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COIPOIITION 

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

' ABS'I'RACT 

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: 

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

0 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 s"pec‘ific 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 tothe 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 h_ave 
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 5 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 reports, 

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



-Appendix is —a list of unpublished alialytical methods that are used by various federal, 
provincial and commercial 1_aborato_ries_._ « 

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 irlcluding sample preparation, potential 
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: 

0 to apply the "polluter pays" principle to the clean-up of contarninated 
sites;

i 

0 to clean-‘up high-risk orphan sites, i.-e., the sites where the responsible 
parties for the contamination of the site cannot be identified and/or 
unable to pay for the clean-up; and 

_

' 

o. 
‘ 

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

The program operates on a costeshared 5-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 $5.0 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 theseprovide information which is important to 

the organization of this document, particularly the latter upon which the analytical groupings 
of contarninams are based (Table 1).
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The National Classification System’. will be used to classify 

contaminated sites into three broad categories of concern according to their level of risk. 
A site is designated high-risk when site contaminationlis such that it represents areal or 
imminent threatto human health or to the environment. In this case an immediate action 

C 

will be required to reduce the threat. The other two categories will be assigned lower 
priority in clean-‘up. 

The Interim Canadian Environmental Quality Criteriaz establishes numerical ' 

limits for the assessment and remediation of soil and water based_ on the safe use of 
reclaimed _land for agricultural, residential/parkland and commercial/industrial purposes. 
They are based on a review of existing criteria used by the Canadian provincial/territorial 
jurisdictions. These criteria also include the Canadian Water Quality Guidelines (CCREM 

‘ 1987), and Guidelines for Canadian Drinking Water Quality (Health 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 sampling and ' 

analysis of complex 
‘ 

enviromnental matrices in such a way that the data obtained will be 
representative and of known quality; and

' 

-

,

_ 

_/a, 

— 

4.

'

‘

“
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Table Target Analytes for the National Contaminated 

Genera! Parameters 

pH 
conductlvlty 
sodum adsorption ratlo 
lnorganlc Parameters 

antlmony 
arsenlc

_ 

' barium 
beryllium 
boron (hot water soluble) 
cadmlum 
chromlum (+6) 
chromlum (total) 
cobalt 
cooper 
cvanlde (free) 
cyanlde (total) 
fluoride (total) 
lead 
mercury 
molybdenum 
nlckel 
selenlum 
sllver 
sulphur (elemental) 
thalllum 
tln. 

vanadlum 
zlnc 

' Allphatlc chlorlnated hydrocarbons ln'clude': chloroform, dlchloroethane (1,'1- 1.2-); dlchloroethene. (1,1- 1,2- dlchloremethane; 1,2-dlchloropropane, 1,2-dlchloropropene (cls and trans); 1,1 

Non—chlorlnated phenollc compounds Include: 
nltrophenol (2-, 4'-). phenol. cres'oL 

Sites Rern_ediat_ionyyP'rVogram 

Ilonocycllc Aromatic 
Hydrocarbons 

benzene 
V _ 

chlorobenzene 
ethylbenzene 
1 ,~2-dlehylorobenzene 

‘ 1v,3-“dlchlorobe'nzene 
1,4"-dlchlorobenzene 
styrene 
t.ol.ue.ne 
xylene 

non_-chlorinated‘ (each) 
chlorophenols’ (each) 

Polycycllc Aromatic 
Hywoarbons (PAHs) 

benzo(a)anthracene 
benzo(a)pyrene 
ben‘zo(b‘)fluor'anthene 
ben'zo(k)fluoran_thene 
dlbenz(a,h)anthracene 
lndeno(1.-2-,3-c,d)pyrene 
naphthalene 
phenanthrene 
pyrene 

carbon tetrachloride; trlchloroetlrane (1,1,1- 1,1,2-), trlchloroethene. 

rznronmeanyuruanaons 

chlorinated allphatlcs'(each) 
chlo'robenz'enes‘(each) 
hexachlorobenzene 
hexachlorocyclohexane 
Pces‘ 
PCDDs and PCDFs' 

Pestlcldes 

aldrln and dleldrln 
chlordane 
DDT 
endrln 
heptachlor (ometabolltes) 
llndane 
methoxychlor 
carbaryl 
carboturan 
2.4-D 
dlazlnon 
parathlon 
dlquat 
paraquat 

2,4-dlmethylphenol; 2,4’-dlnltrophenol, 2-methyl-4,6-dlnlu'ophe_noI,' 

V ’ Chlorophenols Include: chloropnenol lsomers (ortho, meta, para), dlchlorophenols (2,6- 2.3- 2.4- 3,5- 2,3- 3,4-). ' trlchlorophenols (2,4,6e 2,3,6- 2.4,5- 2,3,s- 2,3,4- 3,4,5-), tetfachlorophenols (2,3,5,6- 2,3,4,5- 2,3,4,s-), pentachloroph_en_ol. 

.2,2-tetrachloroethane, tetrachloroethene; 

‘ Chlorobenzenes Include: all trlchlorobenzene lsomers; all tetrachlorobenzene Isomers; pentachlorobenzene. 
‘ PCBs Includes rnlxtures 1242, 1243, 1,254, and 1250. 
' PCDDs and PCDFs:

, 

2,3,7,a-ncop 
1,2,»a,7,a-r>,c‘oo 
1,2.v3,4,7,8-l-l,CDD 
1,2,a,7.a.s-H,coo 
1,2,3,s,7.a-H,coo 
1,2,3,4,s.7,s-H,cDo 
o,eoo 

2,3_,7.a-T,coI= 
2,3,4y,7,s-’P,coF 
1,2.a,7,a-P,cpI_= 
1,2,a.4,7,a-H,coF 
1,2,3.7,a,9-H,coF 

V 1,2,a,s,7,s-H,coF 
2,3,4,s.7.s-u,cor= 
1,2,3,4,6,_7,8-l-l.,CD_F 
1,»2,a,4,7,s,s-H,cm= 
o,cor=



(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 cotnparable.» 

. Data Quality Objectives 

Data quality objectives (DQOs) are an important aspect of Quality Assurance 
(QA) for the ent-ireiprocess from collecting and analyzing samples to the data processing 
and reporting. 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 variability 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 accuracy) in that they are limits for the overall

O 

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 descriptions of actions that are to be taken if an answer does not meet the 
desired outcome. They contain no quantitative terms butreflect general decisions that must 
be made. On the other hand, quantitative DQOs contain specific quantitative terms. These 
may include standard’ deviations, relative standard deviations, percent recovery, relative. 
percent difference, and concentration.‘ 1 Often, desired data quality objectives must be 
balanced against the cost of ,sarnpliI_1g and analysis, and more realistic objectives must be 

i 

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 
sampling project.



, 
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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 deterrnine the level of assurance necessary to support the 
decision, an iterative process should be used by decision makers and project planners. 

t_ Data Quality Objectives are the full set of constraints needed to design a 
study, including a specification of the level of uncertainty that a data user is willing to accept 
in the decision. DQOs are developed using a process that encourages the sequential 
consideration of relevant issues. Figure 1 shows the principal stages inthe DQO process? 
Each of the stages results in an_ important criterion (or ’product’) for the "study that 
describes: 

0 The problem to be_ resolved at the site; 

0 The decision needed to resolve the problem; 

0 The inputs to the decision; 

9 The boundaries of the study; 

0 The decision rule; and 
‘ o 

_ The uncertainty constraints, 

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: 

_° . The data generated are of known quality. 
° 

. DQOs help data users pl_a_n for uncertainty. All projects have some 
inherent degreeof 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 a priori.'



~~ IDENTIFY INPUTS TO THE DECISION~ ~~ NARROW THE BOUNDARIES OF STUDY A"~ 
~~ 

I 

DEVELOP A ‘DECISION RULE~ 
~~ 

~

~ DEVELOP UNCERTAINTY CONSTRAINTS 

OPTIMIZE DESIGN FOR OBTAINING DATA~ 
I 

Figure 1. Steps in the DataOQuality Objecfives Process
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0 The DQO process facilitatescornrnunication among data users, data 
collectors, managers, and other technical staff before time and dollars 
are spent .collecting data, —

i 

_ 

0 DQO -process ‘provides ‘a logical structure for study planning that 
is iterative and that encourages the data users to narrow many vague 
objectives to one or a few critical _questions. 

0 
A 

The structure of the process provides a convenient way to document 
activities and decisions that can prove useful’ in litigation or‘ 
administrative procedures. ' 

0 e The process establishes" quantitative criteria for l<'1‘iov‘vi’ng” when to stop 
sampling. ' 

‘
‘ 

In establishing ‘DQOS, it is important to follow the sequence of stages because 
the product 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 i1'nplications~ of different 
products, it should go back as ‘necessary-’and revise products of earlier stages to incorporate 

' 

the new ‘concerns. 

' 

The l_mporta_nce of Quality Assurance/ Quality Control 

The objective. in collecting samples" for analysis to"obt_ain a small and 
informative portion of‘ _the population being injv'es*tigate.d. Usually, representative samples 
are sought, i.e., samples that can be expected to ‘adequately reflect the properties’ of interest 
of the population beingvsampled. However, targeted, or nomepresentative, samples are 
sometimes needed, An example. might be a particular spot at a contaminated site which 
appears to be .d_is'colou_rede. However, samples taken at that spot should be representative 
of it at the time. samples were taken. If samples, individually or collectively, cannot provide 

A 

representative information, they ‘are seldom worth the time and" expense of‘ analysis. 

Therefore, planning for informative sampling must be an integral part of any study,
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_ _ ___;I__‘a_blee,_2».S, Sampling Plan Checklist 

What. are your" Data” Quality Objectives (DO'Os)'? - 

«What will you do if your DQOs are not met (i.;e., resarfiple or revise DOOs?) 
A 

Do Program Objectives need exploratory,»_m,on_itoring, or both sampling types? 
Have arr_an_ger_'nents been made to obtain samples from the Siles? -

S 

' - Have alternate plans been prepared ‘in case not all sites can be sampled? 

, is specialized sjam_p_li_ng equipment. needed and /or available? 

Are samplers experienced in the type of sampling required available? ‘ 

Have all A,na‘lytes been listed? . 

' 

,

_ 

lo Has the Level of Detection (LOD) for each been specified? 
cl-lave methods been specified" for each analyte? 
owhat sample sizes are needed based on Method and desired 'L__O,D? 

List specific Good Laboratory ‘Practice, Federal, P_rovincial, or Method GA/QC protocols required. 
Are there per'centag'es or required numbers and types of QC samples?‘ 

. «Are there specific instrument tuning or other special requirements?- 

. What type of sampling approach will be used? 
0 Random, Systematic, Judgmental, or combinations of‘ these? 
owill the type of sampling meet your‘DQOs? ' 

V 

What type of data analysis methods will be used? 
-Geo'statistic,al, control charts, hypothesis testing, etc. 
owill the data analysis methods meet your ,DQOs? 
o Is the sampling approach compatible with data ,analy_’sls methods? 

How many samples are needed’?
_ 

V o How many sample sites are there? 
0 How manyvmethods were spec_ified? 
- How manytejst samples are needed for each ‘method’? 
6 How many control site samples are needed? ‘ 

-What types of'QC samplesiare needed? 
«Will the QC sample types meet your" DQOs? 

0 How many of" each type of‘QC‘ samples are needed? .

A 

-Are these QC samples sufficient to m_eet your D'QOs’? 
- How many exblorjatory samples are needed’? 
- How“ many supplernentary samples will be taken? 

Numbe_r of Samples = Test + Control" + QC + Exploratory + Supplementary 
oTest Samples '= Methods x Sample sites x Samples per site 
.control Samples =.. Methods x Sample Sites x «Samples per site . 

‘ -QC samples = Methods x: Type of QC sample, x % needed to meet boos 
-Exploratory Samples "= (test samples + control samples) 5 to 15%, 
--Supplementary Samples =. (test samples +- control samples) X5 to 15% 

:1
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‘From the beginning of sampling to the phase where the collected data undergo 
analysis, interpretation, and evaluation, there must be clear and precise documentation 
encompassing quality assurance (QA) guidelines and principles which cover every aspect of 
data collection’. -Table 2 provides alconvenient check list of the subjects that should 
beconsidered when planning for sampling contaminated sites‘. Table 3 lists the minimum

\ documentation needed for ’sar—npling activities‘. 

Table 3.’ Minimum R'equirem'ents'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 perform 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 DQOs or else 
the time and money spent gathering‘ data. will be ‘wasted by obtaining data of unknown 
quality (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 and to advise on the specific 
use of QC samples to compliment sarnpling and analysis processes for the production of
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The bottom line of the importance of quality assurance (QA) and quality 
control (QC) to sampling is that.if\sarnples 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 
ob,se__rved as part of the laboratory_’s QA protocol. Each method may contain certain specific 
QC requirements, However, complete documentation of all records associated with 

laboratory analyses is‘ also an i1n.portant_part of lab.or_atory—QC procedures. The records 
listed in Table 4 are the minimum requirements for documenting laboratory work,‘ 

Table 4. Minimum Requirements for Docurnenting Laboratory Work
I 

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‘

v 

OO00.0000 

After analyses are completed, the third phase consisting of data handling and 
reporting begins. Data handling and data management QA programs focus on production 
of data which have icharacteristics of 

A 

accuracy‘, precision, completeness, and 
repres'entativeness"‘. The processes involved are summarized in Table 5 and are discussed 
in detail in Chapter 4. 

Measurement r_esu_lts must be reported with clear units of measurement such 
as pg/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
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Table 5. Processes Involved in Data".'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 5 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 concentrating samples, 
Incorrectly documenting any procedure, 
Matrix-specific interferences not recognized, and 
Using the wrong met_hod_ for analysis. 

‘_: 

‘In’ 

_

h 

V 

When good QA/QIC procedures have been used in the total monitoring 
process, then the inforrnation derived from investigation of a contaminated site» will be both 
reliable and of known quality. Failure to follow good QA/QC procedureswithin 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. 

' 

T

i 

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

In addition to applying good ‘QA/QC procedures to sampling, analysis, and 
I 

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 independently but sampling, analysis," and data management are all interrelated 
and the objectivescof each must belknown 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 which. each of the many .i'ndividual tasks will be 

perfo_rrn_ed and also serve as a source of infor-rnation for all of the participants in these 
interrelated ef_forts_. 

' 

Pollutant Migration Pathways 

Most environmental pollutants at a contaminated site will not remain 
stationary. If they are in aiwater, air, soil, sludge, solid, or liquid matrix they are almost 

. certain to migrate. The physical characteristics of each matrix,meteorological conditions, 
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 mos-t 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 pol_lutants. Physica_l_in_fluences include topographical features‘ 

(valleys, ‘mountains, slopes—,~ lakes, rivers, etc.) and ‘geological features (aquifers, soil 
' 

composition, numeral composition, etc.). These physical influences eafl either aid Or impede 
chemical migration. Biological influences usually C0I1SiSI Of f00d PathWa)’S- Bioa<:<_:ur_nul.ation 
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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.‘ 

,O_ften 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. 

V 

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 c-hernistry -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 importantis the sens'it‘ive ‘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 ishselected 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 determining tha_t an analyte is reported as 
present may be different from the value selected for determining that an analyte i-s not 
reported as present.‘°‘“ . 

It must be emphasized that the MDL and other related calculations are not 
intrinsic constraints of the analytical methodology but depend uponthe precision attainable 
by a specific laboratory working with a specific matrix when using that methodology.” Thus, 
MDI,s can be very diverse. Unfortunately, this fact‘ is generally not considered when 
evaluating environmental analytical data. Published values-of MDI_.s in Volume Two must 
be considered only as typical._ Each labo'rat'or,y involved in reporting 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‘ instrument used can meet or exceed these published limits. _If there is any possibility 
of a link between .sensitivity of a method to operator performance or proficiency, then the 
instrument and method verification should be performed 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 reports also must make 
clear which results, if any, have been correctedfor blank and recovery measurements. If 

published methodology (such. as those in Volume Two) is used, it mus—t»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 sampling protocols 
for any reason. 

‘l4
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Analytical chemists arevnresponsible 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 ha_nd1ers.and managers are responsible for verifying and validating the 
data and providingtevaluations of its consistency, integrity, and reliability. They rely_ upon 
information from both sampling and laboratory personnel to perform their evaluations." An 
integrated understanding of the problems presented ‘by a contaminated site is possible only 
after the data have been -evaluated and presented within the context of a report that 
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: 

0 A summary of the problem being investigated; 
I 

0 A summary of the data qualityhobjectives and whether they were met 
or modified;. 

0 A description of the sampling effort complete with contaminated »sit‘e_- 
maps showing sampling locations; 

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

0 A summary of the completeness and representativeness of the data; 
and ' 

’ A 

'

- 

° » 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, s‘t-reams, 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 provides a synopsis of the methods selected for recommendation 
and briefly discusses which methods are- applicable to the list of target analytes in Table 1. 

V 

They are discussed in the eight major" groupings identified in the Interim Canadian 
Environmental Quality Criteria for Contaminate‘d'Sites.2 

Chapter 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 concentrations of pollutants and data presentation in final 
reports. A 

The document is concluded with a-listing 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 u_npublis—hed analytical methods that are used by 
various federal, provincial and commercial laboratories. 

T A summary of each of the recommended 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 terms of samples,‘ 

equipment, and quality control.

16



Chapter 2_ - San_ipli_ng Contaminated Sites 

Defining Objectives 

The first step in planning a contaminated site sampling activity is to define its 
objectives. Objectives of environmental sampling are broadly divided into exploratory 
(surveillance) 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 A 

analyte concentrations over a particular period of timeor within a specific geographic area.
_ A sampling plan for monitoring usually is more effective if it is preceded by exploratory 

samplingior 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 contain_ing'wast_e 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. 

Biascaused 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 

V 

is also difficult to show that bias from sampling activities is absent because of an inability 
to measure it rather than its absence. When they do occur, sampling errors are usually 
much larger than those associated with analysis. Yet, the focus of errors inmost sampling

_ 

and analysis projects. continues to be on laboratory and data handling sources, probably’ 
because these are the easiest to measure and control.‘ 

17.



Sampling Approaches 

A 

s 

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 logical, objective, and quantitative 
balance between the time and resources available for collecting the data and the data 
quality based on intended use of the data. One of the most important aspects of _a planning 
process is the joint involvement of t_he data users, samplers, and analysts. Initial and 
continued involvement, and the perspective of each, is critical to defining dataequality and 
_cjuantit'y requirements.‘ 

The choice of a data analysis method is an important decision that also should 
be made in the planning stage. It must facilitate, and be facilitated by, goals,‘ D'QO’s', and 
experimental design. Both analyses and sampling approaches require prior information to 
meet data quality obj_ectives.- Any random variable method of data analysis (such as 
hypothesis testing, ‘estimation interval,‘ tolerance interval, control charts, etc.-) requires 

random sampling. The number -of samples ‘for random variable methodology must be 
determined by the population variance and the desired size ofa "significant change" in the 
test parameter,‘ 

Systematic samplingis preferable for geostati_stical data analysis, but random 
or even judgmental sampling may achieve greater accuracy within s_pecific local areas of

_ 

co_ntaminated sites. Geostatistical data analysis accounts for the time and space dependence‘ 
of data, and it is usually used to produce site maps‘ (with qualificationof interpolation 

errors) showing analyte locations and concentrations.‘ 

Two basic sampling decisions, that _m'ust be resolved during the planning stage 
' and documented in the protocol, are the types and number of QC samplesto 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 

1.8
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contribution of sarnpling 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: random, .systematic, and 
judgmental. There are also three primary combinations of each of these: stratified- 

(judgnmental)-random, systematic-random, and systematic-judgmental.‘ Also, there are 
further variations that can be found among the three primary approaches and the three 
combinations of them. For example, the syst_em_atic grid may be square or triangular; 
samples may be taken at the nodes of the grid, at the cent_er 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 Sampling Approaches 

Relative No. Relative . 

if 

Bas-isof Selecting Sampling 
Approach of Samples; Bias 

_ 

A Sites 

Judgmental Smallest Largest Prior history, visual assessment 
A 

and/ or technical judgment 
- Systematic ' Larger Smaller Consistent grid or pattern 
Random 

_ 
L_arg_est . Smallest ' Simple randoZm_select',ion 

Often a combination of judgmental," systematic, or random sampling is the 
most feasible approach; however, the sampling scheme should be sufficiently flexible to 
perrnit adjustments during field activities; Problems such as lack of access to preselected 
sampling sites or unanticipated subsurface formations or weather conditions at a 
contarninated site may necessitate major adjustments to sampling plans.

19



Deciding How Many Samples to Take 

-There are numerous factors that influence how many samples need to be * 

taken at a contaminatedisite. These ‘include: 

_ 

0 How many distinct areas are there within the site? 
- If there are several, are samples desired from each? 

-, If there are none, how widely dispersed within the single area 
are the sampling spots -to be? '

‘ 

’ 

T 

0 How many different analytical methodsare needed? 

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

' 
T 

V 

A ‘ 

T parameters). ‘ 

l

l 

. Typically idifferent 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). 

0 How many samples are needed for each an_a_Iytical method? 
- This depends on the DQOS of the project, the size and 

complexity of the site, etc. ‘

- 

0 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 

being made. « 

_

- 

- If all samples contain concentrations of pollutants that are 
above specified action levels- then no control s_ite samples may 
be needed because the action results won’t change. Also, in the 
case of heterogeneous solid or liquid 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 .areneeded?- 
- Is an estimation of bias important? 

- If so, does it need tolbe 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? 

V- 
’ 

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 
d_iffe"rentiate these sources. . 

_How many of each type of QC samples are needed? 
_ The number may depend’ on those specified’ a particular.

C 

method and/or the number calculated from s-tatistical 
considerations to meet data quality objectives. 

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

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

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

Total Samples No. of Test Samples + No. of Control Samples + No. of QC Samples + - 

No. of Exploratory Samples + No. of Supplementary Samples 

.where No. of Test Samples = _No. Method_s _x No. of Sample Sites x No. of Samples per Site 
and No. of Control Sample-s ‘=’ No. of Matrices at the Sample Sites 

and No. of QC Samples = % of Test Samples or a Statistically Calculated Number 
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and No. of Exploratory Supplementary Samples = % of Test Samples or a J'udgme'nta1 
Number. 

