of each of the candidate detectors.
Selection of an Analytical Laboratory

Environment Canad'a‘ specifies the use of laboratories certified by the ‘
Canadian Association for Env1ronmental Analytical Laboratories (CAEAL). This non-proﬁt.
orgamzatlon was formed in 1989 on the initiative of a number of laboratories in government -
and 1ndustry with the overall goal of improving the quahtv of laboratory information
necessary for legislators and dec:lsmn makers to develop effective policies and regulations

to protect Canada’s environment.

The three general objectives of CAEAL are:
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o To raise and contmually improve the quality of laboratory analyses in
: Canada;
. To provxde a national forum for communication and dialogue between

laboratorles and

] To provide a variety of services to help the 1ndustry in upgradmg its
product and compeutweness v

_ Semces offered bv CAEAL include the provision of QA/ QC programs leading
'to certification/accreditation for member laboratories. Cert.xfxcat_lqn is 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
capability and an evaluation of laboratory performance. Under this program participating

laboratories are sent test samples at six month intervals for analyses. Results are submitted

to CAEAL for evaluaiion. ‘

Although current perfo'rmance. evaluation (PE) samples are limited, théy are
being expanded to include additional pollutants in water, and will eventually include other

important matrices.

CAEAL is also expanding its program to include not only the provision of test
samples but also site visits to observe'the actual oper‘atiohs of laboratories. Protocols are
| being déveloped to conduct site visits by qualified assessors. Laboratories which successfully
_ meet the national standards associated with site inspections and analyses of test samples will

be granted accreditation which will replace the certification currently offered.

Membership in CAEAL is open to individuals, institutions, user groups,
consultants, industrial organizations, regulatory agencies, standard materials and laboratory
equipment suppliers, and others interested in the work being carried out in environmental

analytical laboratories. Information on CAEAL may be obtained from:
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Canadian Association for Environmental
Analytical Laboratories, Inc.
Suite 532, 1 Nicholas Street.
Ottawa, Ontario
KiN 7B7 ‘
Telephone: (613) 562-2200
Fax: (613) 562 2203

A Practical Guide for Laboratory Analysis of Environmental Samples is being
prepared for CAEAL and the Ontario Ministry of the  Environment in support of the
Municipal/Industrial Strategy for Abatement ( MISA) Program. Later in 1992 the guide will

be available from CAEAL. Membet laboratories will be enéouraged to adhere to the

guidelines specified therein,
The 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 differerit method
summaries in Volume Two are reviewed. If the samples are not collected, preserved and
stored correctly before they are analyzed, then the analytical data may be compromised
because of uncertainties as 10 their validity. If sufficient sample amounts are not collected
then the sensitivity documented in the method will not be achieved. Usually the laboratory
that is responsible for conducting the analysis is also responsible for providing sample
bottles, pr.eservvation materials, and explicit sample collection instructions because of the
complexity of gathering many different "fractions" of a sample that is to be analyzed for a

potentially large variety of analytes.
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Chapter 4 - Analytical Method Summaries
Recommended Analytical Methods

- There are usually multiple analytical methods for most of the analytes of

interest to the National Contaminated Sites Remediation Program (Table 12). However,

- there are also some analytes for which there are no known methods; these sometimes

- involve isomers of similar compounds for which there are verified methods.

In selecting methods for recommendation to the National Contaminated Sites -

Remediation Program the following criteria were used:

General Criteria

In order for the recommended analytical methods to be widely used by

multiple laboratories they must be scientifically validated by peer review and published so

that they can be located easily by the user for further details. Although many unpublished
methods are in use, they are not readily available in published formats and may lack some
of the important characteristics such as QC requirements, MDLs, and expected accuracy and

precision. These methods and their sources are listed in Appendix 2.