A moreprecise estimation of the number of__ samples needed is to select the 
sampling frequency which results in the desired confidence interval width about the mean 
for the specified analyte_ variability.’ Unfortunately, this may not oftenbe availableiat 
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, butmost often emphasis is given to the measurement phase of the 
investigation. Precision, accuracy, representativeness, completeness, and comparability are 
terms used in setting DQOs and are usually addressed in terms of the analytical portion_ of 
an investigation. Decisio_n-makersmust 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 apply to the analytical 
phases of a study.‘ Terms for precision, accuracy, representativene_ss, completeness, and 
comparability are more ‘applicable when used with the analytical phase. The distinction 
between. l)QOs and MQOs is important because QC samples are "taken to determine 
whether these objectives are being met_. 

3 If historical data indicate that inaccuracy or va_riability is increased in the 

preparation and handling of a sample, and this decreases the accuracy needed to meet the
. 

MQOS, then more frequent sampling is justified. As another example, if the values reported 
are near an action level, then bias is particularly important in meeting at DQO for accuracy, 
and the consequences in knowing 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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required will depend on available resources, the required degree of c_onfidence in the data,
I 

and the objectives _of the study. 

The U.S. EPA in Las Vegas, Nevada, has available a public-domain 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 monitored to ‘a high degree, the variability may b:e low and 
ignored, or the variability may be high and may need to be addressed. For those portions ‘

J 

of a study that are not monitored to a high degree, the variability maybe low, but more 
samples may be requi_red, or the variability may be high and more QC samples may be 
required.

" 

Deciding on ‘Exploratory and Supplementary" Sampling 

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%»o_f, the overall monitoring ef_‘for’t_. It requires 
an additional step of preliminary data analysis before the rem_aining samples are collected. 

, 
When conducting exploratory sampling it is_ important that both the sampling’ and 
subsequent analyses, orpreliminary 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



ADA GORPOIIITIOM 

during the monitoring program. Supp’lernent'ary sampling may also involve 10 to 15% of the 
monitoring effort. 

.

' 

Control Site Selection 

Control sites are important for understanding the significance of rnonitoring 
data. Sites should be selected that have common.cha_racteristics with the contaminated 
areas except for the pollution source. Background samples (or control site or matrix 
sarnples) are samples" taken near the time and place of t_he 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_ina.nts with 
samples containing no (below detectable or measurable levels) or acceptably low levels of 
contaminants. Unless background samples are collected and analyzed under the same 
conditions as the environmental test samples, the presence and/or concentration levels of 
the analytes of interest and the effects of the matrix on their analysis can never be known 
or estimated with. any acceptable degree of certainty. Therefore, background samples of 
each sigriificantly different matrix must always be collected when different types of matrices 
are involved whenever possible.‘ 

Examples include va,r1'0u,s 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 collecting background samples is 
when drums or containers of "materials 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 takenifor analysis. 

There are -two types of control sites (local and area) and their differ_entiat_ion 
is primarily based on the closeness of the control site to the environmental sampling site.
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Local control sites are usually adjacent or very near the test sample sites. In selecting and 
working with local c_0ntrol sites the.fol1owing principles applyr‘ 

0 ' 

Local control ‘sites generally .s'l_1ould be upwind or upstream of the 
9 

sampling site; 

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

0 Travel between local control sites and sampling areas should be 
minimized because of potential contamination 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 sampling site but not adjacent to it, The factors to be considered 
in area control site selection are similar to those for local control sites. All possible efforts 

should be made to make the sites identical except for the presenceofpthe 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 analyses. Also, since analytical techniques are not well developed for some of the 
analytes in complex matrices, large samples provide laboratories the opportunity to analyze 
replicate samples or reanalyze samples when the dataare suspect. However, disadvantages 
of large samples include additional costs of storage space, materials, and larger sample 
disposal costs. '

V
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Each analytical method ‘summary selected for inclusion in _Volume Two 
contains, specific sample size requirements’ or .gu_ida_nce on collecting an appropriately sized 
sar_npl_e., H,owever,'often a single sample may be collected with the intent that it will be used 
for multiple analytes of the sametype. When this is planned, the sarnpling protocol must 
clearly define whichanalyses 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 each 
analytical method’s requirement. 

Deciding Types and Numbers of QC Samples 

discussed -in the above section, there are rnany different types of QC 
samples from which to select. Choices depend entirely on the data quality objectives of the 
contaminated site‘ ‘being investigated. Thus, selections should be made depending on 
whether bias-free and/or precision data are required-, whether differentiation between ‘ 

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 (i.e., 

from operator and /or procedural. sources). 

Thus, there are many different types of QC samples to select from and it is 
important to slelectonly 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 analysis
_ 

-program may be compromised. ‘Most of the analytical method summaries described in" 
Volume Two have a’ section entitled, ,"Quality Control Requi.rements;"~ ‘In this section, 

specific types of QC samples are listed for each method. However, these QC samples are 
designed primarily “toimeasure laboratory sources of bias and precision and, usually, only 
bias‘ from contarnination-type sources. Thus, additional QC samples will usually be required 
in order to meet the ‘data quality objectives of. a specific_contami_nated site remediation 
program.
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Because of the compleitity of selecting arnong 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 simple, 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 numberof 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 analytes 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 envi_ronmental test samples analyzed." Specific» default value recommendations may be 
provided 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 positive or false negative detection will 
occur). This is not true! No specific confidence level in the data can be assigned when 
numbers of QC samples are based simply on a percentage of the environmental’samp1es. 
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 seconds)‘. Thus,‘ they represent a 's'snapshot':' both 
space and time of the pollutants at a_ contaminated site sampling area. They are usuallyless 
expensive tonobtain 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 (i.e-., with flowing. 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 Ltime, and then analyzed for the 
constituents of interest. A "depth:integrated" grab sample is collected over a predetermined 
part or the entiredepth of the water column, at a‘ selected location and time in agiven body 
of water, and then analyzed for the constituents of interest." 

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

Using the same water matrix as an example, there are two main types of 
composite samples: "sequential or time" and "flow proportional" composites. "Sequential or 
time" composites are made by continuous, constant sample pumping ornmixing equal water 
volumes collected at regular time intervals. "Flow propo‘rtional"' composites are obtained 
by continuous pumping at a rate proportional to the flow, or by mixing equal volumes of 
water collected at time intervals which are inversely proportional to the volume of flow, or 
by mixing volumes of water proportional to the .flow collected during or at regular time 
intervals.“

. 

Usually composite: samplingtechniques are selected in order to provide a 
more representative sample of heterogeneous matrices (such as rivers or air) in which 
pollutant concentrations may vary over short periods of time. However, compositing is not

\ 

always an option; "for example, samples of water that will be used for analysis of volatile 
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organics must always be collected asigrab samples in order to avoid negatively biasing the 
results from loss of the volatile compounds during the compositing process. 

V 

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 c'ons_idered-.“ These include the 
following: 

0' When considering ‘multiple analytes in a composite, information ’ 

regarding analyte relationships in individual samples will be lost. 

0 When the objective of the ‘monitoring program is a preliminary 
evaluation or classification, compositing may dilute the analyte to a 
level below the detection limit, producing a false negative.- 

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

0 If compositing reduces the nur_nbe_r of samples collected below the ’ 

required statistical need of the DQOs, then‘ those objectives will be 
compromised._ ,

‘ 

Assessing Safety Requirements 

Contarninated sites,’by their nature and definition, containnconcentrations of 
chernicalsthat may be harmful to humans including those who collect samples at these 
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

i 
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of these are needed. In addition, personal exposure m_on_itoring and / _or- monitoring ambient 
air concentrations of some chemicals may be. necessary to meet safety regulations. 

Potential exposure of personnel to hazardous chemicals that can permeate 
their chemical protective clothing (CPC) causes concern whenever neat chemicals (those not 
in solution) or cheniicals in high, concentrations, e.g., from some landfills and wastewater, 
streams, are to be sampled. There are many different fnanufacturers and many different 
models of CPC available on the market, but eachlof-these has vastly differing protective 
capabilities ag~ai‘nst 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 that samechemical. 
Because of the complexity of selecting good CPC and the large amount of CPC data 

' 

available, several databases have been published which allow rapid-searches to be conducted 
using personal computers either at the sampling site ‘or at an office/ laboratory facility.’5".7

V 

Documenting Sampling Protocols 

Sampling protocols are written descriptions of the detailed procedures to be 
followed in the collection, packaging, labeling, preservation, transportation, storage, .and 
documentation of the samples, The more specific a sampling protocol is, the less chance 
there will be for.errors or erroneous assumptions. Table 8 provides a convenient checklist 
of considerations that should be made when preparing sampling protocols.‘ 

The overall sampling protocol must“ identify sampling locations and "include 
all of the equipment and information needed for ‘sampling: the types, number, and sizes of 
containers, labels, field logs_, types of sampling devices, numbers and types of blanks, sample 
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 adjust’fne'n.ts), 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 informa'tio’n c.onceming_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? 
0 Does it include all sampling devices? 
o.Does it include all sampling containers?

. 

-Are the container compositions consistent with analytes? 
oAre the container sizes consistent with the amount of samples needed? 
0 Does it include all preservation materials/chemicals? 
0 Doesit include materials for cleaning the equipment? 
(Does it include labels, tape. waterproof pens. and packaging materials? - 

0 Does-it include chain of custody forms and sample seals? 
0 Does it include chemical protective clothing or other safety equipment? 

Are there instructions for cleaning equipment before and after sampling?
_ -Are instructions for equipment calibration and/or use i_ncluded? 

oAre instructions for cleaning or handlingsample containers included? 

Have instructions for each type of sample collection been prepared? 
oAre numbers of samples and sample sizes designated for each type? 
o.Are any special sampling times or conditions needed? ' 

-Are n'urnbe'r's, types, and sizes of all QC samples included? 
oAre numbers, types, and sizes of "exploratory and .supp_l_ementary samples included? «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? 
0 Do they include ‘maximum holding times of samples? 

Have instructions for packaging, transport. and storage been included? 
Have instructions forchain of custody procedures been included? 
Have safety plans been included?
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meteorological, and hydrological variables -that should be recorded or measured at the time 
of sampling.” In addition, i_nform_a_tion concerning the analytical methods to be used, 
minimum sample volumes, desired minimu,m levels of quantitation, _and analytical bias and 
precision limits may help sampling personnel make better decisions when unforeseen 

h 

circumstances require changes to the sampling protocol. 

Selecting analytical methods is an 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 quantitation) levels. "The analytical method may also affect 
the selection of storage containers and pr'eservation techniques.” In documenting sampling 
protocols there are at ileastthree different types of QA documents. to consider, each one 
covering different aspects of sampling and analysis procedures. These are: a QA Program 
Plan, a QA Project‘ Plan, and a Program Implementation Plan. Often a fourth document, 

a Field-Sampling QA/ QC Manua'l,'is also necessary but, organizationally, this is considered 
to be a part of the overall QA Project Plan.“ V 

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 
respons-ibilities for achieving data quality goals. The five major functions of a QA program 
plan are?‘ 

0 A statement of the purpose_ and importance of a QA plan; 
0 A description of the procedures that will be used to carry out the QA 

program»; V 
v

‘ 

0 A description of the resources committed to perform the QA work; 
0_ identification of‘ projects which require QA project plans; and 
0 A description of how QA implementation will be evaluated. 

_
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The second document is a QA Project Plan. It differs from the former in that 
it is a technical document that details specific QA and QC requirernents for a project. The 
plan also specifies any QA/QC activities required to achieve the data quality goals of a 
project and describes how all ‘data are assessed for precision, accuracy, representativeness, 
completeness, comparability and compatibility. The QA Project Plan further requires that 
all data generated be thoroughly documented and add_re‘ss the following items in sufficient 
detail to permit unambiguous evaluation of project results?‘ 

0 Project description; 

0 Project organization and designated responsibilities; 

0 QA objectives for the experimental data in terms of precisio 
accuracy,’ completeness, ruggedness and comparability; ‘ 

0 Sampling procedures and sample handling; 

0 Sample custody, transportation, preservation and storage; 

0 
I 

Calibration procedures and frequency; 

0 Experimental design and analytical pro_cedures; 

0 Reference standards and quality control standards; 

0 
_ 

Docu_rnentation needed; 

0 Data reduction, validation-, verification andreporting; 

0 Internal quality control checks-and frequency; 

0 Preventive maintenance proceduresand schedules; 

° Specific routine procedures to be used to assess data quality; 

0 Corrective actions»; and
P 

'0 - Quality assurance reports to ‘management.
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To satisfy the requirements forquality data, a QA Project Plan must describe 
. the following activities?‘ 

Network design; 

0 Selection of specificsampling sites;
_ 

0 _Sarnpling,,analytic‘al methodology, calibration, and standard op‘erat‘i'ng 
procedures (SOPs); 

0 Sampling devices, storage containers, and preservatives; 

0 Special operating conditions (e-.-g., heat, light, reactivity, etc.); 

0 Reference-, equiv-alent or alternate test procedures; 

0 Instrument selection and use; 

0 iPreventive and remedial maintenance; 

5 "Replicate sampling; 

A° Replicate analyses;
I 

6; 
_ Blank and spiked samples; 

0 Intr-a- and inter-laboratory QC procedures; 
0 Documentation needed; and 

0 
i 

Sample custody. 

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: 2‘ 

0 Providing unified information for" all participating agencies; 

0 Detailing procedures to be used in the field;
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0 . Providing "information on project descriptions, project organization and 
designated responsibility‘; 

0 Considering sit'ing criteria for the sampling plan; 

.o_ - Indicating the QA objectives for precision, representativeness, 
completeness-, and comparability; '

‘ 

0 Providing information for calibration and maintaining equipment; 

0 Prov‘idi'ng information on safety practices in sampling and field testing 
operations; 

0 -Providing accepted procedures designed to control and define errors 
associated with field measurements; 

0 
. ‘Defining statistical techniques for assessing the experimental data; and 

0 Ensuring that the collected data have met the measurement prograrn 
- objectives. 

The third document is a Program Implementation Plan. It documents 
mechanisms that must be put in place to ensure maximum coordination and integration of 
QA efforts within the overall program (covering sampling, laboratory analysis and data 
handling). Resource levels, schedules, turnaround times, responsibility centers, performance 
indicators, milestones, risk factors, implications, emerging issues, etc-.,- are subjects discussed 
in program implementation plans.“ 

Sampling Contaminated Soils 

ProblemsUniaue to S.amo1in£._Sg'oils 

‘In additiorrto variability of types of pollutants (analytes) _and their 
concentration variations. throughout the site, soil samples often exhibit a geological 
variability. Geological variability is-unique to soils and, to a lesser degree, sediments and 
it imposes some special considerations that sampling other rnatrices 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 o_f pollutants from o'ne.location 
to another. Thus, a soil site can be sampled and then resampled an hour (or longer) later 
with no significant change in the pollutants or their concentrations having occurred; this is 
not generally true of water or air matrices. 

Soils are cha_racteri_zed by‘ several types of variation; it is 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 classif1catior'1 units which approach 
homogeneity within themselves, but which, at the same time, are distinctly different from 
all other units. Differences amongifthese 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, 

I 

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

V 

Because of the nature ‘of’ soil-forrning proces_ses, 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 variationis 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 boundariesof a soil classification unit. Here, also, zones of transition are found 
between adjacent horizons. Furthermore, considerable local variation may occur within a 

particular horizon.” 

These ch‘arac‘te.r‘istics should be kept in mind when sampling soils. The soil 
population to be sampledshould be subdivided, both horizontally and vertically, into 

sampling stratawhich are as homogeneous as possible, and the several sources of variation 

36
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within the population should be sampled if valid inferences are to be made about the 
population from the sample." 

Another characteriastic more unique to soil s_ampling than most other matrices 
(except biological 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 characteristic under consideration is then measured on a sample of these 
elements drawn at random from the unit. For example, a sample of cores may be taken 
from a field plot, and a number of small samples taken from each core for chemical 
analysis?’ 

The primary advantage of subsampling that it permits the estimation of 
some characteri-stic of the _larger sampling unit without the necessity of measuring the entire 
unit. Hence, by using subsampling, the cost of the investigation might be considerably 
reduced. At the same time, however, subsampling will usually decrease the precision with 
which the characteristic is estimated. 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_effor.t should be made to first review relevant inforrnation 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 r”epor‘ts and legal actions), current and former facilityernployees, 
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, _i_f possible), matrices, and 
relevant contaminant concentrations. i 

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

_ 

A site reconnaissance, conducted either prior to, or in conjunction with 
sampling, 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:
A 

b 

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

V 

0 Obtain information from facility files or records (where records are 
' made accessible by owner/operator); and/or from land registry files, 

if possible; and 

o Perform a site entry, "utilizing appropriate personal protective 
equipment and inst_rumentat'ion; 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 drttins, 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 and the environment. 
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However, pollutant migration pathways a_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 maybe 
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 Drain-age, —- Contaminants can be adsorbed onto fine 
sediments, dissolved in surface water runoff, or mobilized via leachate 
and be rapidly carried bysurface runoff into drainage ditches, streams, 
rivers, ponds, lakes, and ‘wetlands. Consider prior surface drainage 
routes when formulating a soil sampling design. 

Vadose Zone Transpor -- Vadose zone transport is the vertical or 
horizontal movement of water and contaminantswithin 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 -- Contaminants adsorbed onto soil may migrate from 
a waste site as airborne particulates. Depending on the particle-size 
distribution and associated settling rates, these particulates may be 
deposited downwind or remain suspended_, resulting in contamination 
of surface soils and/ or exposure of nearby populations. 

pHuman_.Ac-tivitv -- 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. 

‘ Incorporat-ing 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 plans. Field analytical screening. techniques can provide direct 
' 

reading capabilities (e.g., a photoionization detector (PID),or a portable X-rayafluorescence 
(XRF) unit) which may be utilized to narrow the‘ possible groups or classes of chemicals to 
‘support the selection of analytical 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 used 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 thisarea has been identified using screening techniques, an 
appropriate confirmatory sampling strategy can subsitantiiate and further define the screening 
results. The use of fi_eld 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 contarriination), field analytical screening methods should be selected that 
provide detection limits below applicable action levels. 

Representative Sampling of Soil 

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

‘ 

concentration across a contarni.nated site. ‘However, because soils are extremely complex 
and variable, this often requires many different sampling methods. The sampling personnel 
must “select methods that best accommodate specific sampling needs, andthat satisfy the 
stated sampling objectives. In adclition, 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 requirernents and supply s_arn_ple's representative of the population 
to be evaluated,”
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Deposition of airborne contaminants, especially those recently deposited, is 
often evident in the surface layer of soils. However, contaminants that have been deposited 
by liquid spills or by long-term disposition of water soluble 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.” 

Because sample heterogeneity often causes problems in soil, and other 
environmental matrices, representativeness uncertainties frequently far exceed the inherent 
collection and analysis uncertainties. Often it is not possible to quantify the analyte 
concentration uncertainties associated with sample sele'c“tion. In these instances, qualitative 
descriptions of the uncertainties due to sampling limitations should be clearly described and 
the associated assumptions fully documented.‘ 

Sometimes samples are deliberately collected unrepresentatively. Initial 

studies at a contaminated site may focus on the most obviously contaminated areas.- 

Although such samples will not represent the average conditions, they may establish the 
worst case concentrations of the analytes of interest. However, even in these situations it 
is important to obtain background samples of the soil matrix from either local or area 
control sites.

' 

Variability arises from the heterogeneity" of samples, the size and distribution 
of the sampling populations,_and .the bias of the sampling and analysis methods. Because 
soil samples are heterogeneous, it is best to select as large a test‘ sample as practical for 
preparation. An extract or digested solution will be more homogeneous, 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 dlistribution of chernicial species. At the same time, compositing may dilute" peak

' 

values of concern. Therefore, if peak concentrations of analytes are important, compositing
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should be supplemented with grab samples t_a_ker_i at sites and times where higher values are 
‘ 

suspected.‘ 

Selectin” Sam lin ;Locations 

Once a sample approachhas beenselected, the next step is to select sampling 
locations. Forestatigsticlal (‘non-judgmental‘) sampling, selection of the exact location of each 
sampling point is crucial to achieve representativeness. For example, factors such as the ‘. 

difficulty in collectiwng a sample at a given point, the presence of vegetation, or discoloration 
‘of the soil could influence (bias) a statistical sampling plan. 

Sampling points may be located using -a. variety of methods. A relatively 
simple method, which may be used for locating random points,» consists of using either a 
compass and a measuring tape, _o_r pacing off distaf1ce‘s, to locate sampling points with 
respect to a relatively permanent landmark, such as a sfurveynrn-ar'l<‘e~r’. Then, plot aerial 

f coordinates of the sampling points on a map and mark the actual sampling points for future 
reference. Where the sampling design demands a_ greater degree of precis'ior‘1, each sample 

. point 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.
V 

Selecting Sampling Eg uipment 

Methods selected for sampling soils may differ in detail but they allxinalce use 
of one of the following three basic sampling tools: (1) scoopi.ng., (2) coring, or 5(3) angering 
devices. 

Two major considerations must beaddressed whenselecting a specific 
sampling tool. These two consider-ations include soil conditions and the contaminants that - 

are to be analyzed from the collected material. Soil conditions can be extremely lvariable 
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, contaminafits are extremely diverse, varying between ' 

metals, which in most cases are relatively immobile," to highly mobile water soluble 
substances, to contaminants that are volatile.” 

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 eitherinappropriate for a particular task, or improperly used. Results based 
on previous experience,‘ or from an equivalency test, may be used to evaluate, and select 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 inorganic, volatile or nonvolatile). Surface’ sampling may be chosen for recent 
“spills or contamination and low migrationhlrates 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 characteristics will determine the migration patterns of the 
analytes of interest and also the characteristics of the usable sampling devices. The nature 
of the analyte being sampled, e-.-g.,.whether it is volatile or soluble, will influence the 
sampling depth, the sampling device, and sometimes the materials from which the sampling 
device must be constructed.‘‘. 

_ 

When sampling soil at its surface or at shallow depths (less than about 15-30 
cm) scoops or s*l_iovel_s may be used; however, they do not obtain very similar samples. Also, 
these tools are not suitable forsarnpling soil contaminated with volatile materials, since they 
may volatilize during sampling and make the samples unrepresentative. As with all sampling 
devices, careful attention 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 species.“
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Table Soil Sampling Equipment 

Eguipment 

Trier 

Scoop or trowel 

Tulip" bulb
' 

planter 

Soil Coring 
Device 

Split spoon 
sampler- 

Shelby tube 
sampler 

Hand operated 
power auger 

Application to 
Sampling Desig-r_1 

Soft surface soil 

Soft surface soil 

Soft soil, 0 - 15 cm 

Soft soil,’O - 60 cm 

Soil, 0 cm - bedrock 

Soft soil, 0 cm.i_- bedrock 

Advantages and Disadvantages 

Inexpensive; easy to use and decontaminate; 
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 soil core (suitable 
' 

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 maybe used to help 
maintain integrity of VOA samples; useful for 

E 

hard soils-; often used in conj'un'ctio_n with drill rig 
for obtaining deep cores; ; 

Excellent depth range; preserves soil core 
(suitable for VOA and undisturbed sample 
gc’ollect'i'on); tube may be used to ship sample to 
lab undisturbed; may bevused in conjunction with 

h 

. drill rig for obtaining deep cores and for 

‘Soil, 15cm’-Sm 
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permeability testing; not durable in rocky soils. 
A 

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 equiprnetit 

- operators; be.difficult to decontaminate; 
requires gasoline-powered engine (potential for 
cross-contamination).



¢o|gn'o'lIA‘TIoll 

Sampling devices must be decontaminated between successive samples to _ 

avoid crosscontamination (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 equipped for 
that purpose. A soil punch or other thin-walled steel tube device is more suited for 
obtaining reproducible samples at the soil surface or shallow depths. These devices are 
pushed into the soil to a desired depth and retain a sample. The sample may be removed 
for compositing or transferred to other sample containers. Some thin-walled tube samplers 
aredesigned as a combination sampling and shipping device, since the ends of the sampler 
can b.e sealed for shipment after the outside of the device is decontaminated.‘ 

I 

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 contarnination between soil layers, contamination from drilling material, 
non-reproducibility in sample 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 soilprobe or split barrel sampler. Soil cuttings should "be carefully removed after

' 

drilling to avoid c-ros_s contamination between soil layers.“ ' 

Soil probes and split barrel samplers work in a sirni_lar fashion. The device 
. is driven into the soil to the desired de-p.th 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 steel or Teflon® liners are available for split barrel

45



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 exterioris deconta'minated'.“ 

Sample.Preservation and Storage ‘ 

In general, sample containers should be tightly sealed as soon as the samples 
are taken; hea_dspace’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 solut‘io‘ns can be held for the prescribed 
holdingtimes. Either entire cores‘ samples or large por-tions of them should be shipped to 
a lab, wrapped in solvent washed and dried aluminum foil, ortsealed 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 mos-t frequent changes in soil, sediment and water samples are loss of 
volatiles, b‘iodegradation,_ 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 immiscible phase to- separate. 

Anaerobic saznples must, not be exposed to air.” "However, air drying is -generally 

appropriate for rnetals 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 sampling contaminated solids and water can be 
found in the National Contaminated Sites Remediation gProgram’s, "Handbook on 
Subsurface Assess«men~t".3‘ 
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Sampling Contaminated Sediments 

Problems Uni ue to Sam‘ lin Sediments 

Sediments range from sand to clay particles that are underwater. 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 cutti_ng holes in ice in order 
to set up and use sediment sampling equipment. 

Access to the sampling area plays a_n important role in sampling strategy and 
logistics and selection of sampling equipment. There are basically two options for the 
coll_ection'of bottom sediment samples‘: sampling from a platform and sampling by a diver. 
Sampling platforrns may be a ship, ice, a plane, a helicopter, etc. Collection by a diver, 
though ‘usually more costly and difficult than sampling from a platform, often yields better 
quality samples, particularly sediment cores, In areas with a sufficient ice cover over the 
sampled water body, sediment samples can be obtained by ‘drilling a hole in the ice and 
sampling through this hole. The advantage of thistechnique is a steady platform and a large 
space_at the sampling station for assembling the equipment and processing the samples. In 
areas withvno road access, sediments may be collected from a small float plane or from a 
helicopter. Availability of a plane or helicopter and cost are factors to be considered." 

Review Existing Site Information 

Depending on the nature of the project and the siteto be investigated, there 
» may bea 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 pub1is_hed data generated by surveys and studies, 
includi'ng thecharacterization of the sediments, should be completed before the preparation
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of a project plan.” Historical data can be obtained froma variety of sou_rces. Data specific- 
to the area of a contaminated site may include that derived from: 

9 'Geologicalinvestigations; i 

° 
, Previous sediment analyses; 

0. Benthic investigations in conju’nct‘ion with ecological studies; 
0 ‘Environmental impact studies; 
0 Analyses of the overlaying water;

_ 

0’ The types of indulstfy and business that used the site; and 
o ‘ 

’ Watershed activities. 

Data from regional reconnaissance surveys can sometimes provide information 
on abroad scale,'such as concentrations predicted from the known geology and mineralogy 
of the area; geochemistry of s~edi_ments; 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 fertilizersfrom agricultural practices, mining wastes, or excavated 
materials, or industrial / mining processing by-products/effluents.” 

An important factor to consider is that even very old or incomplete data can 
b:e 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 documentat'io_n can prove to -be valuable?‘ 

Particulari pieceslof data which are relevant to project planning for sediments 
include?‘
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General information on the watershed, including quantityand 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 assessingthe 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 mustbe 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)?" '

' 

Site Reconnaissance 

An important aspect which is often overlooked with collection of sediment
l 

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 thereview 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 ofthe 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 qua_lity and usefulness of data. in environmental 
studies.” Selection of the samplingllocations should be based ‘mainly on the project 
objective and on the basis of the site reconnaissance. _‘ 

Sampling hazards should also be identified. and documented during the site
. 

reconnaissance. These may range from dangers caused by rapidly,‘ flowing waters, 

underwaterphysical and geological hazardous features, the iden_tification of thin spots in ice 
covering a sampling site, etc. 

» Representative Sampling Approaches 

In addition to the physicalhandicaps of collecting representative sediment 
samples,- the sampling procedures and devices must also beconsidered because they can 
directly affect therepresentativeness 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 atspecific locations.” 

It is verycomplexi to measure sampling accuracy of sediments, which are, in 
most cases, heterogeneous. The following two ‘techniques can be used for quality control 

yin 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 identicjal field subsampling "procedures, handling and storage of samples, and 
smethods for sediment analyses. The results will show variationstwhich are due to sampling 
and subsampling techniques, but the heterogeneity of the sediment atthe sampling site will 
still affect the test. The sediment sampler must be selected to suit the-sediment texture at 
the test sampling site." 

In the other quality control technique the collected sample is divided into a ’ 

few subsamples and each subsample is treated as an individualsample The results of 
geochemical analyses of all subsamples will 'i'ndicat_e the variabilitydue 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 

h 

contarninants, Cointamination of 
T 

the sediment samples will also affect the 
representativeness of the samples and bias the analytical data either positively or negatively 
both with respect to detection of pollutants as well as with their concentragjons in the 
sediment samples?“
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Sediment samples can be contaminated with pieces" of metal paint or surface 
corrosion products from samplers or equipment used for the operation of the samplers. 
Most samplers are metallic; some may be electroplated or painted to prevent corrosion, 
particularly when sampling in‘ salt water. Samplers with rnetal 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 q_uant_it_a_tive determination of 
metals or organic ‘contaminants should alwaystbe obtained from the center of the sampler. 
Plastic liners and core barrels usedwith gravity corers may be a source of contarnin’atio,n 
with various organic; compounds. However, no data. are available concerning contarnination 
of sedinrnent »s_arn'ples collected with plastic ‘liners and core barrels manufactured from 
different plastic materials?“ 

Selecting Sampling Locations 

Funds spent on sample analyses by the mostisophisticated techniques are 
wasted on samples collected at inappropriate locations. or where an insufficient number of 5 

samples are taken to represent the project area. Consequently, the selection of the number . 

and positions of sampling stations needsto be carefully ‘designed- There is no one formula
_ 

for design of a sediment sampling pattern which would be applicable to all sediment 
sampling programs." ’ 

. . 

/I 

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

0 The purpose of sarripling; 
0. 

I 

. Stud)’ eobjectives; 

° ' 

I 

_ 

Historical data- and other available informat-ion; 
0 Bottom dynamics at the sampling area;

i 

0' Size of the sampling ‘area; and 
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° Available funds vs. estimated('rea1) cost of the project. 

Generally, the reasons for bottom sediment sampling can be divided into the 
following categories?‘ 

0 To _provide a geochemical survey; 
0 

' 

Environmental assessment-of ‘contaminants in sediments; 
0 Evaluation of sediment for a dredging/dispos'al permit; and 
0 ' Research of sedimentary processes. 

A 

Although the strategy and goal of sediment samplinglin 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 project?‘ ' 

Careful definition of the project objectives is highly critical to the successful 
completion of the sediment sampling program. Generally, samples will be collected from 
the study area to investigate the distribution of parameters of interest at a project site. The 
objectives of "a research scientiststudying sedimentary processes at an estuary are naturally 
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, their sampling strategy will often 
be distinctly different?" 

In general, the position of sampling'stat’ions should allow for a reliable, rapid 
__

V 

' 

repetition of sampling in the future without‘ difficulty. Itis 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 selection of sediment sampling stations should have ' 

at least 8 baSliC knowledge of bottom dynamics at the project area. Ideally, sedirnent particle 
size distribution should be mapped prior to the selection of sediment sampling sites;. The 
distribution of sediment on a lake, river, or ocean floor is affected by energy-controlled 
pro:cesses. Sand, gravel, and boulders are the sediment units on the bottom of a fast flowing 
river. Fine-grained sedimentsi (i.e., silt and clay),rnay accumulate in areas of low energy 
zones, suchas 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, suchas wave action, current 
circulation, etc. 

A survey of sediment dep.osits and geochemistry in a lake or pond may be 
useful for‘ evaluation of contarninated sites. In such a case, sediment mapping should be 
carried out as apart of the project,‘ and sampling stations selected to provide sufficient. 
iriforrnation for sediment mapping. The selection of sampling sites d_eal_ing 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 river floors should‘ be prepared. with 
special attention to areas of erosion, transportat_io_n, and .accu,mulati’or1-.- 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 
conc.entra'tions of pollutants, or conversely, to minimize the cost of collecting improper 

samples or the loss of collecti_ng no samples?‘ 

The number and spacing of sedirnent 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 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 - 

V 

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 
withpheterogeneous distribution of different sediment units and many contaminant sources?“ 

In instances in which sediment transport data are required, sampling sites 
should be located near a water quantity gauging station, when possible, so that accurate 
stream discharge. information is available at all times.’ Sampling locations immediately

. 

upstream from confluences should be avoided, as they may be subjected to bac-k 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 piers are often unrepresentative 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 s_ame transect be used 
during the entire sampling pexiod’ so that the variability associated with the sampling 
procedure is minimized.” 

Selecting Sampling Eguip‘ ment 

There are two general types of sediments that may be collected: bottom 
sediments and suspended sediments. In addition, bottom sediments contain two primary 
zones of sediment which are of interest in contaminant studies: the surficial or upper 1010 
15 cm, and the deeper layers. Sampling -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 sizevdistribution or geochemical composition of 
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. . 59%’! 
sediment; A sediment column, which includes the surface-sediment 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 'r'typic'al"v ge'ochemical' profile. shows an 
exponential decrease of contaminant concentrations with sediment depth to a "background" 

' concentration, since many chemical compounds of environmental" concern. are of recent 
origin.“ 

_As would. be expected,‘ completely different sa_mpl_ing devices are used to‘ 

collect surface layers of sediments and cores of sediments. And totally different devices are 
also used to col_lect suspended sediments and bottom sediments. 

For sorné 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 
shapeof the sample are altered from the actual conditions of the deposit. However, for 
most purposes u_ndisturbed 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 contaminants from a certain depth, undisturbed core 
samples must be taken.” 

Samplers used for suspended sediments must allow-the collection of a sa_r_npl_e 
representative of the water-sediment mi'xture_at the sampling point or sampling zone. at the 
time of sampling. These samplers are of three general types: 

0 Integrating samplers; -'

A 

0 Instantaneous or grab sarnplers_-; and 
0 Pumping -samplers, 

Standard suspended sediment samplers used to sample flowing streams and 
rivers should not be used in lakes, reservoirs or other bodies of water where water is 

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

Grab samplersare more commonly 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 sarnple.” 

Sampling Bottom Sediments 

When sampling bottom sediments, it is preferable to collect samples wit-hhigh 
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 sedirnents, 

. 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, especially when toxic chemical screening is the study objective. However, to 
obtain a good estimate of the spat_ial variability of parameter of interest within the bottom 

' 

sediments, _sa_rnpling should be performed at as many sites as possible within 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. ‘Corerfs 

generally collect both surficial and sediment column samples and show the least amount of 
disturbance; grab samplers collect large surficial samples; and dredges collect even larger, 
well-mixed near-surface samples. Usually, dredge samples are considered tobe qualitative 
because their use does not permit adequate control of sample location or sampling depth 
in the sediment column?‘ 

Surficial b_ed sediments can provide an excellent synoptic picture of pollutant. 
spatial distributions. Typically, such'surv‘e'ys entail random sampling over large geographical 
areas us_iI.1.g Stream sediments collected from small, localized streams?‘ 

In the case of shallow, wadeable strearns,_ samples are usually collected by 
hand; in the case of deeper rivers, ponds-, or lakes, samples are usually collected with some 
type of grab samplers. There are numerous grab sampling devices, of various design, that 
have different advantages and disadvantjages depending on the nature of the sediment to be 
sampled (e.g., coarse versus fine), the water depth, the amount (mass) of sediment.requ’i‘red, 
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), samplinglplatform (e-.-g., 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 being lowered to collect a sample (due to the "bow or pressure 
wave" created by the device which can disperse fine-grained sedi_rnen_t 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 s_ize, degree of induration)-; 
and 4) potential for sample contamination?‘



e o ‘ggigfl 0| 

Corers typically are not used forarea. surveys based on surficial sediment 
samples, especially in shallow, wadeable aquatic environments. This is because a major » 

disadvantage of most corers is the extremely small area of the bed that 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 sedimen_ts 
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 i_s invariably better to collect a group of subsamples to 
generate a final composite sample than to arbitrarily collect a single isolated sample as 
being representativeof a sampling site.” 

Vertical sampling of a sediment column invariably involves the use of some 
typenof coring 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 

subsampling, especially when there are obvious physical‘differences (e.g., texture or colour) 
. between various sections 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 
weightrequired can be counterbalanced by the thickness of the core barrel (the thinner the 
barrel, the lower the resistance to penetration), and by reducing the degree of water 
resistance to the speed of descent (larger diameter barrels produce less resistance; also, the 
type of valve at the top of the cover, usually required to prevent sample loss during 
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recovery, can affect the degree of water resistance). Box corers and "Kastenlots" are special 
types of "gravity" corers which do not requi_re rapid rates of descent to deeply penetrate a 
sediment column, However, both devicesare usually very heavy. Box corers scoop out ,a 
section of the sed-intent icolurnn through the opera_tion.of a set of springs which are triggered 
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 
devicesare slowly lowered to the sediment bed and achieve high leve1_s of penetration 
because of their weight working in combination with their lack of frictional resistance due 
to the thin walls of their barrels_. Typical gravity cores do not exceed 2 _m in «length. although 
Kastenlot cores of up to 6 tin 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, s-tops at the sediment-wat_er:inte'rface 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'conditio_ns, piston cores of more than 30 in in length 
“have been collected?‘ 

Long cores: in fairly indurated sediments are normally obtained with a 
vibrocorer. 'Ihese_ 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 _sedirner1ts to facilitate rpenetration. As a result, 
vibrocores tend to be more disturbed than piston cores». Vibrocore length is controlled by 
the size of the system being used, but typically, does not exceed 12 m?‘ ' 

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 addition, suspended sediments,’ along with the sampling and ana-lysis of dissolved samples,
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may represent the only available- means of determining short-termtemporal changes in 
water quality. Suspended sediment transport is strongly interrelated to both hydrological 
and geomorphological characteristics. a general rule, assuming enough material is 

available, as fluvial discharge or velocity increases, 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 samples.“ 

Most sampling equipment and sampling designs are established to obtain an 
"instantaneous" representative sample. Howeventhere 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 l(e.g., for 8 to 10 hours). Unfortunately, no single sampling device,

V 

nor technique, simult-aneously 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 sampler and technique accordingly?‘ 

Sample Preservation and Storage . 

In general, sediment preservation and storage 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 require 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 poss_ible after collection, sediment samples should be filtered). The 
_ 
filtrate can then be used for measuring the dissolved cons,t_'i'tuents.' Preservations procedures 
usually involve‘ refrigeration (for organics) and acid’i'fi~cation (for metals). Suspended 
sediment sample analyses are often limited because of the difficulty in obtaining sufficient 
sediment for the many subsamples requiredfor the different analyses. A composite of a 
large number of representative samples may be necessary,-25 

Samples of bottom sediments for routine particle size analysis can be 
transported and stored’withoutrefrigeration. ‘Samples for most other types of analysis 
include refrigeration (for organics) and acidification (for -metals). Freezing is" not usually 

employed because it can cause physical-chemical changes, fragment sed,i_r_nent particle 

structures, and change the represen_tativeness' of the sample. 

Sampling Water 

"There are many different types. of waters that can be sampled but, other than 
the sampling equipment itself, most of" the samples are treated similarly once they have been 
col1e_cted. In the case of groundwater, the drilling of a 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 andare discu-ssed in the subsection on groundwater. The types 
of water that may be most commonly sampled at contaminated sites -inc-lude: surface waters 

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

_ 

wastewaters (mine drainage, landfill leachate, industrial effluent-s_», 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, steam-, 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: _U:nigue 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 waternandthese 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 

V
I 

Stratification within some bodies of water is common. In lakes shallower than 
about five meters, wind action usuallycauses. mixing, so neither chemical nor thermal 
stratification is likely for prolonged periods»; however, bot_h may occur in deeper lakes.”

' 

Rapidly flowing shallow rivers usually show no chemical or thermal stratification, but deep 
rivers can exhibit chemical stratification with orwithout accornpanyingthermal stratification. 
Stratification may also commonly occur where two streams merge, such as the point where 
an effluent enters a" river. 

Stratification i_s_ also a problem withiocean 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 contaniination 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, ingroundwater 
monitoring, contamination from well construction materials can be significant and material
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blanks become very important. However, many potential contamination sources are 
common to all water samples. 

Groundwater vulnerability to contamination is affected by water depth,‘ _ 

recharge rate, soil 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 'phy'sical’and chemical characteristics ofthe. aquifer 
system is necessary (but almost never known). Groundwaters pr_ese'nt‘specia.l challenges for 
obtaining representative samples‘ 

Review Site lnforrnation 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 

In 

more background information that can be found the better the sampling and analysis 
programs can be planned, 

Also, as described in earlier sections, a preelirriinary site reconnaissance to 
inspect the potential locations where water samples will be taken will help significantly in 

I 

planning the -sampling efforts. Surprises can often beavoided and plans can be made to’ 
include any special sampling or safety equipment to overcome unusual «physicalvbarriers 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 representative water 
samples“ : 

0 Do not include large non-hornogeneous pa,rti,cles_,L such as leaves -and 
detritus, in the sample. 
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_° In flowing waters, place thesampling apparatus upstream to avoid 
.contami_nat'ion. Sampling from the upstream side of a bridge enables 
the collector to see whether any floating material is coming 
downstream and aids in the prevention of contaminati_on of the sample.

_ 

,0 Collect a sufficient volume to permit replicate analyses and quality 
control testing. -If not specified, the basic required volume is a 
summation of the volumes required for analysis of al_l the parameters 
of interest. A

‘ 

The collection of representative water samples‘ requires the use of a variety 
of sampling equipmentdepending 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 
re resentative sam les from roundwaters, rivers and streams. Additional s ecial idelines P P 

_
P 

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

Collecting Rep‘ resentative Waterpsamplestfrom Rivers and Streams 

For water quality sampling‘ sites located on a homogeneous reach of .a river 
or stream, the collection of depth-integratedlsamples in a single vertical may be adequate. 
For small streams a grab sample 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 theintake 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 at the location at a specified number of 
points and depths. The number and type of samples taken will depend on the width, depth, 
discharge,’ the amount of suspended sediment being transported and aquatic life present. 
Generally, the more points that are sampled along the cross section, the more representative

6
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the composite sample will be. Three to five vertical sampling points are usually sufficient, 
and fewer are necessary for nar.-row and shallow streams." 

Some practical sampling considerations ‘related to location’ and season of 
sampling surf_a.c_e waters are outlined below:-“ 

' 

Sampling Procedures from Bridges, Abutments, Boats" and Aircraft 

_Attac«h sufficient rope to permit the sampler to reach the required’ 
maximum depth. The other end of the rope should be secured to a 

' 

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 thedepth of 
sample. Depending on the sampler used, weights may be added;.the 

greater the stream velocity, -the heavier the weight required. ; ‘ 

When sampling‘ from a boat, sarnple 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. A - 

When‘ sampling, it is irnportantithat the sampling bottle not be’ 
permitted to touch the, bottom of the river or lake to avoid 
contami-nat_io_n from stirred-up ‘sediment; predeter-‘mine the water depth a 

to prevent this.
; 

' Rinse the sampler threeior four times with the water to be sampled 
unless the bottle contains a preservative or is sterile. ~ 

Sampling Procedures from Shores, St-re'amiBanks and Wharves 

A sampling iron is often used when water samples‘ are collected from 
shores, stream banks and wliarves.

' 

Insert an open clean sampling bottle into the metal holder, ensuring 
that thering clamp is securely locked in the holder frame by a key ring 

i 

' 

or suitable pin. Attach sufficient rope to the holder to permit sampling 
at the d.es'i'red depths.» Secure the other end of the rope to _a
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permanent "fixture on the bank, wharf, etc. Sampling weights should 
be added as required, as dictated ‘by stream velocity. * 

Throw the bottle with holder well out into the st-ream. 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 quicklyto prevent the bottle from 
touching or becoming snagged on the bottom of the stream. 

Rinse the sarnpling 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 pri_or to sampling or the bottle is 
sterile. v 

Collecting Representative Ice Samples 

Representative sampling. ofice 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 conta_rr'_1i_natio.n of sampling equipment. 