Methods for Organic Compounds

° Methods with highly selective detectors (eg. mass spectrometers) were

chosen in preference to those with less selective detectors (electron

capture, photoionization, etc);

o Some non-mass spectrometric methods were selected to provide lower
cost analyses that are appropriate for monitoring 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;
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Table 12. Analytes Covered by the National Contaminated

Sites Remediation Program

pH
conductivity »
sodium adsorption ratio

Inorganic Parameters
antimony

arsenic

barlum

beryilium

" boron (hot water soluble)
cadmium
chromium (+6)
chromium (total)
cobait

copper

cyanide (free)
cyanide (total)
fluoride (total)

lead

mercury
molybdenum
nickel

selenjum

siiver

sulphur (elemental)
thalllum

tn

vanadium

2zinc

benzene = ‘
chlorobenzene
ethylbenzene
1,2-dichlorobenzene
1,3-dichlorobenzene
1,4-dichiorobenzene
styrene
" toluene
xylene (unspecified mixture)

o-xylene

m-xylene

p-xylene

romait boi

(PAHs)
benzo(a)anthracene
benzo(a)pryene
benzo(b)fluoranthene
benzo(k)fluoranthene
dibenz(a,h)anthracene
indeno(1,2,3,-¢,d)pyrene
ndphthalene
phenanthrene

pyrene

Phenolic
2,4-dimethyiphenol
2,4-dinitrophenol
2-methyl-4,6-dinltrophenol
2-nitrophenol
4-nitrophenol
phenol
cresol (unspecified mixture)

2-cresol

3~cresol

4-cresol
2-chlorophenol
3-chlorophénol
4-chlorophenol
2,3-dichiorophenol
2,4~dichlorophenol

" 2,5-dichlorophenol

2,6-dichilorophenol
3,4-dichiorophenol
3,5-dichlorophenol
2,3,4-trichiorophenol
2,3,5-trichlorophenol
2,3,6-trichiorophenol
2,4,5-trichlorophenol
2,4,6-trichiorophenol
3,4,5-trichlorophenol
2,3,4,5-tetrachlorophenol
2,3,4,6-tetrachlorophenoi
2,3,5,6~tetrachiorophenol
pentachiorophenol

Miscellaneous organic

parameters
non-chiorinated aliphatics
(each)

" phthalic acid esters (each)

n-buty! benzyt phthalate
di-n-buty! phthaiate
diethyi phthalate
bls(2-Ethylheéxyl) phthalate
dimethyl phthalate
dl-n-octyl phthalate

- quinoline

thiophene

Pesticides

aldrin and dleldrin
chiordane

poT

endrin .
heptachlor (+metaboiites)
lindane

methoxychlor

carbaryl -

carbofuran

2,4-D
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dlazinon
parathion
diquat
paraquat

chioroform
1,1-dichioroethane
1,2-dichioroethane
1,1-dichloroethene
cls~1,2-dichioroethene
trans-1,2-dichloroethene
dichioromethane -

“1,2-dichioropropane

cls-1,2-dichloropropene
trans-1,2-dichloropropene
1,1,2,2-tetrachloroethane
tetrachloroéthene

carbon tetrachloride
1,1;1-trichloroethane
1,1,2-trichioroethane
trichloroethene
1,2,3-trichlorobenzene
1;2,4-trichlorobenzene
1,2,5~trichiorobenzene
1,3,5-trichiorobenzene
1,2,3,4-tetrachiorobenzene
1,2,3,5-tetrachiorobenzene
1,2,4,6-tetrachlorobenzene
pentachlorobenzene
hexachlorobenzene
hexachiorocyciohexane
Aroclor 1242

Aroclor 1248

Aroclor 1254

Aroclor 1260
2,3,7,8-T,COD
1,2,3,7,8-P,CDD
1,2,3,4,7,8-H,CDD
1,2,3,7,8,9-H,C0D

11,2,3,6,7,8-H,CDD

1,2,3,4,6,7,8-H,CDD
0,CDD
2,3,7,8-T,CDF
2,3,4,7,8-P,COF
1,2,3,7,8-P,CDF

' 1,2,3,4,7,8-H,COF

1.2,3,7,8,9-H,COF
1,2,3,6,7,6-H,COF
2,3.4,6.7,8-H,CDF
1,2,3,4,6,7,8-H,CDF
1 ,2,3,4,7,8,9‘”7CDF
0,CDF
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. Methods that cover both solid.and aqueous matrices were selected
over those that covered one or the other; and

°. Methods that cover both soils 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 liquid matrices.

Methods for Metals

° Methods for both atomlc absorption (AA) and argon plasma emission
(ICP) spectrophotometric techniques were selected when available; and

| Methods from the Standard Methods for the Examination of Water and
Wastewater book were selected over U.S. EPA methods when they
were comparable because the book is a more convenient source of the
full methods

Major Analyte Groups

The analytes of interest to the Na;-iohal Contaminated Sites Remediation
Program are divided into 8 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 is necessary in order to keep discussions within

- the government’s pre-established framework for these analytes.