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. 

I 

The hole in thelice must be clea_ned of debris and ‘ice chips; use a dip 
net or other "deslushing" device. 

Field measurernents 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 repr'esentat—ive samples of ice the location of collection devices 
is especially important. The chemical composition of ice reflects the chemical composition 
of the surface water and the rate which it ‘forms ice. The dust and/or plankton it entraps 
has been shown to contribute concentrations of metals such as iron, titar_1i1iI.I.1, and 
molybdenurrn Furthermore, silicon, aluminum, 

, 
phosphorus, barium, strontium, and 

manganese (and probably organic contaminants) may show concentration-depth relationships 
in ice. Therefore, if geochemical (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 problems also occur during winter sampling, where ice conditions 
and low tem‘p’eratu.res can affect sar_npli_ng protocols. For example, heavy ice conditions at 
a site may require the use of power ice vaugers which can contaminate organic chemical 
samples with heavy metals, gasolines and oils. Also, during thaw periods, there is often a 
layer of meltwater immediately under the ice, and this water .is not represe_ntative of the 
water chemistry of the "system. Thus care must be 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 
(Table 1) during winter conditions, must be carefully‘ scrutinized, since some of the 
measurement, meters do not function well in cold temperatures. For example, conductivity 
meters may give erroneous- results ‘(usually biased low) if slush or ice is allowed to build up 
around the thermistor or in the conductivity cell.“ 

Another problem associated with wintersampling, involves sample handling. 
It is essential that water samples are not allowed to freeze prior to analysis. This is 

particularly important for samples with high concentrations of organic matter, as freezing 
and subsequent thawing can result in flocculation of dissolved and colloidal organic 

compounds. Thus, it is necessary to work from a heated vehicle, such as a mobile laboratory 
during the winter months.“
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Collecting Representative Groundwater Samples
N 

In order to collect represent_ative groundwater samples, temporal issues need 
' 

tobe 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 samplingafter 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 d_ri’l_1ing process 
not to cross contaminate aquifers with loosened topsoil possibly laden with 
agricultural/industrial chemical_s_. 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 sampling itself will depend on 
the diameter, depth, and recharge rate of a well. Each well should be slug, pressure,‘ or 
pump tested to determine the hydraulic conductivity of the formation and to estimatethe 
extent and "rate of purging prior to samp'ling.” 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"-‘rr_1ate_ria1s.3°' 3‘ 

Sampling devices and sample containers are always likely sources of 
contamination; Carryover between samples from the samplingdevice 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

I 

_69



Apinu CORD‘ I TIC“ 

used in sampling devices and well construction monitoring. Additionally, tin and ‘lead are 
common ‘contarninants to water transported through soldered pipes. Watercontaining high 
calcium levels tends to extract lead preferentially, but tin is removed in small amounts for 
many years.“ C 

-Table. 10.“ Poteintial Contaminants from _Sampling Devices and Well Casings /- ~ 
' Contaminants Prior to 

Material ’ 

C I _ 

Steam Cleaning
_ 

Il;VAC-threaded joints
I 

Chloroform 
' 

Rigid PVC-cemented joints Methyl ethyl ketone, toluene, 
’ acetone, methylene chloride, 

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

Flexible orrigid Teflo'n® tubing N one‘ detectable 
Flexible polypropylene tubing None detectable 
Flexible PVC plastics tubing 

_ 

Phthalate esters and other 
plasticizers 

Soldered pipes — Tin and lead, 
Chromium, iron, nickel and Stainless 

I 

steel containers 
t - "molybdenum 

I 
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 
‘lead to dissolution of minerals from suspended clays. Samples to be collected for organic 
compounds analyses, however, are never filtered,‘ 

As discussed above, blanks are used to assess "contamination. Blank samples 

_ 

associated with groundwater samples usually should include eq‘uipmem.,_. field, and 
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background blanks. Selections should be made by considering all likelylsourcres’ 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 collecrtion. It is equally important at the 
laboratory to rinse the sample containers with portions of. extraction solvent after the water 
sample has been quantitatively tr‘ansfe"rred 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. Thermoplasetic materials (eg. polypropylene) appear 
to sorb many organic analytes efficiently, so they should be avoided in sampling devic,es.2l‘» 

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 
iphthalate esters which may also leach into water samples.” Phthalate esters interfere with 

' 

instrument sensitivity by masking other contaminants. 

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

V 

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 within one well.” 

Selecting. Sampling Locations 

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

considerations and precautions mentioned above must also be taken during periods of ice 
and snow.“ 

Since the fluvial characteristics of a sampling station‘ can change with season, ' 

annual maximum and minirnum flows and year-round accessibility 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 or ‘she is prepared for any situation.“ 

Some of the key factors involved whenlocating sampling stations at rivers" and 
strearns include: 

0 
' 

Access to desirable sampling points; 
'0 Entrance and mixing of wastes and tributariest 
0 Flow velocities in times oftwater travel; 
0 Marked changes in characteristics of the stream channel; 
0 Types of -stream bed, depth and turbulence; and 

- 0 
. Artificial and physical struc_ture_s such as dams, weirs, and wingwall_s. 
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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?‘ 7 

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 spatial discontinuities ' 

are expeicted. 

Although sampling from bridges has some obvious advantages, there also are 
some possible contarnination‘ problems. Most of these structures are made of metals, 
concrete or creosoted timer and 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 contaminsation 
by organics, heavy metals ('e.g. leaded fuels) and road salts.“ 

In order to .avoid sample contamination‘ while sampling from a bridge, all 

sanipling 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 must be collected from the shore, -' 

which also results in QC problems. Before establishing these stations, it may be necessary 
to perform some cross-sectional sampling to ensure that the littoral samples are 
representative of overall quality conditions. If samples are collected by wading, water 
should be taken upstream from the teChnician’s position in order to avoid contamination by 
re-suspended sediments.“
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t Groundwate'r‘s ' 

Groundwater/well water sampling at municipal and domestic wells is best, if 
possible, at locations prior to any purification/treatment process. This rnore accuratielyv 
determines what contaminants are in the aquifer. Chlorination, filters, softeners, and other 
treatments such as iron, acid, potash, etc., may chemically 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 domest-ic well owners have been 
known -to pour bleach into their wells as adisinfectant.‘ 

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 geostat-istical samples at a ‘site. More detailed information on groundwater 
sampling can be found in the National Site-s Remediation Prog-r‘am’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 favours the use of lakes for long- 

term trend assessments, as the monitoring costs are potentially reduced. As a general rule, 
water and sediment sampling station_s in lakes" should be locatednear the c"enter,'at the 
greatest depth, to avoid shore1ine_effe'cts. Lake depth should be at least ten meters, for 
stable thermal coiiditions and dystrophic or bog lakes should be voided, Lakes that are fed 
by large inlets also should be avoided because of the possible dominance of stream 
cha.r'acteris»t-ics. . 

Headwater lakes can be affected by atmospheric depositions and therefore 
sampling stations should be located. on the mostelevated 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" 
allu-minum boats, rubber rafts and occasionally, helicopters. Use of these means of transport 
must be project specific with particular emphasis placed on the analyte list (Table 1). Thus, 

A 

if heavy metals are the major concern, a rubber boat should be used, while an alurninum 
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 risks of contaniination .

- 

of samples with fuel and kerosene fumes. 

Selecting Sampling Equipment- 

Sampling devices must be construe-ted 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 tohrinse sampling equipment prior to its use. 

Medical grade silicone rubber in peristaltic pumps avoids sample 
contamination by the organic peroxides used in the-r_nanu.facturing of conventional grade‘ 
silicone rubber and the tube compression reportedly does not alter or contarninate 
samples.” If organic 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 ofifood-grade quality to

I 

prevent phenolic compound contamination of samples.” 

Any sorption of the analytes of interest, in or on the sampling device, must be 
documented.- If such information is not available then analyte sorption with the device rnust 
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 c_ollection of representative i 

water samples with automatic samplers may be the skill of the user?’ 

Samplers are designed to collect either discrete or composite sarnplesand 
most are capable of gathering either timed interval sarnples or samples gproportional to flow. 
Various _designs for automatic samplers are available, and selection usually depends on their 
intended use. Significant selection factors are_:‘ 

Intake ‘velocity; 
Watertightneiss; 
Electrical or insulation quality; 
Explosion proof quality; and 
Base of field repair. 

Samples of water analyzed for volatile organics a_re always grab samples using 
glass vials with Teflon®-lined caps; no headspace is allowed. 

I 

G1ass_ containers with Teflor1®elinedi caps should generally be used when 
organic compounds are the analytes of interest. In contrast, w"he‘n metal species are the « 

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

polypropylene) or glass containers with added nitric acid for stability}? 

Characterist_ic_s_of Various Tnvnes 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 sampling site, the high intake velocity can 
t‘ 

' 
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scour sediments from around the strainer and enrich the sample. Also, suction life 

(vacuum) sa_mpl.€_rs will cause volatile compounds to outgas and be lost. Another potential 
problem with vacuum samplers 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 ca_n 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-proportioned 
sampling». Nonuniform time intervals give the option of programming differentitirnes 
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 i.n_frenu_ent 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 
re‘ resentative sarn le of the flow over a iven time.” P . g 

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 materials. Groundwater sampling devices should 
be designed to avoid excessive aeration so that analyte volati1.iz'ation‘ and oxidation are 
rnin_ir_nized. Loss or introduction of gases or volatile organics can affect analytes of 
interest.” -Commonly used devices include electric submersible pumps, bajlers, 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 sampling small diameter shallow 
wells,_but they have the disadvantages of mixing; collecting particulates from the well bottom 
or casing, and aerating or dega_ssing volatile analytes from samples.” Some of these 
disadvantages can be rninirriized 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 to the sample ‘container.3° 

Thus, field blanks. are especially important when using bailers and should alwayslbe 
collected when using this device. 

Suction lift and gas displacement pumps often measure the amount of sample 
delivered inaccurately. In addition-, they will cause degassing and the loss of volatile 

components in the sa_rnples.3°

~ Conii!t0nS.arr2i;1iI3 15 vi smem 

There are many different types of samplers and a few of the most common 
used in Canada are briefly described belo‘w.“p 

0 Depth Integrating Samplers 

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

I 

A

-

1

l 

° 
' 

Sampling Iron 

This apparatus is a device which is made of iron andpainted with a 
rust inhibitor. Typically, it uses a 2:—L sample bottlebut smaller bottles 
also may be used,

‘ 

The sample bottles are placed, the s_ampler and secured by_a. neck 
holder. In some cases, sampling irons may have provision for
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additional weights to ensure avertical 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 loweredto the desired depth, activated and 
then retrieved. Van Dorn, Kemrnerer’ and pump type samplers are 
frequently used forthis purpose. 

' 

- a 

Van Dorn Bottles 

The Van Dorn bottle is designed .for's-ampling at depth of 2 m or 
greater. The sampler is available in both polyvinyl chloride and acrylic 
plastic mater-ials 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 slightly depending on 
its size and style, the basic procedure is the same: 

- 

n 

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 'i'trip'e' 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 cornmonly used in water bodies with 
a depth of 1 In or greater. It is available in brass and nickel-plated 
brass for general water s_ampling. For trace metal sampling, 
Kerninerer 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 Kernmerer sampler is the same as that for the 
Van Dorn bottle.
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0 Pumps 
if 

Three types of pumps - diaphragm, peri.stalti_c 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 const_ruction that does not contaminate the water 
sample. Input and output hoses must also be free from contaminants. 

0 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 sarnples are of equal volume, 
in_formation 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 requirements of specific programs. 

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

"configuration and size ofopenings in the clear acrylic top. 

. Sample Preservation. and Storage Gui.d_e‘lines 

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

Preservatives should "be prepared. from U'ltrex_ Grade or similar grade 

chemicals, and care must be taken to ensure that the water sample is not contaminated by 
‘impurities residing in the added preservative_. In adding pretservatives to field blanks, -the 

same level of caution exercised with actual samples, should be extended to the blanks. The 
practice of adding ultrapure c_list_illed water to the field blank bottles in the laboratory prior
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to the field trip, should be encouraged. The preservation of blanks can then be carried out 
in the field?

V 

The stabil_ity 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 temperat‘ure control. The chemistry of 
all analytes must be considered, and it should be recognized that certain reactions, e.Vg., 

hydrolysis_, may still occur under recommended preservation conditions." 

‘ Holding time is the length a sample can be stored, aftercollection ‘and. 

preservation and before preparation and analysis, without significantly affecting the 

analytical results. Holding times vary with the analyte, preservation technique, and 
analytical methodology used. Usually maximum holding times (MHTs) are specified by the 
method and they must be considered and planned for when sampling and analysis protocols- 
are being developed. 

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

Water samples are in a chemically dynamic state, andithe moment they are 
removed from the sample site, chemical, biological, and/ or physical processes that change 
their compositions may commence. Analyte concentrations may become altered due to 
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. Drinking water and treated wastewaters are l‘il<'ely 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-compounds) should be collected and stored in_ amber glass 
containers to protect them from light.” 

The composition of wa.t_e_rsamplevs may also change because of microbiological 
activity. This is especially prevalent _with organic analytes in wastewaters subjected to 
biological degradation. These samples (and samples containing organic analytes in general) 
should be immediately cooled, stored, and shipped at low temperature (about 4°C). 
Sometimes extreme pH conditions (high or low) or pentachlorophenol are used to kill 

microorganisms, but this is not common because.of their potential for reacting with other 
anal es.” Recent studies have indicated that sodium bisulfite addition ma be 'ust as . 

_ 

. Y J 

V 

effective for preserving water samples for organic analytes-;_as the addition of h'yd'rochloric 
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 

. 

_ 
.

l 

it may take longer to lowersample temperatures.” A maximum temperature thermometer 
document whether temperatures exceeded desired values during storage. 

Analytes also may form‘ salts that ‘precipitate-. The most common occurrence 
is precipitation of metal oxides and hydroxides due to metal ions reacting with oxygen. This 
precipitation is u_sua_lly.pr,evented 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 sulfuric) may cause precipitation of insoluble salts and/or analytical 
interferences.” 

' 

l

' 

_ 
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. How'ever,'addition of sodium hydroxide or sulfuric acid
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may precipitate other cations (es‘pec‘iall_v metals), soliseparate test samples are necessary 
when cyanides, sulfides, or a_rn_monia are target analytes. 

Water samples must be well stoppered and packed, to prevent spillage and / or 
breakage. Labels bearing the sample identification, de—s_ti‘natior_1, 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 thatall 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 indicat_ed 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 placedin more than one carton, a copy of the field 
sampling sheet pertaining to the bottles must be enclosed in each box. 

Sample Collection, Preservat-ion and Storage by Method 

Most of the analytical methods surnmarized in Volume Two also have. 
instructions for collecting, preserving and storing samples, 

S A summary of these 

requirements for each of those methods is provided in Table _l1A, 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-numeric order since many of the methods cover portions of more than one 
of the eight major categories of the analytes of interest.
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Table l'lA.A Sample Collection Preservation and Storage for Organics 

5 Method No./Iype: Sampling and iI’;reservation. Storage 

‘EPA—5t)2.2, Rev. 0 
Cap. GC/I'll)/ELCD 
(VOA) 

.minut . 

Use a 40—l20 mL screw cap vial (prewashed with detergerit, rinsed- 
.with distilled water and ovenedried at 105 °C) with a 
polytetralluoroethylene (l’I':FE) faced:siIicoue= septum. lfiresidual 
chlorine is in the water. add about 25 mg=of ascorbic acid (or 3 mg of 
sodium thiosulfnte) to each vial before collection of bubble-hzee 
samples. Add ltydrochloric acid -(l :l) until a plllol :< 2 is achieved?. 
Seal bottles with I’I'I-‘E faced down and ‘shake vigorously for one 

Immediately cool samples to about 4°C. 

The maximum holding time is I4 days from the date-of collection. ‘Do 
not store samples in-a refrigerator where other volatile chemicals are 

‘ 
stored as their vaporsniay coiitaniirmte these samples. 

EPA»5(l5, Rev. 0 
GC 

‘ ' 

‘Fill av40'mI'. screw cap vial (pre-washed with detergent. rinsed with 
distilled water-and oven dried-at 400°C for one hour)'with a l’l"l-'IE~ 

litced silicon septum with sample. Each vial sltritrlilncoritairtd mg of- 
sodium thiosullate crystals prepared1bel'ore-shipment to the suinplingé

. 

- site‘. .Alternntively, add 75 uL lola sodiutn thiosullate solution (0.04 
g/ml.) to.the vials ju_st prior to sampling. (‘ool.sampl'es to 4°C ntthe 
time of collection.

‘ 

Store samples-at 4°C for maximum of I4 days from the date-of 
collection. llheptachlor is «to be determined. the maximmn.hold time‘ 
should he 7 days. 

EI‘A—5l)7, Rev. 2 
GCINPD 78 

Lirabsantplesvare collected in I I-. glass sample-bottles (pre—'washed 
with detergent and hot tap water, rinsed with reagent water, and- dried 
in anroven at 400°C for I hunt") with screw caps lined with I'I'l7E— 
lluorocarhon. Add mercuric chloride to the sample Imttle in amounts 
to produce a coincentrationiofi I0 mgII.. ll" residual chlorine is.present, 
add 80 mg of sodium tlii‘osujllate per liter of-sample to the sample bottle- 

‘ prior to collection. Allen‘ collection, ‘seal hottle and shake vigorously 
for ‘I minute. Cool =sample to 4°C‘i‘mmediateIy. 

Store samples at 4°C in the dark until extraction. Samples containing. 
di'sull'otou~suIloxide_ diazenon, pronaniide,.and terhufosmust be 
extracted:immediately. Most of the other analytes were stable for I4 
days under these conditions duringpreservation studies, ,Ilo'weve’r,. 

Jcarhoxin, 'El’TC, lluridone, «metolachlor, napiopamide, tebuthuron, 
and terbacil exhibited» recoveries of less than~60'X. alter I4 days during 
preservation studies-. Extractsshould be stored at 4°C in the dark for 
‘a maximum of I4 days. i

' 

EI’A~5I5’..l—, Rev. 4 
GC/ECD 

. 
Grah samplesare collected-in .l I. glass sample, bottles (pre-washed 
with detergent and hot" tap water, rinsed with reagent water, and dried‘ 
in an ovenat 400°C for! hour) with screw caps lined with l'TFli— 
fluorocarbon. Add mercuric chloridevto the sample botlle in amounts 
to produce arconcenlration of IO mgIL. If uesidual chlorine is present-, 
add 80 mg ofsodium thiosulfateper liter of sample to the sample bottle 
prior to collection. Alter collection, seal bottle and shake vigorously 
for I minutes. Coolaampleto 4°C‘immediate|y.

i 

: 

Store samples at -4°C in the-dark until extraction. Maximum hold 
. times are I4‘ days for samples and 28 days for extracts.
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Table 'lllA - Continued 

Method No.fl'ype Sampling and Preservation ' 

Storage 

lEPA—5»24.2. Rev. 3 
Cap. GC/MS (VOA) 

Use a 60-l20 ml. screwcap vial (pre washed with detergent, rinsed 
_Wllll distilled water and oven dried at l05°C) with a l'TFE—faced 
silicone septum. lf residual chlo_rine'is in the water add~ahout 25 mg of 
ascurliic acid to each vial hefore sample Ct " ‘tiim. Collect huliblelrecv 
samples. 

' Add hydrochloric acid until a pll‘ of < 2 is achieved and 
immediately cool;samples to about 4°C. 

'I*'lie maximum holding time is I4 days from tlre-dale of collection. Do 
not store samples in a refrigerator where other volatile chemicals are 
stored :33 their vapors may.conIaminate these'_sampIes. 

. El’A.—5.ll.?l, Rev. 3 
'lll’LC 

SM—6220C
_ 

GClPID- Purge & Trap 

Grab samples are collected in 60vmL glass vials (prewashed with 
detergent and hot tapvwater. rinsed with. reagent-water, and dried in an 

I 

oven at 450°C for l hour) with screw caps equipped with a l’fFE- 
laced silicon septa. Add l.ll ruL of monochloroacetic acid buffer to the 
sample bottle to adjust sample to pH’ 3. If residual chlorine is present, 
add ll0'mg of sodium Iliiosulfate per liter of sample to the ‘sample lmttle 
prior to collection. filler collection, seal liollle and‘slial;e ‘vigorously 
for I 

' 

. Cool _ 
' (to 4"-C ' ‘ “-' -Iy.

' 

l-Jse a 25 or 40 rnL vial (pre-washed with detergent. rinsed with 
distilled water, and oven dried at l05"C for one hour) equipped with a ' 

screw ‘cap with a P'T;FE:—faced silicone septum. If residual chlorine is 
present. addahmtl 25 mg/40 ruL of _ascorhic acid or other appropriate 
reducing agent, to each vial. For samples that contain volatile- 

‘ 

_ 

constituents butdu tlul contain residual chlorine,-add 4 ilrops of 6N 
'll(:‘l/4'0 mL lo'prev_ent hiudegradation and deltydrohalogeiialiun. 
Collect liulihle—free,santples in duplicate and prepare replicate field‘ 
reagent blanks with each sample -set. 

Szrmpleslmust he reliigeratéd at‘-1°C from lime of collection to 
storage. Samples must he stored at —I0-"C unlil annlyzedi. Maximum 
‘hold time fursampl s is ZR dayswlieu adjusted to pll J and stored at » 

l(l°C'. ‘ 

Immcdiately‘cool'samples to 4°C. The maximum holding time is I4. 

days from the date of collection. Do not store samples in a 
refrigerator where other volatile chemicals are stored as their vapors 
may contaminate these samples. 

~~ 
smxmoa d 
Packed GC/MS (BIN/A) 

Collect grab aamplcsxin l L amber glass bottles fitted with a screw cap 
lined with Pl‘-FE. Foil may be substituted if-samples are not corrosive. 
If amber bottles are not availahle, protect samples from light. SampIe= 
bottles shouldtbevwashed and rinsed with acetone or methylene 
chloride, and dried before use. Collect-composite samples in 
refrigerated glass containers. Refrigerate sample containers at 4°C and 
protect from lightditring compoailing. F.ill sample bottles and, if ‘ 

residual chlorine ll present. add -80 mgaodium lliiosulfale per liter of 
aampleand mix well-. ' 

Cool samples to 4°C and keep refrigerated from time of collectionto 
extraction. F.xlracl‘samples within seven days of collection and 
analyze completely within -l0.daya of extraction. 

IOOILUIOGIOS 
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. Table llA - Continued 

ll 
Method'No./Type Sampling and Preservation Storage 

ll SM-6.4208 
Phenols hy GVC/FIVD or 
ECD 

Collect grab santples-in l l. amhenglass bottles frttedgwith a screw cap 
lined'with PIIFE, Wash and rinse hottleand cap liner<w.ith-acetone or 
methylene chloride andydry before use. Collect composite -samples in: 
refrigerated glass containers. ‘Optionally, use automatic‘ sampling 
eqttiprttetttms free as possihle of plastic Iuliiitg and other potential 
sottrces of contamination, incorporate glass sample containers for 
collectingya minimum of 250 mL. Refrigerate sarnpl containers at 
4°C nndgprotect front light during contpositing. Fill sample hottles 
and,-if residual chlorine is present, add 80 rug sodium thiositllate per 
liter of sample and mix well. Cool samples ' 

‘ 

liately to 4°C. 

‘_Ma‘intain sampIes.at 4°C from time of collcctiununtil extraction.
i 

_ 

‘Extract sarttplcswithin 7 days of collection and analyze completely 
. within 40rdays of extraction. ' 

ll 
EPA~lllllll)H, REV. 
GC 

Liquid Samples: .l:Jsc~_a l gallon or a 2: ‘U2 gallon anther glass with a 
screw~top Teflon lined cover. Pre—wash with detergent. rinse ‘with 
-distilled water and methanol (or isopropanol). Flush glassware 
immediately helore use with some ol the ssante solvenrthat will he ‘used 
‘in Ilte analysis. Cool to 4 C. 'll.residtIal clilorineiis present; add 3 mL 
of l0‘l. sodium thiosulfate per gallon and cool to.-1 C. 

Soil/sediments and sludges: Use and (:1. witlctttottlll glass with a 
screw-top Tellon lined cover- l’re—wash with .detergent. rinse with 
distilled water and methanol (or isopropanol). Flush glassware 

’ itnltnediately-hel'ore use with some'ol' the same solvent that willhe used 
in the ~analysis. 

l.i_'quid sarrrpl 3 must he extracted within7 days and extracts analyzed 
within 40 days. Soillsediments may he stored for a maximum of I4 
days prior to extraction. All extracts and samples should he stored 
uruler reft‘igera‘tion away front the presence of exhaust fumes, 

EPA-ll240B,_llevi. 2 
Cap. GCIMS (vm) 

"Liquid Samples: Use a 40 ml. glass screw~cap VOA vial with Teflon- 
faced silicone‘ septum (pre-washedwithdetergent, rinsed with distilled 
deionized water and oven dried at 105 "C for. I hour). .ll' residual 
chlorine ispresent‘, collect sample in a 40 oz. soil‘ VOA container 
which hasiheen pregpreserved with 4 drops of IO% sodium thiosullate. 

' 

; 
Mix gently and transfer to a 40 mL VOA vial. Add-4 drops of 

I concentrated llCL_and cool to 4°C. Collect bubble-free samples in 

] 

duplicate. 
'

' 

Soil/Sediments and Sludges: Use an 8 oz. wide—mouth.g'lass with;_ 
Teflon-faced silicone septum (pre-washed with detergent, rinsedwith 
distilleddeionized waterand oven dried at l05'°C_for l hour). Tap 
slightly. to eliminate free‘ air space. Collect in duplicate and cool to 
4°C. ' 

' plastic bags aItd‘stored ‘at 4°C for a maxiinutn of l4 days from date of 
collection-. 

‘ 

. .

- 

' The two vials/glasses from each sampling should be-sealed in separate
V
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Table JIIA - Contintted 

Method No;fl‘ype Sampling and Preservation Storage 

EPA-8260A, Rev. l 

GC/MS Cap. 
Liquid Samples: Use a 40 ml.»glass screw-cap VOA vial with Teflon- 
faced silicone septum (pre—waslted with detergent, rinsed ‘withrdistilled 
deionized water and oven dried at I05 C for l hour‘). If residual 

‘ chlorine is present: collect sample in a 4 oz soil VOA container which 
has been preprescwediwith 4 drops of IO% sodium tltiosttlfate. Mix. 
gently and transfer to a 40 mL VOA vial. Add 4' drops of concentrated 
llCL and cool-to 4°C. Collect bulnhle-free samples in duplicate. 

Soil/Sediments-andsludges: Use a ll 0!. witlemouth glass-with Teflon- 
faced silicone septum (pre'—washed‘with detergent, rinsed witlt distilled 
deionizedwater and oven dtied at I05 C for ‘l ltour). [)t-l NUT heat 
septum for more than I; hour. Tap slightly to elimintttc free air space. 
Collect in‘ duplicate and cool to 4°C. 

The two jvialslglasses from each sampling should be sealed in separate 
plastic bags and stored at 4°C for a maximum of I41 days from date of 
collection. 

,/ 

EPA—827UB. Rev. 2 
Cap. GC/MS (B/N/.A) 

Liquid Satnples: Use-la I gallon or a 2 I/2 gallon anther glass hollle 
with a screw-top Teflon lined cover. l?re—wash with detergent. rinse 
with distilled water and methanol~(or isopropanol). Flush glassware 
immediatelyihefore use with some of the same solvent that will he used 
in the analysis. Cool samples to 4°C. If residual chlorine is present, 
add 3 rnL.ol' l0% sodium thiosulfate per galloii and cool to.4°C. 

‘ Soillsietliments J: °" ‘,..s: Use an'8 oz. widemoulh glass with a 
screw~t'op Teflon lined cover. Pro:-wash with detergent, rinse with 
distilled water artd methanol (or isopropanol). Flush glassware 
immediately before usewith some of the saute solvent that will he used 
in the analysis. Cool samples to 4°C. 

Liquid samples must he extracted within 7 days and extracts-analyzed: 
within 40 days. Soil/sediments and sludges may be stored for a 
maximum of I4 days. Do not store in the presence of exhaust fumes. 

EPA~82B0, Rev. of 
Cap. GC/MS 

- (PCDDIPCDF) 

Grab and composite samples must he collected in IL or l—quart anther 
i 

glass bottles. The bottles must he acid-washed and solvent rinsed 
before use. Teflon-lined screw-caps should be used with bottles. lf 
compositing equipment in used. the‘ system must ‘incorporate glass: 
aample containers for the collection of a minimum of 250 mL. No 
'l‘ygon° or rutslier tuliing may be used. ' 

Salllplcs ntitsthe stored at 4°C. extratttedwithitt 30 days and analyzed 
within 45 days of collection.



Table lil».A —.Continued’ '

0 

‘ fit ’ 0 
Method Noffype Samplingand Prese'rvation . 

-V . Storage
: 

5 EPA5ll290, Rev. 0 . Sample collection personnel Sll0llld.‘lfl the extent possible, homogenize Store all samples except lish and adipose tissue samples-at 4°C.in the 3 IIRGC-HRMS samples in the field hefore filling the sample containers; The analyst 
_ 

dark. Samples-must be extracted within 30 days and extracts analyied ‘ I 
should make a judgment, based‘-on the appearance of the sample, E 

within 45 days of collection. 
regarding the necessity for additioital mixing hefore takpiug-an aliquot 

.
. 

for analysis. ‘ ‘ 

Liquid Samples: Use a I-gallon‘ or a 2' lil gallunatttlier glass bottle 
with a-screw-‘top Teflon’ lined cover. I’-'re—.wash with detergent; rinse 
with distilled water and methanol (or isopropanol). Flush glassware 
itnntediately before-usewiih some of the-same sulv_en’t-lhat‘w_ilI he used 
in the analysis. Cool -samples to 4°C. ll‘ residual clilurine'is present, 
add 3 mL of l0<'/la sodium tltiosulfateper gallon and cool to 4°C. 
Soil/Sediment & Sludges: Use an 8 oz. widernotilh glass with a screw- 
top Tetlon lined c_ovcr. Pr_e~wash with detergent,» rinse with distilled 
water and methanol (orlisopropanol). ?Fluslt glassware immediately 

‘ 
before use with some of the>same< solvent that will he used in the 
analysis. Cool sainplessto 4°C. 

, 

V 

-

f
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Table Ill}. Sample Collection, l’reservat-ion and Storage for lnorganics 

Method No.l'l'ype Sampling and Preservation Storage
H 

EPA-J40. 2 
Fluoride 
(Polentiometric Ion 
Selective Electrode) 

No special requirements. No-special requirements. 

SM-Jl I IE 
AA (Flarne-AIR) 

f 
‘Use sample containersanaile of polypropylene or linear pulyetliylene 

' witha polyethylerte cap. Store samples for determination of silver in 
light—absorbing containers. Use only containers and tillers that have 
been acid rinsed. Preserve samples ' " 'ely aller collection by 

« acidifying with concentrated HN(), topll < 2. Filter samples for 
dissolved metalsnbefore preserving. 

Alter acidifying sample, store at approximately 4°C to prevent change 
in volume due to evaporation. Samples with metal concentrations of 
several milligrants per liter are stable for up to six lllt|lllllS. For 

’ microgram per liter metal‘levels.ana'lyze samples as snort as possible 
aller collection. 

SM-3| I ID 
AA (lilame~N:t )) 

Use sample containers made of polypropylene or linear polyethylene 
with a polyethylene cap. Store samples for deterntinatioirnt' silver in 
light-absorbing containers.‘ Use only containersanrl tillers that lmve 

' 

- been acid rinsed. Preserve samples immediately aller collection by 
acidifying with concentrated llN(), to ppll < 2. Filter samples for 
dissolved metals before preserving. ‘ 

Aller aridifyingvsample, store at approximately 4"C to prevent change 
in vivlnrne due t_o evaporation. Samples with metal concentrations of 
several milligrams per liter are stable for up to six months. For 
microgram per liter metal levels analyze samples as soon,as possible 
after collection.

I 

' SM-3| l_2B 
AA (llg) 

Use sample containers made of polypropylene or linear polyethylene- 
with a polyethylene cap. Sl|lfC'§fllIlPlCa for deterrninatinn of silver in 
light—absorbing containers: Use only containers and filters that have 
been acid rinsed. Preserve samples immediately aller collection by 
acidifying with concentrated llN(), to pllz <2. Filter sampl a for 
dissolved metals before preserving-_ 

Afler acidifyirtgsatttple. store at approximately_4°C to prevent change 
in volume due to evaporation. Samples with metal‘concentrations of 
several milligrams per liter are stable for up to six months. For 
rnicrogram per liter metal levels analyze samples as soon as possible 
after collection. - 

SM-J l l J!!- 
AA (electrothermal) 

Use sample containersrntadeaof polypropylene or linear polyethylene 
with a polyethylene cap: Store samples for detennination of silver in 
light-absorbingeontainers. Use only eontaine s and filters that have 
been acid rinsedi Preserve samplesiinmediately atler collection by 
acidifying with concentrated HNO,-to pll <2. Filter samples for 
dissolved rnetalaibeforepreserving. 

Mler acidifying sample, store at-approximately 4°C to prevent change 
in volume due to evaporation. Samples with metal concentrations-of 
=severa| milligrams per liter are stable for up to six months. For 
microgram per liter metal levels analyze samples as soon as possible 
alter collection.
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Table Ill} - Continued 

Method No ./Type Sanipliug and Preservation Storage 

SM-3 I I48
I 

AA (llydrid'e~As,Se) 
Use samplecont ' 

s ntade of polypropylene or linear polyethylene- 
with a polyethylene cap. Store samples for determination of silver in 
'light—a|isoibing containers‘. Use only containers-and filters that,ltave 
-heenacid rinsed. Preserve samples immediately alter collection by 
acidifying with concentrated IlN(), to pll < 2. Filter samples for 
dissolved metals before preserving. 

‘ 

Atlcr ‘ac‘idifying;sanIple, store at approximately 4_°C to prevent change 
in volume due to evaporation. Samples with metal concentrations of 
several niilligrams perliter are stable for up to six months. For 
microgram per liter metal levels analyze samples as soon as possible 
aller collection, ‘ 

‘ 

. SM—3'l2()I3 
lCl’ 

Use -sample containers made of polypropylene or linear polyethylene 
with apolyethylene cap. Store samples for determination of-silver in- 
light-absorbing containers. Use only containers and litters that have 

. 

I’ 
.been:acid rinsed. P.-reserve‘samplessimmediately aller collection-by 

' 

acidifying with concentraIed‘HN(), to pll < 2. Filter samples for 
dissolved metals before preserving. 

Aller acidifying sample, store at approximately 4°C to prevent change 
in volume due to evaporation. Samples with metal concentrations of 
several milligratnx per liter are stable for up'to-six months. For 
-uiiciogram per liter-metal levels analyze samples as soon as possible 
aller collection. 

tEPA«'60'l.l). Rev. 0 
' ICP 

‘I [Samples-should be collected inhorosilii:at_e glass, ‘linear polyethylene. 
polypropylene, or Teflon bottlesthat have been pre-washed with 
detergent and tap water, and rinsed with l:,I nitric «acid and tap water 

’ 

or I:I hydrochloric acid and tap water. The appropriate collection 
volnmeand preservative is shown in Table I IC. 

5 The maximum holding times from time of collection to time of 
extraction is shown in Table MC for each type of aualyte. 

EPA«7l96, Rev. 0' 
Colorimetric 

Collect samples in 500 mL or I liter glass or plastic hottles previously 
' 

washed with detergent, rinsed with tap water, I:;l hydrochloric acid, 
tap water and Type ill water. Cool to 4°C. 

To retard the chemical activity of Cr VI, the= samples and extracts 
should be stored at 4°C. The ntaximumholding,tiine prior lo_analysis 
is 24 hours.

i 

~~

~ 
~~ 

‘EPA-7470A, Rev. I 

Liquid Waste Vapor 
Technique—Hg 

All sample containers must he prewashedwith detergents, acids, and 
reagent water. Plastic and "glass Vcontainera:are both suitable. Aqueous 
samplesntustabe acidified to a pH_ < 2 with llN(),. Non-aqueous 
samplesahould be refrigerated, when possible. 

Store nUfl'lIqIlC|IlIfivSlIlTl|'l|Ca at 4°C when possible, and analyze as soon 
as possible. The suggested maximum hold'times for mercury is 28 
days.

i 

5t>x—147u\, llev. I" 

Solid/Semi-Solid‘ Vapor 
Techniq_ue~llg 

~~ 

~~ 

All ‘sample containers must be prewaahed with detergents, acid, and 
reagent water. Plastic and glass containers are both suitable‘. Aqueous 
samples rnuathe acidified to a pH < 2 with ‘nitric acid. Nonaqueous 
samples must be refrigerated, when possible. 

Store non-aqueous:samples at 4°C, when possible, and analyze as 
soon as.possihle_. The suggested maximum hold times for mercury is 
28 days. >



Table IIB - Continued 

ll 
- 

- Method Noffype Sampling and Preservation Storage 

OILIIOCIOB 

EPA-7870, Rev. 0 l.iquid‘Samples:' Collect samples in I liter-glass or plaslicvlmltlcs 
, 
Stone samplesat 4°C for a maximum of'6 months. 

AA/AD ‘ 

(previously washed with d'etergent,.rinaed with tap water, I:l nitric 
I 

acid, tap water. lzrl hydroclllolic acid, tap water and Type II‘ water). 
I 

- 
' ' 

- Add HNO, topll <2. Cool to 4°C. 

Soilslsedinicnlsz Collect in same type bottles as‘ liquid samples. Solid 
samples usually require no preservation. do not adjust plli 

EPA—9l)I2. Rev’. 0 Collect samples in I liter or larger, plastic or glass Imltles. All lvotlles Samples should be stored at 4°C and analyzed as soon as possible. 
(‘.o|mimetric, Automated must be thoroughly cleaned and rinsed to remove solulile m.1tctia|.~. 
UV Oxidizingagents such as chlorine decompose most cyzmitles-. Tu 

V

? 

determine whether oxidizing agents are present, test a drop of llte ‘ 
I " 

sample with acidified potassium iodide (Kl) - starch‘t'est_ paper at the 
p l 

time of collection; a blue color indicates the need for treatment. Add 
ascorbic acid a few cryatalsat a time until a drop of s.'mip|e,pnuluces 
no color on the indicator. Then, add an;ad'clitionaIv0 6 g. of ascotlnic

_ 

go 
» 

V 
. acid for eacli liter of water. - 

,_. .. 

u 

: 

Samples Innsrlie preserved by adding. ION sodium hyjlioxide until 
I 

. -sample pll is greater than or equal to I2 at time nlcollection. 

; EPA-90-10A, Rev. I Notlisted. . 

' 

I N... listed. 
pll Iilcclmtitelric ' 

. 

Measurement‘ 

EPA-9050A, Rev. I Not listed‘-.' ‘ Not listed. - 

Spec. Conductance ’

.
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Table 11C. Method 6010 Sample Holding Times, Required Digestion Volumes, 
and Recommended Collection Volumes for Metal Determinations. 

. 

Digestion* Holding Collection 
Measurement Volume (r'n_L) Vo‘lur_ne (:rn_L) 

Z 
Preservative p:I‘im_e_s 

_Metal's (except Cr 6 andflg) _ x 

Total Recoverable "100 600 I;-lv_I_~JC),» to pH < 2 ' 

'6 month; 
_ 

. 

. 

Filter on site 
Dissolved 109 _ 

600 I-INO, to pH < 2 6. months 

Suspended 100 600 Filter on site 
A __ 6 months 

Total 100 eoo HNQ to pH < 2 émonths 

Chromium VT _100_ 
A 

400 Cool to 4f’C 
_ 24 hours 

Mercury 

Total 100 4400 I-Amo,» to pH < 2 . 28 days 

p 

. - Filter; I-INO, to v 

Dissolved 
_ H H _ Z V 

100 400 
H 1 

pH <2 28 days 
.

— 
‘ . 

Solid samples should be at least 200 g and usually require no preservation other than storing at 4’ C. 
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v 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 is 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 

4 

adequate for the intended use, the data are considered to be of adequate quality. When 
-analytical resultsare 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 activitiesgthat 
assures the producer or user of a product or a service that defined standards of quality with 

I 

a stated level of confidence are met. Quality Control (QC) differs in that it is an overall 
system of activitie_s 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_, s_pikes, etc., to control and assess the quality of 
the measurements, while QA isthe management system that ensures an effective QC system 
is in place and working as intended. 

The objectives of a comprehensive QA p_rograIn° are to: 

‘93



° _Establish policies and proto.cols on laboratory‘ quality control; 

0 Document QA ‘methodology; 
0‘ Standardize data quality control; 

0 . Provide guidelines for good laboratory practices; 

Establish‘ a quantitative approach "to dete~r‘mi‘ne' single/multiple 
operator and overall precision and confidence intervals‘ of analytical 
results: —

‘ 

0 Make -available data quality information documents for clients and 
data users; ‘ ' 

0 Implement a mechanism for auditing laboratory operations; 

0 Establish a framework for high calibre analytical practices: and 

0 Provide QC statements to support analytical practice_s_. 

Selection of an Analytical Method 

A 

There are usually at least several methods available for most environmental 
analytes of inteereest. Some analytes may have almost a dozen methods to select from. C)_n 

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 
envi_ronmental pollution have not been verified to perform acceptably with any of the

I 

commonly used methods. 

Often initial analyses may be performed with a variety of field methods that 
are used for screening. The purpose of using initi»al~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, 

H 

‘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.

I

l



- In general, these les_s specific screening methods have not been included in these guidelines 
because of the preliminary nature of the data obtained from them, However, some of the 
methods included in this manual are also applicable to field ‘screening methods. For 
exainple, the gas chromatographic methods with flame ionization detectors (i.e., SM-6410B), 
or electron capture detectors (i.e., SM-6420B and '_EPAi-505) or other selective detectors can 
be used with portable instruments or with laboratory type instruments installed in mobile 
laboratories. Under these conditions analyses 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; 

0 Availability of instrumentation; 

0 Confidence level needed; 

0 Sensitivity desired; 

0 Potential ijnterferenc-:es, and 

i 0 Applicability of the method -for the matrix._ 

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

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

Anotvher early 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 
Contarninated Sites Remediation -Program is specifically interested in surface water (rivers, 
lakes, streams) and groundwater samples. _Both surface waters and groundwaters are sources 
for drinking water so all methods that mention raw source waters should be applicable for 
either of "these water types. In actuality, most methods differ in the a'pplication ‘for various 
matrices in sample preparation. Once a sarnple has been prepared correctly‘ according to 
matrix requirements, the instrumental analyticial 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 ex-traction steps in EPA Method 8270B, then the extracts‘ could be analyzed 
using the instrumental conditions (GC column and mass spectrometric ions) i_n Standard 
Method 6410B. . However, precision and bias (from sample preparation recovery and 
method i,n.t_erferen_ces) would have to’ be documented using appropriate quality control 

samples before the environmental samples could be analyzed-.7
_ 

The selectivity of some methods is better than others and this will affect the
4 

,degi*ee 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 isfrom the s-ample instead of being an artifact from instrumental noise, background 
contami'nat’ion or other types of interferences. A signal that meets detection criteria and 
that has the chara‘cte:r'istics -of the analyte of interest (for example, a peak in a‘ga5
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chromatogram at the correct retention’ time forthat 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, repeat-inggthe 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. 

I 

Sens'it'ivity can be an important consideration when concentration levels of the 
analytes of interest are likely to bevery low. Sensitivity 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 selectiv'ity characteristic-s must be weighed versus one 
another. expert system called the GC Advz'sor7 has been written basedon rules deduced 

, 

from knowledge of the characteristicstof various detectors and the American Chemical 
. 

Society Principles ofErzvir0nm‘entaI 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 Canada specifies the use of laboratories certified by the‘ 

Canadian Association for ‘Environmental Analytical Laboratories (CAEAL). This non-profit. 
organizationlwas formed in 1989 on the initiative of a number of laboratories in government ' 

and industry with the overall -goal. of improving the quality of laboratory inforrnation 
necessary for legislators and decision-makers to develop effective policies and regulations 
to protect Canadais environment. 