The eight major analyte groups are:

° General Variables;

° Inorganic Variables;

. Moﬁocyclic Aromatic Hydrocarbons;
. Phenolic Compounds;

. : P‘olycyclic Aromatic Hydrocarbons;
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] Chlorinated Hyvdrocarbons;
° Miscellaneous Organic Parameters; and

° Pesticides.

Each of these groups are discussed below with general comments on the
-applicability of the methods selected for recommendation and any problems to be noted in
using them. ' |

General Variables

This group consists not of individual analyte's_btit, rather, of water quality

~ parameters or physical property attributes.

Two instrumental methods were selected for pH meaﬁu‘rements': EPA-9040A

for aq‘uebus samples and EPA-9045A for soils and waste. The latter should also be

satisfactory for sediment analysis although sediments are not specifically mentioned as a

suitable matrix.

~ 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 only has application to water samples.
Inorgani¢ Variables

Method EPA-6010A, an ICP (argon plasma emission) method is considered
to be the most generally useful method in that it covers 16 of the 24 analytes in this group
(Table' 12) and, furthermore, is useful for both liquid and solid samples. Some methods

from Standard Methods for the Examination of Water and Wastewater were selected for

_ , .
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metals analyses in water; these have the prefix SM in front of the method number in

following discussions.

SM-3111B is a direct aspiration atomic absorption (AA) method commonly
used for many of the metals in water samples and SM-3113B is a complimentary method

that uses a thermoelectric (graphite furnace) source of energy instead of a flame.

SM-3120B is an ICP method that is analogous to the EPA-6010A method
described above except that, unlike the EPA method, SM-3120B is limited to aqueous

©samples.

"Two other variations on the atomic absorption techmque 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 descr1bed above (SM-3111B and SM-3113B).
Banum beryllium, molybdenum and vanadium in water are analyzed by SM-3111D while

arsenic and selenium in water are analyzed by SM-3114B. Three cold vapour methods are

- summarized 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 soils and
sediments. Although surface waters are not mentioned as a matrix for EPA-7470A4, it
should perform just as well for lakes, rivers 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 is a colormetric determination that can be
performed manually or automated. Fluoride analytes in aqueous samples may be made

using EPA-340.2 which is a potentiometric method using ion selective electrodes.
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Monocyclic Aromatic Hvdrocarbons

EPA-8240B and EPA-8260A are the most generally appliéab'le methods for
this group of compounds because they cover all of them (Table 12) in the four rhatrices of
interest (surface water, groundwater, soils and sediments). Both use purge-and-trap GC/MS
techniques, the primary difference being that EPA-8240B employs a packed GC colums for
separation of the compounds while EPA-8260A uses a high resolution capillary column.
EPA-8240B is the only method that analyzes specifically for xylenes as an unspecified
mixture because théy are poorly resolved using a packed column. All of the other
recommended methods (EPA-524.2, EPA-SOZ.Z, and EPA-8260A) use capillary columns

whose superior resolution separates all three xylene isomers.

EPA-524.2 mentioned above will also provide good analytical ddta using

GC/MS with a capillary column and low resolution mass spectrometry. Although it is limited |

to aqueous samples, it may be the method of choice over EPA-8260A when only water

samples are involved.

EPA-502.2 is recommended as a less expensive, but also less specific method,
that can be used for monitoring situations, i.e., the identity and presence of the analytes of
interest will already have been established using one of the mass spectf_ometric methods
above and their continuing presence over time can be monitored using less. expénsive
analysés. The method uses a photoionization detector (PID) in series with an
electroconductivity detector (ELCD) and a high resolution capillary GC column for
compound separation. The PID is 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, it 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. |
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Phenolic Compounds

The phenolic’fcompouhds are divided into two groups: non-chlorinated (each)
and chlordpheno_ls (each). There are 9 non-chlorinated phAenols and 19 chlorophenols
specified as analytes of interest (Table 12). The éh_lorophenols 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 environmental samples is 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. The specific c‘hloro‘phenol isomers for which methodology is
lacking are: ‘

. 3-chlorophenol;

° 4-chlorophenol;

° 2,3-dichlorophenol;

° »2,5-d'ichloro-phenol;

J 3,4-dichlorophenol;

° 3,5-dichlorophenol;

*  23,4-trichl