The three general objectives of CAEAL are:
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0 
_ To raise a_nd continually improve the quality of laboratory analyses in 

l Canada; 
' 

—

i 

0 To provide a national forum for communication and ‘dia-,logue'between 
laboratories; and 

0 To provide a variety of .services7 to help the industry in upgrading its 
product and cornpetitiv.eness. ‘ 

» 
V

— 

Services offered CAEAL include the provision of Q_,A/‘QC programs leading 
to certification/accreditation for member laboratories. Cert1ificat_ion is the ‘formal 

recognition by the Association of the proficiency of an environmental analytical laboratory 
to carry out specific tests. 

I 
Formal’ recognition is based on a screening of laboratory 

capability and an evaluation of laboratory performance. Under this program p_art-icipatitng
_ 

laboratories are sent test samples at six month intervals for analyses. Results are submitted “ 

to CAEAL for evaluation. A 

Although current performance evaluation (PE) samples are limited,’ they are 
being expanded to include additional pollutant_s 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 sitevisits to observethe actual operations of laboratories. Protocols are 

i 

being developed to conduct site visits by qualified ‘assessors. Laboratories which successfully 
meet the national standards associated with site inspections and analyses oftest samples will 
be granted accreditation which will replace the certification currently offered. 

Member‘shi‘p in CAEAL is open to individ_uals, institutions, user groups, 
consultants, industrial organizations, regulatory agencies, standard materials and laboratory 
equipmenlt suppliers, and others interested in the work being carried out in environmental 
analytical labo‘r~a’torie‘s. Information_ on CABAL 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 
2 

prepared for 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 Member laboratories will be encouraged to adhere to the 
guidelines specified the_rein;. 

The Importance of Communication Between Laboratory a_nd Field Personnel 

ln 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 cor_n.rnunicat'i'on between ' 

sampling and laboratory personnel becomes obvious when, the many different 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 
bec-auseof uncertainties as to 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, preservation 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 

' 

Theretare usually" multiple analytical methods for most of the analytes of 
interestto the National Contaminated Sites Remediation Program (Table 12). However, 

. there are also sorne 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 I 

multiple laboratories they must be scientifically validated by peer review andpublished so 
that they can be located easily by the user for further details. Although many unpublished 
methods are i_n 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 rnethodsand their sources are listed in Appendix 2. 

Methods .for Organic Compounds 

9 Methods with highly selective detectors (eg. mass spectrometers) were 
chosen in preference to‘ those with less selective detectors (electron 
capture, photoionization, etc); 

0 Some non-mass spectrornetric‘ methods were selected to provide lower 
(cost analyses that are appropriate for monitoring situations; 

0 Methodsthat used capillary GC columns were generally selected ove_r 
those that used packed GC columns because of the higher 
chromatographic resolution that capillarycolumns have; 
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Table .Analy’tes Covered by ‘the National Contaminated 

PH
v 

conductlvlty n 

sodlum adsorptlon ratlo
_ 

Inotyflllc 
antimony 
a'r"senlc 

barl_u_r_n 

berylllum 
' 

boron (hot water soluble) 
cadmlum 
chromlum (+6) 
chromlum (total) 
cobalt 
copper 
cyanlde (free) 
cyanide (total) 
fl.uo..r|de. (total) 
lead 
mercury 
molybdenum 
nlckel 
selenlurn 
s_llve_r 

sulphur (elemental) 
thallium 
tl'n' 

vanadium 
zlnc 

benzene
V 

chlorobenzene 
ethylbenzene 
1,2-dlchlorobenzene 
1,3—dIchlorob1enzene 
1.4-dlchlorobenzene 
styrene 

' "toluene 
xylene (unspeclfled rnlxtu_re) 
o-xylene 
m-xylene 
p-xylene 

_..|| '1 
(PMS) 
bemolalanthracene 
benzo(a)pryene 
benzo(b)1'luo‘ranthene 
benzo(k)fluoranthene 
dlben;(a.h)éInthrac¢ne 
|ndeno(1,2,3,-c,d)pyrene 
na“phthale'ne 
phenanthrene 
PY'¢."¢ 

Sites Remed.iat'io'n Program_ 

Phenol: 
2,4-dlmethylphenol 
2,4-dlnltrophenol 
2-.n_lethyl-4,6‘-d_lnltropl_I_enoI 
2-nltrophenol 
4-nltrophenol 
phenol 
cresol (unspeclfled r'_nlxtu_re) ' 

2-cresol 
3-c,re,sol 
4-cresol 

2-chlorophenol 
3-chlorophenol . 

4-chlorophenol 
2,3-dlchlorophenol 
2,4.-d_lC|f||O|’Op_l'le_n,Ol 

' 2,5"-dlchlorophenol 
2.6-dlchlorophenol 
3,4-dlchlorophenol 
3,5-»dlchloroph_en_ol 
2,3,4-trlchlorophenol 
2,3,5-trlchlorophenol 
2,3,6-trlchlorophenol 
2,4,5-trlch_lorophe_nol 
2,4,6-tr1c_h_|orophenol 
3,4,56trlchlorophenol 
2,»3,4,5-tetrachlorophenol 
2,3,4,6-tetrachlorophenol 
2,3,5,s-tetrachlorophenol 
pentachlorophenol 

Mlscellaneous onganlc 
panmetus 
non-chlorinated allphatlcs 
(each) 

' 

phtjhallc acld esters (each) 
n-butyl benzyl phthalate 
dl-n-butyl phthalate 
dlethyl phthalate 
bl's'(2-Ethylhexyl) phthalate 
dlmethyl phthalate 
dl-n-octyl phthalate 

- qu_lnoll_n_e 
thlophene
. 

aldrln and dleldrln 
chlordane 
DDT 
endrln

_ 

heptachlor (ometabolltes) 
llndane 
methoxychlor 
‘c'arbary'l'

‘ 

carbotufan 
2,4-D 

' 
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dlazlnon 
parathion 
dlquat 
P313433‘ 

chlofotorin 
1,1 -dlchloroethane 
1 ,2-dlchloroethane 
1.1-'dlchl_oroethene 
cls-1,2-dlchloroethene 
trans-1;2-dlchloroethene 
dlchloromethane v 

'1 ,2-dlchloropropane 
c_ls-1,2-dl_ch_loropropene 
trans-1,v2'-dlchloropropene 
1,1,2,2-tetrachloroethane 
tetrachloroethene 
carbon tetrachloride 
1,1;1-trlehloroethane 
1,1,2-trtchloroethane 
trlchloroethene 
1,2,3-trlchlorobenzene 
1,2,4-trlchlorobenzene 
1 ,-2,5-tflchlorobenzene 
1,3,5-trlchlorobenzene 
1,2,3;4-tetrachlorobehzene 
1 ,2,3.s-tetrachlorobenzcne 
1,-2-,4,6-tetrachlorobenzene 
pentachlprobenzene 
hexachlorobenzene 
hexachlorocyclohexane 
Aroclor 1242 
Aroclor 1248 
Aroclor 1254 
Aroclor 1260 
2.>3,'7,A8-T‘CD:D 
1,2,3,‘I,8—P,CDD 
1,2,3,4,7,a-H,coD 
1,2,3,7,a,s-H,coD 

. 1,2,3,s,7,s-H,coo 
_1,2.3,4,6,7,8-H,CDD 
o,coD 
2,3,7.a-'r,cojF 
2.3.4.7.:-P,coF 
.1,2,3,7,s-P,coF 

' 

1»,2,*3.4,.7.3-H,CDF 
1,2,s.7,s,s-H,coI= 
1,2,3.s_,7.s-H,coI= 
2,3.4,s,7,s-H,col’= . 

1,2,3,4,s.7.a-H,cDF
‘ 

o,coF
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0 Methods that cover both so'ltid;-and aqueous matrices were selected 

over those that covered one or the other; and 

0 
. 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 r_nat_rice's, 

Methods for Metals 

0 
l 

Methods for both atomic absorption (AA) and argon plasma emission 
(IQP) spectrophotometric techniques were selected when available; and 

0 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_tional 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 isvnecessary in order to keep discussions within 

. the g'overnment’s pre-established ‘framework for these analytes. 

The eight major analyte groups are: 

0 General Variables; 

0 Inorganic Variables; 

I Monocyclic Aromatic Hydrocarbons; 

° Phenolic Compounds: 

. . Polycyclic Aromatic I-lydrocarbons; 
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0 Chlorinated Hydrocarbons; 

0 _Miscellaneous Organic Parameters; and - 

0 Pesticides. 

Each of these groups are discussed below wit_h general comments on the 
, 
applicability of the methods selected for recommendation and any problems to be noted in 
using them. 

This group consists not of individual analyte's_bt’it, rather, of water quality 

V 

parameters" or physical property attributes. 

Two instrumental methods were selected for pH measurements‘: EPA-9040A 
for aqueous 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-9vO5OA, was selected for aqueous samples. 
There are no methods for specific conductance in soil and .sediment samples since the 
technique only has a_ppl_ication'to water--sample-s_. 

Inorganic Variables 

-Method EPA-60l(i)A, an ICP (argon plasma emission) method is considered 
to be the most generally useful met_hod 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-3l1lB 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-3l20B is an ICP method that is analogous to the-ETPA-6010A method 
described above except that, unlike the EPA method, SM"-3120B is limited to aqueous 

I 
. samples. 

‘ Two other-variations on the atomic absorption technique involve methods SM- 
3111D andlSM-31.14B. These methods are used for AA analysis of metals not covered by 
the more widely applicable AA methods described above (SM-3111B and SM-3113B). 
Barium, beryllium, molybdenurn and vanadium in water are analyzed by SM-311lD 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-7470A, it 

should perform just as well for lakes_, rivers and stream samples as for groundwater samples 
ifrthe same sample preparation steps are followed. 

Total and amenable cyanides can be measured in aqueous samples (including 
soil or waste leachates) using E_PA-90_12. 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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EPA-8240.13 and EPA-:826OA are the most generally applicable methods for 
this group of compounds because they cover‘ all of them (Table 12) in the [flour matrices of 

interest (surface water, groundwater, soils and sediments). Both use purge-and-t-rap GC/ MS 
techniques, the primary difference being that E,PAs8240B employs a packed GC column for 
separation of the compounds while EPA-8260A uses a high resolution capillary column. 
EPA-8240B is the only method that analyzes sp.ecific_ally for xylenes as an unspecified 
mixture because they are’ ‘poorly resolved using a packed column. All of the: other 
recommended methods (EPA-524.2, EPA-502.2, and EPA-8260A‘) use capillary columns 
whose superior resolution separates all three xylene isomers. 

EPA-524.2 mentionedabove will also provide good analytical data using 

GC/ MS with a ciapillary column and low resolution mass spectrometry. Although it is limited
A 

to aqueous samples, it may be the method of choice over EPA-8260A when only water 
samples are involved.

y 

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 spectrometric methods 
above and their continuing presence over time can be monitored using less. expensive 

analyses. The method uses a photoiorijization 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 P-‘rograrn. As 
with the other twomass spectrometric methods that use capillary columns,. the three xylene 
isomers are measured individually so if data on only the total xyflenes in an unspecified 
mixture are needed, it can be obtained by summation of the concentrations of the individual 

i 

xylene isorners, Additional applicable rnethodsfor this group, d..iscus'sed below, include SM- 
6410B and EPA-8260. 
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Phenolic Compounds 

The phenolictcompounds a_re divided into two groups: non-chlorinated (each) 
and chlorophenols (each). There are 9 non-chlorinated phenols and 19 chlorophenols 
specified as analytes of interest (Table 12). The chlorophenols specify all of the isomers for 
chlorophenol, dichlorophenol, trichlorophenol and tetrachlorophenol plus the single 
lpentachlorophenol isomer. The problem encou_ntered during surveys of the methods'blei_ng 
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 chlorophenol isomers for which methodology is 
lacking are: 

3-chlorophenol; 

4-chlorophenol‘; 

2,3-dichlorophenol; 

2,5-dichlorophenol; 

3,4-dichlorophenol; 

3,5-dichlorophenol; 

2-,3,4-trichlorophenol; 

2,3,5-trichlorophenol; 

2,a3,6-trichlorophenol‘; 

2,4,5-trichlorophenol; 

3,4,5-trichloropheniol; 

2,3,4,5-tetrachlorophenol; and 

2,3,-5,6-tetrachlorophenol. 
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Each of the methods described below is likely to be acceptable for the analysis of the above 
chlorophenols and also the cresols. However, these methods must be validated for analysis 
of these phenols and cresols.. 

The most generally useful method ‘for phenolic compounds is EPA-8270B 
because it is applicable to both aqueous and solid (soil./sediment) samples. Groundwater 
is listed specifically as an applicable matrix in this method and, although surfacewaters are 
not specifical_1y listed, they will be equally applicable in every respect withlno exceptions.

' 

_ 

The method uses high resolution GC capillary columns and low resolution’ mass 
spectrometry. It should be noted that this is the only generally applicable method that is 
recommended for use with soils and sediments. 

The-re are two additional methods that are recommended for use with aqueous 
samples: SM-641.0gB and SM-6420B. In many ways SM'—6410B is similar to EPA-8270B but 
it is more limited in that it uses a packed GC column (with lower separation resolution) and 
it only covers aqueousimatrices. For’ monitoring purposes, SM-6420B may sometimes be 
useful-.' It also uses a packed column and is limited to ‘water’ samples. The detectors may 
be either flame ionization (FID) or electron capture (ECD), Both are very nonselective 

— detectors’ and the data will be -subject to false positive interferences if the water ‘samples 

have many compounds in them. However, if‘ they are relatively non-complex vsarnples, this 

method can provide economical monitoring data-. The same caveat as discussed above also 
applies even more strongly to the use of either of these less selective methods. for the 
phenolic compounds for which there is no ‘information, i.e. complete method validation will 
be required for each method before it can be ‘used with theseicompounds. 

Cresol is a mixture of three isomers: 2-cresol, -3-cresol, and 4-cresol. It is not 

A 
specified Whether total cresol determinations are desired or whether analysis of each of the 

isomers is necessary. 
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ePolv.cvclic Aromatic Hydrocarbons 

The National Contaminated Sites Remediation Program includes nine specific 
compounds in this group (Table '12). EPA-8270B, discussed above, is the most generally 
applicable method because it covers all of the listed compounds in both solid

I 

(soils/_sedi’ments) and aqueous matrices. SM-64_1OB, discussed above, also covers all of these 
compounds but is more limited in that it uses a packed GC column and only applies to, 

- water samples. Although SM-6410B was developed for industrial wastewater analyses, it will 
be entirely applicable to surface water and groundwater samples from contarninated sites. 

One of the compou_nd_s,‘ naphthalene, may be analyzed using any of the 
' 

following methods also: EPA-524.2,. EPA-502.2, SM-62lOD or EPA-8260. 

Chlorinated Hvdrocarbons 

_ 

The largest group of ‘compounds consists of 47 chlorinated hydrocarbons 
(Table 12). This i-s a diverse group that consists of chlorinated alip'hat‘ics, chlorobenzenes, 
PCBs, and ch-lorinated dioxins and furans. Because of the _diverse nature of these 
compounds,‘ no single method is appl‘ica_ble to all of them, 

EPA-524.2 and EPA-502.2 discussed above, are applicable to many of the 
volatile chlorinated hydrocarbons in water. Likewise, EPA-8240B and EPA-8260 are 

. applicable to many of these same compound_s in water, soils, and sediment samples; EPA- 
827OB is applicable to some, of the less volatile chlorinated hydrocarbons and also the 
selected PCBs (Aroclors 1242-1260) in both aqueous and solid matrices. Also, SM-6410B 
is applicable to the PCBs, 1,2,4-trichlorobenzene, and hexachlorobenzene. However, it 

should be noted that only EPA-524.2 and EPA—502.2 are applicable to cis-»1',2-dic-hloroethene 
so no validated method exists for analysis of this compound in soils and sediments. Also, 
only EPA-8240B is applicable for analysis of "cis- and trans-1,2-dichloropropenei in soils and " 
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sediments; EPA-524.2 and EPA-5.02.2 m_ay be used for water samples but not for soils or 
sediments. 

The chlorinated dioxins" and furans can all be analyzed for in water, soil, and 
' 

‘sediment samples using EPA-8290.; This method uses high resolution capil1ary‘GC columns 
and high resolut-ion mass spectrometry. Thus, it is very sensitive, very selective, very good 
and also more expensive than the other methods. An alternative method EPA-8280 may 
be used. This method uses high» resolution capillary GC columns with low_ resolution ‘mass 
spectrometry so it is less expensive; and, therefore more laboratories may have the required 
instrumentation available. However, one hexachloro-p-dioxin and five of the chlorinated 
furan isomers are notcovered by this method. Therefore, EPA-8280 would have to be 
validated for the analysis of these compounds. 

In addition to the problems mentioned above, there are six chlorinated 

compounds that none of the above methods cover. These are:
l 

0 1,2,5 - trichlorobenzene; 

0 1,3,5 - trichlorobenzene; . 

0_ 1,2,3,-4 - tet'r’a_chlorobenzene; 

0 
‘I 

1,2,3,5 ¥ tetrachlorobenzene; 

0 1,2,4,6 - tetrachlorobenzene; and 
on hexachlorocyclohexane. 

Although not specifically listed, the five chlorinated benzenes come about from
p 

the designations "all trichlorobenzene isomers, all tetrvachlorobenzene isomers, and all 

pentachlorobenzene is‘omers."' There is only one pentachlorobenzene isomer and EPA- 
8270B covers it i_n both liquid and solid matrices. However, the five chlorinated benzene 

' isomers and hexach1orocyclohex»an‘e will have to be ‘deleted from the list of analytes‘ or else" 

they will have to be validated by whatever methods. are used (e.g. EPA-8270B, EPA-524.2, 
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EPA-502.2 and/or SM-6410B). Hexach‘lorocyclohexane has 22 isomers and one of them 
(lindane) is also covered in the pesticide group. Therefore, if coverage of 

. hexachlorocyclohexane can be considered to be acceptable using lindane (the most common 
and commercially used isomer), then a separate listing for hexachlorocyclohexane in this 
group will not be necessary. 

The pesticides'(Table 12) are another diverse group of compounds from a 
molecular, and therefore from an analytical point of view. Five of them may be analyzed 
(in water samples only) using SM—6410B which was discussed above. Nine of the pesticides 
may be analyzed from either water, soil or sediment samples using EPA-8270B. A number 
of the pesticide methods only cover a few pesticides at a time and only in a water matrix 
(e.g-., EPA-505, EPA-S07, EPA-515.1, EPA-531.1, etc.).

‘ 

Miscellaneous Organic Parameters 

This group consists of non-‘chlorinated aliphatics (each), phthalic acid esters 
(each), quinoline and thiophene. The last two are individual compounds. However, there 
are hund_reds of phthalic acid esters and thousands of non—chlorir1_ated aliphatics. 

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

' 

' 

- ' dimethylphthalate; 

°_ diethyl phthalate; 

0 di-n—butyl phthalate; 

0 dign-octyl phthalate; 
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' 

bis(2-ethylhexyl) phthalate; and 

0 ‘n-butyl benzyl phthalater. ~ 

All of these compounds may be analyzed using EPA-8270B with both water, 
soil and sedimentnsarnples or using'SM-V641OB with both surface water and groundwater 
samples. 

The analysis of "non-ch.lorinat_ed aliphatics (each)" is a more difficult problem 
because of the vagueness_of its definition. A clearer definition must be made as to specific 
representative compounds (e.g. pentane, hexane, heptane, octane, etc.), or to a nonspecific _ 

group of compounds such as total petroleum hydrocarbons before analytical methods can 
be recommended. 

Summary 

The recommended methods in this guidance manual should not be viewedas 
rest-r'ic'tive but rather as preferable suggestions in the absence of reasons to perform analyses 
in a different way.‘ Certainly the purpose is to narrow the field of selected methods that 
laboratories use from many‘ to- a few so that the resulting information will be more 
comparable. However, there may be mitigating circumstances which lead a laboratory or 

_ 

T
. 

a project director to select different‘ methods. For example: 

— 0 Exploratory or field screening analyses may be desired which arefaster 
and cheaper than many of the recommended methods in this 

' 

document. These may be appropriate when lower confidence levels in‘ 
the qualitative’. and / or quanti'ta‘ti‘ve data are acceptable for DQOS. 

_ 

0 New advances are being made in the areas of sample preparation and 
' analysis which may be more efficient and cost effective under certain

_ 4 v ' 

cases than those used in the methods rgeferenced here. V -

' 

- 
A 

Microwave extraction techniques are being evaluated for some 
metals analyses and, in _some matrices such as soils and 
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sedviments, may soon ‘be the preferred technique for some 
sample pre‘par'-ations. 

- Mvicroeaxtraction techniques for some hydrophobic organic 
compounds. (especially volatile organics) may sometimes be 
preferable to theconventional purge and trap techniques. 

_Thus, users of this guidance manual should consider the recommended 
methods herein as preferential methods unless there are reasons to use others.» When other 
methods or modifications are used, if 

_ 
both the reasoning’ for a change and a clear 

documentation of the met-hod(-s) used are recorded, then the data produced from that study 
hopefully be able to be cornpared in terms of confidence levels and DQOS to data from 

other studies. 

Summaries of each of the ‘selected methods are described in Volume 2. This 
Volume is available in hard copy format, or on a computer diskette.



' Chapter 5 — Data ‘Management 

Quality Assurance Practices 

Quality assurance practices in Data Management involve a 
_ number of 

systematic processes and protocols that are designed to provide a framework for providing 
quality enviromnental melasurements with a high degree of credibility. In the previous‘ 

chapters, requirements for the collection and analysis of samples from various environmental 
matricesin order to obtain good quality data are discusse_d. When these operations have 
been successfully carried out, then the final step involves the overall management of the 
data. 

From the beginning of the sampling operation to this stage where the collected 
data undergo analysis, evaluation and interpretation, there must be clear and precise 
documentation encompassing QA/‘QC guidelines and principles which cover every aspect 
of data collection? 

An appropriately designed and comprehensive-data quality assurance program 
can assist not only in the evaluation of project-related data, but alsoin the evaluation of the 
projects themselves, such as the National Contaminated Sites Remediation Program. _The 
elements’ of data management "involve the following: 

5 Data Recording and Documentation, which also includes data custody 
and records involving transfer of data; 

-0 ’ Data Validation-, which also includes» completeness and 
representativeness in addition_to its "correctness"; 

‘ 

0 Data Verification, which .includes checking that all the data are present 
and correct; 

0. Data Handling, which also includes data rounding and treatment of 
significant figures; 

0 Data Tra,I1_SI11i_ssion,includi_ng electronic transmission,; and 
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-. Data Evaluation, which includes interpretation, reporting by 
laboratories, and presentation in reports. 

Data Recording a_nd -Documentation 

Data documentation should include the processes used in the calcu—lations and 
computations of the data; corrections required; adjustment. to standard conditions; 
normalization of data; computer programs; statistical procedures used to report data; 
method for evaluating limits of uncertainty; corrections for systematic errors; and the source 
of all constants used in calculations? 

Data in the form of charts, instrument recordings, and printouts should be 
given suitable identification numbers and maintained in a manner consistent with good 
‘record-keeping"practices; Laboratory record books must refer- to the location and 
identification of such records. In addition, all calibrations and sta_ndardiz~at‘ions should be 
fully documented, and the data should provide clear traceability to the 
calibrations/standardizations to which they relate? 

Systematic inspection and periodic review of notebooks and similar primary 
records will ensure‘ the general qual‘i'ty of their contents. Changes or revisions of notebooks 
entries must be justified and docurnented. Any changes should be made by crossing out the 
original entry and substituting the new value. The person making the change should initial 
the entry and state why the change was made. No erasures of records or data should be 
perrn1'tted.3 

Records of equipment maintenance also must be documented-., ‘Routine 
maintenance may be indicated by labels on the equipment. Maintenance which results in 
modification of equipment must be described in .su.fficie_nt detail and recorded in the 
operation manual for the particular equipment. Likewise-, field and laboratory records 
-should be .retained in permanent files and bound notebooks are much preferred to looseleaf- 
type notebooks.’ 
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Collecting supporting information (auxiliary data) during all phases of the 
meas“ure‘men‘t program is an excellent practice because it may become necessary to use this 
information during the data interpretati‘on process. 

The following information may be considered as auxiliary data: 

0 
b 

Data charts and printouts; 
0 Equipment performance records; 
0 

. Calibration records; 
0 Operation logs; 
0 Environmental conditions prior to and during sampling; 
9 Measurement comparison records;

C 

0 Qual‘i'ty control and system audit records; and 
.0 . Records of corrective actions. . 

Auxiliary data should be collect_ed throughout the measurementsprogram and 
reviewed periodically. They are important in determining the validity of the measurement 
program data. For example, auxiliary or support data could be used in deciding whether 
or not an outlier is a valid value or an artifact?‘ Unusual conditions should always be 
recorded on the field data reports.

C 

Data Custody and Transfer 

Data custody and transfer involve _two_ distinct forms today; physical written 
or typed forms that; may carry signatures and be stored in file cabinets, and elect‘ronic7forms 
and data will constitute. elements of database records and computerized files.

I 

The QA objectives for data custody are to ensure that data handling 

operations follow well-organized data management principles and procedures, and that all 
relevant information appears in any files and /or databases that involve QC studies. 
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QA procedures for data custody should include: 

Development of a chain-of-custody system for acquired data, including 
electronicdata communication links; 

_

i 

‘ Use of simple and explicit sample and laboratory tracking forms; 

Implementing a procedure for authorizing changes to QC databases
_ where corrections and data changes are- warranted; and 

Implementing checks to ensure that the QC databases are always 
complete. A

' 

I 

QA procedures for data transfer should include: 
A mechanism and schedule for data transfer in order to ensure that 
the respective formats for data reports and data tapes are suitable; 

Documentation of data transfer proce‘dures and schedules in a QC 
operational manual; ‘ 

Use of data recording forms and good data entry procedures to ensure 
that ‘correct and complete data are recorded andtransrnitted through 
all stages of the QC program; ‘ 

Complete and accurate transfer of data from and through all stages of 
the sampling and analysis QC programs; and 
Establishing procedures and protocols to ensure and facilitate the 
transfer of data including a data traceability mechanism for pinpointing 
the location of any specific piece or" block of data at any given time. 

Additional QC proceduresfor handling electronic transrnission of data are 
discussed later in the section entitled, "Data Handling and Transmission". 

Data Validation 

Data validation is an essential element of data quality assurance. It provides 
A for reviewing a body of data against a set of criteria, so that assurance can be made that the 
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data of interest are adequate for their intended use. The validation process includes not 
only the iden_tification or flagging of questionable data, but also the—i__nvestigat_ion of apparent . 

V 

anomalies. Several of the more important steps for data validation are briefly summarized 
below. These are comprehensively (covered in a recent Environment Canada report.’ 
Validation checks for the data from a contaminated site should include: 

Data identification 

This includesdata entries such as dates of sampling and/or aI.1a1ysi,s, 
location-, laboratory identification, sample code numbers, analytical 
method i'dent‘ifications, etc‘. The latter should also include the 
identification of QC samples that were a_na1yzed'w1'th a set of_ 

enviror.1m.enta,l samples, the presence of method detection limits and 
data uncertaintyiinitervals (+ or ‘-7 values bracketing the analytical data 
values). 

Unusual events 

This ‘includes both sampling information (suc-h as inclement weather, 
oil slicks on the water being sampled, etc.) and analytical information

. 

(such as noting deterioration in GC peak resolution, a dirty ion source 
in the mass spectrometer, et'c.). »

‘ 

'l'ransr,_nittal errors 

For paperwork systems, simple checks should be made to assure that 
the data have not been incorrectly transferred from one paper

A 

(medium) to another. With electronic and computer data handling, 
and with telemetry of data», checks could be made to assure that the 

_ data have not been changed in the transmission or transfer process.-3 

Temporal continuity’ 

This includes checks for cont_inui.ty with respect to time, such as 
looking for breaks, discontinuities or gaps, etc. 
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Flagged or rejected data 

This includes a scheme for flagging questionable data. Thebasis for 
_ 

any data rejection should _be centered around several criteria, which 
include numerical errors, round-off errors, anomalous values, ionic 
imbalances, mass imbalances, etc. 

Checks for errors in automatic data processing 

These include internal, historical, and parallel data consistency checks, 
plus routines that are peculiar to data processing. Processing errors 
are usually caused by_ deficienciesyin the ‘computer programs which 
manipulate the d_ata files, perform mathematical calculations and 
computations, and format the output results. A standard method of 
checking for ‘processing errors is to make up a small but typical data 
set, perform the appropriate data manipulations and calculations by 
hand, and compare these results with the results from.the data 
processing system?

i 

Control charts 

These must be maintained in a real-time mode to the greatest extent 
' 

possible if" they are to be most effective in data validation. This will 
allow responsive corrective actions to be taken as soon as problems are 
detected, and wil_l also provide the possibility for nlinirnlization of 
anomalous data arising fromqout-of-‘control operations.’ 

Sample consistency checks 

These will help to determine the validity of a given sample by‘ 
investigating the relationships between the individual chemical species 
in the sample. They make use of the relationships between measured 
and calculated parameters associat_ed with solution chernis‘t’ry.3- 

Ion balances
/ 

In any given sample, the theoretical sum of the anions must equal that
_ 

of the cations, when both are sirriilarlylexpressed in r_ni_ll_iequivaJents 
per liter. In practice-, however, the sums are seldom equal because of 
variations in analysis. 
concentration increases.’ Another source of error in the ionic balance 
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equation. may arise because only the traditional major ions are 
considered. Unless all ions: are measured (which is rarely done), there 
will be errors in thevaluesgused for comparison. 

Corn leteness and Re reseritativeriess 

. Completeness is also a measure of valid data. It measures the _amount of valid 
data obtained from a measurement system, and is expressed as a plercentage of the number 
of valid measurements that were planned. 

' 

An additional, complimentary measure is 

representativeness of. data. ' Data .representative‘ness compares how closely the measured 
results ‘reflect the actual concentration of analyte distribution in the media sampled. Thus 
a study could have 100% data completeness (all samples planned to be collected were 
actually collected and found to be valid), ‘but..the results do not accurately reflect the analyte 
conc_entration actually present. For example, the method might be biased or the sampling 
points might not be representative of the average distribution in the media.’ 

Data Comparabilig and Compatibilig r 

Data Comparability is based on the measure of confidence with which one 
data set can be compared another while data compatibility among data sets relies on

V 

the likeness and consistency with which thedata sets being_co_rnpared are acquired (similar 
_sampling-, analyses, dataprocedures and treatments‘; similar QA/QC protocols; similar 
reporting data units; etc.). 

Data. Review and Evaluation 

_ 

Review and evaluation of the data is one of the final key activities that are 
imp_on_ant to data validation. Review and evaluation of data should be centered around 
a number ‘of performance indicators such as the accuracyand precision with which the data 
were gathered, and the representativeness, and completeness of the assembled database or 

package. Data review and evaluation operations should be structured to address 
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aspects of accuracy, precision, etc.,‘ and also to link performance indicators to the data 
quality objectives of the project.3 

I 

Data Verific:ati'on 

_ 

Verification controls are required for data oriiginating from sampling, field 
testing and laboratory analysis. Data verificationchecks must be-conducted field and 
laboratory personnel before the data are sent out for storage and ultimately, to data users. 
Any discrepancies or errors found must be corrected prior to storage, and the data must also 
be checked again upon its merger into an existing database. The merging of field data with 
laboratory data provides an additional qualityassurance check. Any mismatch will indicate 
a sample loss or data loss as a result" of shipping or data transmittal ineffic-iencies? 

In selecting laboratories to perform anal'ys‘es, "check to be sure that the 
laboratory data system is designed to incorporate comment codes into the results reported 
for individual analyses. For example, codes must be available to indicate reasons for missing 
parameters (e.g., insufficient sample volume), resul’tsIinvalidated at the laboratory (e.g., 

calibration problerns), missing samples, non-preserved samples, a_nd data reported at the 
detection limit of the analytical system." It is important that numerical values below the 
method detection limit be reported with a flag rather than simply as, "less than the detection 
limit", in order to facilitate data manipulation routines.’ 

When all the laboratory analyses, (physical, chemical, biological, and 
computational) have been completed and the laboratory data have been subjected to data 
validation procedures, further data verification checks should be made before the data leave 
the laboratory. These checks consist of? 

0 Verifying that a result is reported foreach sample; 

0 ‘ Checking for transcription errors by reviewing all transcribed data; 

0 Spot checking the laboratory data printout against original field sheets; 
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0 Ensuring that all laboratory checks of field QA/QC are reported (e_.g.,
, 

shipping temperature, sample volumes, preservation, etc.); and, 

0 Ensuring that any missing or invalid results are ‘explained (i.e., with 
comment codes). ' 

The laboratory also should be responsible for performing a number of‘ QC 
checks on thefield portion of the .monitoring program. These checks consist of? 

0 
' 

Verifying sample labelling and matching field sheets-with samples; 
’ 

0 Ensuring that samples were submitted as recorded in the sample log 
' book (or computer sample registry); monitoring sample shipping (time, 

temperature, mode " of shipping), sample condition (leaks, 
contaminants), and sample volume (independent! ‘measurement of 
sample volume); and, 

' 

«

A 

0 Reporting any other comments that may be important on the Sample . 

Submission Form. ' 

In the final verification step, the technical project director is responsible for . 

reviewing (and editing if necessary) all data connected to a specific project or program 
before those data are released or entered into the final database forisubsequent data 

reporting and analysis. This review should consist of an investigation of all data points that 

were flagged as a result of the gross sample checks, data screening and data validation 

checks, as well as an overall evaluation of the data set. In general, data should be rejected 

only in clear cases of non-representative or contaminated samples. Comparison of the 
suspect data points to related historical data could aid in the acceptance OI_"I'¢jCCIi01'_1 

decision process? 

_ 

, Personnel involved in the verification, evaluation, or validation of data should 

also have the opportunity to enter a set of comment codes (related to the sample validity) 
to the database to reflect the results of both the data validation and data verification 
processes? 
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"Data Handling 

In performing mathematical operations or calculations, the preferred protocol 
is for measured or observed data to be recorded with as many numbers as p:ossible; 

rounding numbers should be deferred until all calculations have been made and their 
statistical significance has been evalu_ated. The number of significant figures is the number 
of digits remaining when the data are so rounded. The last digit, or at most thelast two 
digits, are expected to be the only ones that would be subject‘ to change on further 
experimentation. ‘Thus, fora measured value of 21.5, only the 5, and at most the _1.5, would. 
be expected to be subject to change. Such data would be described as having three 
significant figures. In counting significant figures, any zeros used to locate a. decimal point 
are not considered as significant. Thus, 0.0025 contains only two significant figures. Any 
zeros.to the right of the digits are considered significant; thus-,2 2500 and 2501 each have four 
significant figures. Only those that have significance should be retained. Zeros should not 
be added to the right of significant digits to define the magnitude of a value. unless they are 
significant, since this would confuse the significance of the value. For example, it is not 

_ 

good practice to report a value as 2500 ng, but rather 2.5 pg if the data are reliable to two 
significant figures. The use of expovnential notation, e.g., 3.5 X 10’ is an acceptable way to 
express both the number of "significant figures and the magnitude of a result.” 

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

Since laboratories generate data for their cl'ie"n‘ts (users of the data), they are- 
not the final step‘ in the data use process; therefore, rounding performed by the laboratory 
should attempt to preserve measurement variability. A good rule is for a laboratory to 
retain at least one significant figure beyond that known with reasonable certainty. Also, the. 
laboratory should not attempt to convey measurement uncertainty through use_of significant 
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figures -- this information should be provided in accompanying statements of precision and 
accuracy. The data user provides the final step in presenting and working with data sets so 
this is the point at which rounding of data should occur.‘ 

The following rules for rounding data, consistent with its significance, are‘ 
recommended.” 

0 ’When the digit immediately after the one to be retained is less than 
' 

five, the retained figure :is kept unchanged. For example: 2.541 
, . becomes 2.5 to two significant figures. ' 

o When.the digit immediately after the one to be retained is greater than 
five, the retained figure is increased by one. For example: 2.453 
becomes 25 to two signi‘fi'c'a'n‘t figures. 

0 When the digit immediately after the one to be retained is exactly five 
, and the retained digit is even, it is left unchanged.but when it is exactly 

five and the retained digit is odd the retained digit is increased by one. 
For example: 3.450 becomes 3.4, but 3.550 becomes 3.6 to two 
significant figures. ~ 

0 When two or more figures are to the right of the last figure to be 
retained‘, they are considered‘ as a group in rounding decision. Thus 
in 2.4(501), the group (501) is considered to be greater than 5, while 
for 2.5(499), (499) is considered to be less than 5. ' T

' 

Data, 'I‘ransmi»ssion 

Electronic data handling, data reduction and data storage systems" are 

important parts of many analyticalrv systems. They greatly facilitate data management and 
control of .errors due to misreading, faulty transcription or rniislcalculations. However, the 
performance of the data system in any participating laboratory should be tested regularly 
to ensure that ‘it is working properly and correctly. This should be done periodically by 
using known data that have already been analyzed. 

' 

These testsmust have. sufficient . 

accuracy and precision to provide a reliable examination of the data handling system_.‘‘



The principal result of transmission errors is the loss or alteration of data. A . 

simple way to check for transmission errors is to tran_smit the data a second time, and then 
compare the two da_ta streams. Gapsnand alterations will immediately become apparent, 
unless the transr_ni_ssion error is systematic? However, there is a second type oftransrnission 
error that can only be found by comparing transmitted data to the original data. This 
involves the deletion during transmission of certain non-common alpha-numeric characters

V 

which serve as nota_t_ions and "flags" in data reports.‘ Examples of these symbols include >, 
<3 *3: 9 #1 

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

Data Evaluation for lnter"pretation~ 

The end ofthis long process is the evaluation and interpretation of all the data 
and, finally, presenting it in a cohesive report so that others can not only understand the 
conclusions as stated, but can also make interpretative evaluations of their own. Part of a 
reader’s interpretative evaluation will certainly include: 

0 Alcomparison between the data quality objectives and goals and the 
findings presented; . 

0 An evaluation of the QA/QC‘ data or sur_nrn,ary information with the 
data and supporting information presented; and 

_ 

0 An extrapolation of the information presented to some form which will 
ultimately be useful for their own purposes. 

Bear in mind that few people read technical reports for the fun of it. Invariably, they will 
be searching for one or more parts of it that will be useful in some way to their own 
personal goals. Also bear in mind that people with exactly opposite goals will probably read 
most environrnentally-related technical reports and attempt to find information useful for

V 

their own purposes. Therefore, it is the responsibility of the people who are involved in
J 
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evaluating, interpreting and presenting the information to do so as clearly and 
unambiguously as possible, bearing in mind the constraints of time and reasonable size of" 
reports. Although it is not necessary to exhaustively provide all the data used i.n a report, 
it is very necessary to be thorough in its description and use in drawing the conclusions 
presente:d in a report. If someone needs additional information (such _as portions of the raw 
data or portions of a database) it can be re-questediof the author later. 

Data R_eporting b_y Laboratories 

Laboratory reports must contain sufficient data and information so that users 
of the conclusions (even years later) can understand the interpretations from raw data, 
withouthaving to make their own. Unless this objective is achieved, the samplers and 
analysts have not done their jobs properly. Laboratory reports also must clarify which 
results, if any, have been corrected for blank and recovery measurements. Generally, 

corrections for recovery are not made, but percent recovery should always be reported 
where it is involved. Any other li_m_itations should also be noted.‘ 

_ 

Raw data for each sample-, along with data from reagent. blanks, controls, 
spiked samples, and all other quality control samples, should be suitably identified if 

included in laboratory reports. If average values. are reported, an expression of the 

_ precision, including the number of measurements, must be included. Details of the 

analytical results should be written with the standard deviation and the mean. They should 
"show that the averaging process accounts for sample heterogeneity as well as observed‘ 
irn recision arnoncr re licate measurements of homooenized seam les.‘ D D 

Laboratories generate and perform'QC checks on individual measurements; 
they are reported as individual analytical results and associated QC data- However,-users 
usually compile these i'ndividua_l measurements into sets of data, and reports and conclusions 
are generally made from these sets of data. Therefore, a laboratory is responsible for 

producing individual test measurements with analytical Systems that are in statist-ical control 
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and reporting that data with a staternent; of its u_ncertai,nty _interva_l. This means providing 
appropriate rounded or truncated data that have a specified uncertainty interval (1 or -. 

some percentage). Uncertainty intervals may be quoted for‘ an individual analyte, or more 
often, for a specific method. Laboratories havethe responsibility to provide this information 
with every analytical report.‘ 

The data‘ user should request these uncertainty interv'als from the laboratory 
if they are not. provided, because the responsibility for using and presenting final data 
belongs with the user and not the laboratory, "The user should seek help from the laboratory 
or another source to determine what data to present in a report, but the laboratory is not 
responsible for deciding whether or not to give the user censored reports; the user should 

i 

request censored reports if these are desired.‘ 

4 

Many environmental analytical laboratories today subscribe to the practice of 
not reporting data less than the Method Detection Limit (MDL) or the Limit Of Detection 
(LOD) because data below these levels have very poor stat-istical con_fidence».“° The National 
Water Quality Laboratory (NWQL) takes the opposite position that a laboratory is‘ 

responsible for reporting a_ll detectable analyte concentrations, provided they are well 
defined with appropriate levels of statistic-fial confidence. The NWQL feels that a laboratory 
that takes the initiative tocensor and eliminate a certain amount of detected data, is doing 
an injustice to data users because these data, irrespective of their level of statistical 
confidence, may contain valuable environmental information. This same position is held 
by both the American Society for Testing and Materials” and the .American Chemical 
Society?’ 

There is an active movement to revise the definition of MDL and to change 
the name from Method Detection Limit to Method Detection Level. I‘-‘urthermor_e,~ 

proposed new definitions of a Reliable Detection Level (RDL) and a Reliable Quantitation 
Level (RQL) would directly be derived frornthe Method Detection L_evel. The RDL would «



be equal to twice the Method Detection Level and the RQL would be four times the 
Method Detection Level (i.e., twice the-RDL).

A 

~ The purpose of the proposed RDL is to deal with the statistical probability 
of failing to detect an_ analyte «whensit is present (i.e., having an acceptably small percentage 
of false negatives)._ At the MDL, there is a 50%'cha-nce of a false negative determination 
assuming -a Gaussian _di_stribution_ around an MDL selected at 30 above zero or a blank 
analyte concentration. However, at twice the MDL the probability of "false negatives is 

about equally as low as the risk of false positives at the MDL. This is a much more reliable 
detect-ion level and s.t_atisticians have given it various names in the past. "Reliable Detection 
Level" is recommended as an unambiguous name that is recognizable by non4statisticians 
for this concept by the ACS Subcommittee on Environmental Monitoring and Analysis.‘ 

The current commonly used definition of Method Detection Limit (MDL) is 
the minimum concentration of a substance that can be measured and reported with 99% 
confidence that the analyte concentration is greater than zero.“ As such, it does not take 
into account the situation when there is a statistically sig.nifica_n_t background concentration 
of an analyte. The latter situation is accommodated by the ACS term. “Limit of Detection" 
(LOD) which is the minimum concentration of a substance that can be determined to be 
statistica_lly'different from a blank at a specified level of confidence.“ These two definitions 
._(MDL and LOD) are essentially the same except one (MDL) uses zero as a reference point 
and the other (LOD) uses a background signal as a reference point. The proposed revised 
defi"nit?io‘n is a single definition that accommodates both‘situation_s. 

Another serious problem with the current commonly used definition of MDL 
is that the Method Detection Limit does not take matrix effects into consideration. Yet, 

.most MDl.s are dependent on the sample matrix in addition to‘ the method itself (and 
c.orrespondin“g influences such as instrument and / or operator variability). The result is an 
unrealistic use of MDLs that often causes large analytical and regulatory problems. These 
evolve from published MDLs where the measurements are performed using reagent water



but where regulatory decisions are based on real environmental samples. Because of matrix 
and other effects the MDLs in environment samples are often many times higher than the 
published MDLs (sometimes 10,000 times higher). To accommodate this problem an 
arbitrary set of multiplication factors has- been promulgated for regulators. An MDL when 

‘ 

multiplied by one of these arbitrary factors produces a PQL (Practical Quantitation Limit). 
PQLs have been severely criticized as having very little technical basis for their selection. 
However, PQLs were created to try to accommodate the use of MDLs which were 
incorrectly defined in the first place by omitting matrix effects.

I 

The following proposed draft definition of MDL has attempted to correct each 
of the above ‘deficiencies. The rewording of MDL will: I 

° 
‘ 

A 
re "lace the word "lirnit" with "level;"P 

0 accommodate "either zero or background signals of an analyte as a 
reference point; ’ 

0 reflectstatistically variable confidence levels that may be used asa 
basis for estimating the probability of eliminating false positive 
detections; and ' 

.

- 

0 
i 

take a representative matrix into consideration when making analytical 
measurements. t 

These proposed definitions, if widely adopted by the scientific community, will 
affect the way that laboratories report datafrom future analyses. The proposed definitions 
are provided below. 

METHOD DETECTION LEVEL (MDL) -. The lowest concentration at which 
individual measurement results for a specific analyte are statistically different 
from a blank (that may be zero) with a specified confidence level for a given 
method and representative matrix. ' An infra-laboratory MDL estin_1at_e 

represents the average detection capability of a single laboratory for a specific 
analyte, method and matrix at a given point in time. An inter-laboratory MDL 
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estimate represents the method detection capability, for a specific analyte and 
specific matrix-, determined inmore than one laboratory. 

..RELt.Ai_3_'_L1:"p..§E_frEcTioN LEVEL RDL - For a given MDL, method, and 
representative matrix, a single analysis should consistently detect analytes' 

present at concentrateions equal to or greater than the ‘RDL. When sufficient 
data are available, the RDL is the experimentally determined concentration 
at which false negative and false posi-tive rates are specified. Otherwise, the 

RDL is the ‘concentration which is twice that of the Method Detection Level 
(RDL = 2 x MDL). "The RDL is the recommended "lowest level. for 

qualitative decisions based on ‘individual measurements, and it provides a- 

much lower statis—ti'cal probability of false negative determinations than the 
MDL. l 

‘i 

RELI-ABLE QQUANTITATION LEVEL (Rg QL) - The RQL is the recommended 
lowest level for quantitative decisions based on individual rneasu-remients for 
a given method and representative matrix. - TheiRQL is the concentration 
which is two "times the ‘Reliable Detection Level (RQL = 2 x RDL). This 

recognizes that the RDL estimates produced at different times by different 
operators for different representative matrices will not often exceed the RQL. 

Data Presentation 

Laboratories report data they generate frornanalyses to users. Data users 

interpret these data and present them with _discu__ssion and/or interpretationgin documents, 

reports, summaries, etc. Gu'idel'i'nes for reporting data by ‘laboratories (based on" these 

distinctions) are given in Table 13. In "using the table, rememer’ that the concentration 
levels indicated‘ refer to inte‘r‘pr'etation of single measurements. 

’ Users typically work with 

data setsgcofnposed of several or many such individual measurements.‘
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Table 13. Guidelines for Laboratories Reporting Data 

Zflnalyte Concentration 
T 

Regions of Relative ‘ 

in Units of :7 Reliability Report As 
"Zero" 

_ 

No observed signal ND (MDL = X) 
< 30 - Region ofnghigh uncertainty Y‘ (MDL = X) 

‘ 

(_<‘MDL) - 

5 30 Methodfidetection level Y (MDL = 
(MDL) and above ' 

"Zero" may be a negative value or no discernable detector ‘response. 
Y‘ = Reported sample concent-ration‘. 
X = Calculated MDL ' 

- 
~ '

. " = Data below the MDL should be flagged. The flag notation varies and is not important, 
but the key to all notations must always be included. 

' "The symbols ""1""-' or "t_r" for amounts and the term "trace" and similar 
statements of relative concentration should be avoided because of the relative nature of such 
‘terminology, the confusion surrounding it, and the danger_of its misuse.‘° 

It must be emphasized thatthe MDL. RDL, and RQL are not intrinsic 
constraints of the analytical methodology. They depend upon the precision attainable by 
a specific laboratory, working with a specific matrix, when using that methodology. Thus, 
MDLS, RDLs, and RQLs can be very diverse. Unfortunately, this basic fact generally is not 
considered when evaluating‘ environment_al analytical data. Many users of analytical‘ data 
are unaware of this caveat. Published values of MDl..s' must be‘ considered only typical. 
Each laboratory reporting data must‘ evaluate its own precision and estimate its own MDL, 
RDL, and RQL values for analytes of interest, for each type of matrix it analyzes; A 
common and acceptable alternative, when metho'd-specified limits are available (for example 
with many EPA. methods), is to verify that each instrument can meet or exceed these 
published limits. If a rnnethod has -any possible sensitivity to operator variability, the 
instrument and method verification should be performed by each person who will use it.
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Method sensitivity inthis context is defined as the rate of change" in instrument response to 
the change in analyte concentration (i.e., ‘the slope "of the calibration curve)? 

There are also upper levels of reliable measurements. These vary from 
-method to method and are. a function of a particular instfurnent’s detector response to each 
specific analyte. At high concentration levels (a term that is relative to each analyte and 

detector considered) measurements will become nonlinear with increasing‘ concentration. 
This is called the limit of linearity (LOL) and is usually caused by the analyte chemically or 
physically saturating the detector.‘ 

_ 

The a_nalytica_l c_hemist"is responsible for fully describing and interpreting the 
data and reporting them in an appropriate ma_nner. It must be remembered that all users 
of those data will depend (perhaps years later) on how clearly and thoroughly the data were 
recorded and described.‘ Measurement results also should be expressed so that their 

meaning is not distorted bylthe reporti_ng process-. The public at large is not able to 

’re.co_gni~ze that 10,000 ng/kg and 10 pg/kg are the same. _In general, pg/kg (parts per. 

billion) are commonly employed with most ambient environmental. samples; ngi/kg (parts 
per trillion) are sometimes employed with very low level analytes in potable (drinking) water 

and human samples. Since parts per million, billion, trillion, etc., are less definitive than 

specific units of measurement such as mg/L,p,ug/cm’, ng/kg, etc., the use of these more
i 

specific units for expression of concentration is recomrnended.‘ 

Generally, analytical values from a laboratory should be reported as measured _ 

(uncorrected for recovery) with full and complete supporting data involving recovery 

experiments. If the*measu_.rements are reported as "recovery-corrected," all calculations and 
experimental data should bendocumented so that the original uncorrected values can be 

derived if desired. In carrying out recovery studies, the analystishould recognize thatan ‘ 

analyte added to a blank sample may behave differently (typically, showing higher recovery) 
than -that an_a.lyt,e in a test‘ sample. In such cases, the method of standard addition tends to 

lead to erroneously l_ow_values.‘° 
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Finally, if published rriethoidology‘ is used, it always must be cited. Any » 

rnodificationss, as well as any new methodology techniques, new approaches in making test 
sample measurements, or interpretations of results, must be described in detail, including 
test results and details of their validation.
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AA - atomic absorptionspectrophotometry. 
Accreditation - the formal recognitio_n of the 
competence of an Environmental Analytical 
Laboratory to carry out specified tests. Formal 
recognition is based on an evaluation of laboratory 
capability and performance; ‘site i_nspections -are‘ 
utilized in the evaluation of capability. 

Accuracy - the agreement between the measu_red 
value and the accepted or "true" value. 

Adsorption - the surface retention of solid, liquid or 
gas molecules, atoms or ions‘b_v a solid orliquid 
surface. ‘

T 

Aliquot - a representative sample from a larger 
quantity of sample. A 

Analyte - the specific c_omponent or ‘element 
measured in a chemical analysis. 

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

4 

Analytical Data Set - data from an analytical batch 
which includes environmental test samples and the 
associated QC samples. Anianalytical data set 
stands on its own merits; -if the QC samples are 
unacceptable then all the samples in the analytical 
batch must be reanalyzed. 

Analytical grade - a chemical with a level of purity 
high enough to permit its use in precise analytical 
determinations. ‘ 

Aquifer - a geological formation that contains 
enough saturated permeable material to be capable 
ofyielding significant quantities of wa_ter to wells or 
springs. 

Area Control Sites - background (control) sites that 
are farther away from the test sample sites than 
local control sites. When sampling problems 

preclude talcing background samples from local 
control sites than they should be as close as possible 
to the area where test samples are taken, for 
example, in the same city. 

Arithmetic mean - the sum of observations divided 
by their number; also called ’average’. 

Atomic Absorption Spectrophotometry - an analysis 
technique that uses the absorption spectra of 
isolated atoms to determine elemental 
concentrations. 

Background Samples - matrices minus the analytes 
of interest that are c_arried through all steps of the 
ananlytical procedure. They are used to provide a 
reference for determining whether environmental 
test sample results are significantly higher than 
"unpolluted" samples which contain "zero," low or 
acceptable levels of the analytes of interest. They 
are needed in order to attribute the presence of 
analytes of interest to pollution rather‘ than to a

A 

natural occurrence or" to a previous occurrence of 
the analytes of interest in the environmental matrix. 
All matrices, reagents, glassware, preparations, and 
instrumental analyses are includedin the analysis of 
background samples. 

Bed material - the sediment mixture of which the 
bed of the water bodyis composed. 

Between-day Precis_ion --‘ a measure of variability 
among replicate analyses of a single sample, all 
performed ‘on different days, under identical 
conditions. ' 

Between-Laboratory Precision — the variability 
between results obtained on the same material in 
different laboratories in interlaboratory analyses. 

Bias - a systematic displacement of all the 
observations on a sample from the true or accepted 
value; or a systematic and constant error in test 
result_s.

' 

Biodcgratlzition - the processiof destruction or 
.mineralization of either natural or synthetic 
materials by the microorganisms of soils, waters or 
wastcwater treatment systems.
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Blank - the me.asure.d value obtained when an 
specified component of. a sample is not present, 

‘Blind samples - analysis conducted on speciified 
control samples where the expected values are 
unknown to the analyst. 

Blue ice - a synthetic glycol packaged in plastic bags - 

' "and frozen prior to sampling in order to provide a 
convenient coolant for shipment of environmental 
samples. It is effective for maintaining cold 
temperatures but not for cooling samples from 
ambient temperatures to preservation temperatures. 

Bottom sediment - those sediments which make-up 
the bed of a body of running or still water. 

Calibration - comparison of a measurement 
standard or _instrun’;ent with another sta_nda_rd or 
instrument in order to report or eliminate by 
adjustment, any variation (deviation) in the accuracy 
of the item being compared." 

Calibration cheek - verification of the efficacy of the 
calibration process by analysis of a check sample of 
known composition. Calibration check solut-ionsarie 
made from a stock solution which is different from 
the stock. used to prepare standards. 

Calibration Standards - solutio_ns containing analytes 
ofinterest at known and measurable concentrations. 
Many methods are multipoint calibration where 
standards at 3 to 5 different concentrations are used 
to bracket t_he analyte concentrations in the 
environmental samples. 

Certification - the formal -recognition by "the 

Canadian Association for Environmental Analytical’
V 

Laboratories of the proficiency of an Environmental 
Analytical Laboratory to carry out specified tests. 

Formal recognition is based on a screening of . .
. 

laboratory capability and an evaluation of laboratory 
performance. ' 

C_oe_f_fieient- of Variation (Relative Standard 
Deviations) - a measure of precision that is 

calculated as the standard deviation of a set of 
values divided by the average and usually multiplied ‘ 

_by 100 to be expressed as a percentage=.- 

Collocated samples_- independent samples collected, 
in such. a manner that they are equally represen- 

'J.)

1 

tativeof the var‘iable(s) ofiinterest at a given point 
in ‘space and time. 

Composite sample - a sample obtained by mixing 
severa_l discrete samples, or representative, portions - 

thereof, into one bottle. 

Concentration - ajmeasure of the amount of a 
substance present per unit volume or per unit 
weight of material. « 

I 

Confidence limit (interval) - that range of values, 
calculated from an estimate of the mean and the 
standard deviation, which is expected to include the 
population mean with a stated level of confidence, 
Confidence limits in the sarne"context may also be 
calculated for standard deviations, lines, slopes and 
points-.«

' 

Confirmation - an experimental process to assure 
thatthe analytes in question have been detected and 
measured acceptably and reliably. 

V

’ 

Contamination - a foreign or unwanted material 
which renders a sample unfit for meaningful 
analyses. ~ 

Control Samples - "an environmental sample or 
simulated samples designed to help control the 
analytical process by checking the acceptability of 
some quality characteristic, These are often used 
synonymously with QC check samples. 
Correlation eoeflicient (r) - a measurement used to 
express the degree of association between the 
independent variable and the dependent variable(s). 
The square of the correlation coefficient is called 
the "Coefficient of Determination."

‘ 

Data Audits - randomly selected data sets that are 
checked for accurate and complete performance. 
They are commonly checked for documentation,- 
correct data entry‘, caleul_ations, calibration, data 
transcription, report format, and chain ofcustody. 

Data Quality Objectives (D00) -. those desired 
outcorne$ in which the collected data are 
accompanied with the best achievable and optimum 
‘data quality parameters such as precision, accuracy, 
data completeness and confidence limit values that 
can be e_~x.tracIed from the monitoring sy$te.m_. 

Density - mass per unit volume.
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Depth-‘integrated sample - a sampleqlwhicih 
represents the water-suspended s_ediment mixture 
throughout the water column so that the 
contribution to the sample from each point is 

proportional to the stream velocity at that point. 

Desorption - the release of_ ions, molecules, or 
atoms fromthe surface of a solid. 

Detection limit -’ the smallest concentration of a 
substance which can be reported as present with a 

. specified degree of precision and accuracy by a 
specific analytical method. 

Deterioration - a decline in the quality of a sample 
over a period of time due to improper preservation 
techniques. 

Dispersion - mixing‘ of solutes at the interface 
between two aqueous solutions. 

Duplicate measurement - a second measurement 
made on the same (or identical) sample of material .

' 

to assist in theevaluation of rnca_su_rcn_ie_nt variance. 

Duplicate sample - a second sample randomly 
selected from a population of interest to assist in 
the evaluation of sample variance. 

E_lectrolytic- Conductivity Detector - a very sensitive 
detector thatpcan be made to be selective to either 
halogen—, sulfur-,' or nitrogen-contai_n_ing compounds 
by modifying the detector. It has a good linear 
range, but it is complex, destroys the analytes, and 
may be affected by acids, bases or water in the 
samples analyzed. This detector is also commonly 
called the "Hall detector," _s_o _na_rned after Dr. Randy 
Hall. '

. 

Electron Capture Detector - a very sensitive but 
nonselective detector for pollutants that contain 
‘halogens or some hetero atoms. This detector" is 
not affected by presence of moisture ' and it is 
nondestructive. However, it has a relatively small 
linear range, responses are not usually predictable 
from molecular structure, and a radioactjve'lic_ense 
is required. 

Element - a chemical substance that cannot be 
separated into substances of other kinds. All atoms 
of a chemical element have the same atomic 
number. 
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Environmental Analytical Laboratory - a laboratory 
engaged in the physical, c<_hem,ical or biological 
rneasur‘c'men'ts of either the receiving environment 
or discharges to the receiving environment. 

Environmental Sample - a representative sample‘ of 
any environmental material (aqueous, nonaqueous, 
or multimedia) collected from any source for 
determination of composition or contamination. 

Equipment Blanks - samples of analyte-free media 
that have been used to rinse the sampling 
equipment. They are used to documentadequate 
decontamination of sampling equipment after its 
"use. 

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

Exploratory Samples - initial surveillance samples 
used to d_et_e_rm_ine preliminary information about a 
test site before the main sampling effort is started. 
Often these may be 10 to 15 percent of the total 
samples collected and analyzed.

' 

External Standards - reference material analyzed 
separately‘ from the environmental test samples. 
Usually external standards are analyzed before, 
after, and often in between a set of environmental 
test samples. 

False Negative - a "type 11 error" where the 
incorrect decision is made that an analyte is not 
present (not detected) when, in fact, it is present. 
False positive - see Type I error. 

False Positive - a "type I error" where the incorrect 
decision is made that=an analyte is present (is 
detected) when, in fact, it is n_ot present.

' 

Field Blanks - samplesof analyte-free media similar 
to the sample, matrix that are transferred from one 
vessel to another or exposed to the sampling 
environment at the sampling site. They are used to 
measure incidental or accidental contamination of a 
sample during the whole process (sampling, 
transport, sample preparation, and analysis). 

Flame Ionization Detector - a sensitive general 
purpose detector for most organic compounds. It 
has as excellent 1i.I)ear,range and low‘ maintenance - 

but it. has poor sensitivity for halogenated
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compounds and those that lack hydrocarbon 
characteristics (for example, carbon monoxide, 

A 

carbon dioxide, and phosgene). 

Flame Photometric Detector - a detector t_hat is 

selective and sensitive for compounds containing 
sulfur or phosphorus atoms. However, it has- rather 
poor linearity,.destroys the analytes, and is relatively‘ 
complex to operate and maintain. 

Flow proportional composite .sample -.a sample 
obtained by (1') continuous pumping at a rate 
proportional to the flowi;-v(2) mixing equal volumes 

-of water collected at time intervals which are 
inversely proportional to the volume of flow: (3) 
mixing volumes of water proportional to the flow 
collected during or at regular time intervals. .'l_’his 

sample will indicate a: "flow" average water quality 
condition over the period of_time of compositing. 

Fluvial characteristics — of or pertaining to a 
river(s); existing, growing or living in or about a 
stream of river; produced by the action of a strea_m 
or river. 

Gas chromatography - an analytical technique that 
employs separationof components of a gas phase 
mixture by passing the mixture through a colum_n_. 

Grab sample - a sample taken ata selected location, 
depth andtime. 

_ 

.

' 

Groundwater - all subsurface water that occurs 
beneath the water table in rocks and geologic 
formations, that are fully satu_ra_ted_. 

Heterogeneity — the condition_in which a property of’ 
a material is different at different locations within a 
specified volume of space. 

Homogeneity - the degree to which a property or 
substance is randomly‘ and uniformly distributed 

' throughout a material. 

ICPES or ICP - inductively coupled plasma 
emission spectroscopy. 

_ 

'

. 

Imprecision '- random error in data. 

Inductively Coupled -Plasma Emission 
Spectrometry - a chemical analysis technique that 
uses element-specific atomic line emission spectra 
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produced by a radio-frequency inductively coupled 
plasma to measure elemental concentrations. 

Infiltration - the entry into an aquifer of water 
ava_i_lable at the ground surface. 

- Instrument Blanks - solvent or reagent blanks used 
to measure interference or contamination from an 
a_n_a_lytic'a_l in_s_t_ru_ment by cycling matrices containing 
materials that are normal to the analysis (but minus 
the analytes of interest) through the instrument. 

Inst;ru_me_nt Detection Limit - the smallest analyte 
signal above background noises that an instrument - 

can detect. It does not take into consideiration 
mat-rix.or laboratory blank interferences. 

Interlaboratory Variability - the portion of the total 
imprecision in measurement of data which is 

attributable to between_-laboratory variability. It is 

often quantitated through _ interlaboratory 
- collaborative testing or "round robin“ studies. 

lntraluboratoryiVtariability - that portion of the total 
imprecision in measurement of data which is 

attributable to within-laboratory variability. It is 

"often quantitated by measuring a common sample 
repeatedly. 

Internal Standards - reference material that is added 
to environmental test samples before their 
preparation and analysis. lntemal standards are 
subjected to the .same laboratory procedures and 
conditions as the analytes of interest’ in the samples. 

Judgmental _Sa_mpling - samples collected on the 
basis of prior history, visual assessment or technical 
judgement so that they will provide the best 
probability for meeting a specific objective. 

Kemtnelrer samples - a messenger-operated vertical 
point sampler for water-suspended sediment. 

Laboratory Blanks - analyte-free matrices used to 
measure laboratory sources of contamination (bias) 
in environmental analyses. There are four common 
types of laboratory blanks: solvent blanks, reagent 
blanks». glassware blanks, and instrument (system) 

_ 

blanks. . 

Limit of _Detect_ion - the lowest concentration that 
can be determined to be statistically different. from 
a blank at a specified level of confidence. Usually
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the limit of detection is recommended to 
H 

533 
standard deviations above the average level of a well 
characterized. blank sample. ’ 

Limit of Linearity - the upper concentration level of 
‘ 

reliable measurements of analytes. The LOL is 

usually reached when a detector becomes nonlinear 
with increase amounts of analytes being measured. 

Low Level Bias - systematic error from artifacts or 
low level contamination commonly found in 
environmental samples where analyses are 

~ conducted near detection limits of modern methods. 

Material Blanks - samples of construction materials 
that are exposed to analyte-free water or solvents. 
They are used to document decontamination (or - 

measure" artifacts) from use of these‘ materials in 
wells and other types _of construction where 
envirortm_enta_l samples being gathered can be 
contaminated with artifacts. ’ 

Matrix Effects - systematic errors caused by the 
matrix; these include interferences with the analytes 

' of interest (these may result in false positives or. 
false negatives), incomplete recovery. of analytes 
during sample preparation (these may result in false 
negatives), instability of analytes (these may result 
in false negatives), biased blank correction (these 
may result in false positives or negatives) and 
unrepresentative sampling (these may result in false 
positives or negatives). 

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

MDL - Method‘ Detection Limit‘ or Method 
Detection Level. 

Measurement Quality Objectives - limits for the 
uncertainty of specific measurements. 

Method Detection Level (proposed) '- the lowest 
concentration at which individual measurement 
results for a specific analyte are statistically different 
from a blank (that may be zero) with a specified 

confid_ence level for a given method’ and 
representative matrix. 

Method Validation - an experimental process 
involving external collaboration by other 
laboratories’ _(internal or external to an 

_ 

organization), methods, or reference materials to 
independently verify the suitability of a method. 

Method Verification - an experimental process used 
to decide-whether a method is producing accurate 
and reliable data, It involves internal collaboration" 
by the person or laboratory using a method, It 
essentially means that a method has been used with 
a known sample and has provided data of 

- _a_cceptable quality and quantity. 

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

‘ 

N itrogen / Phosphorus Detector - a detector selective 
a_nd sensitive for compounds containing nitrogen or 
phosphorus. It destroys the analytes and may have 
large analytical va_riat_ions with sensitivity. 

Non—point waste source - a general, unconfined 
waste discharge. 

Normal Level Bias — systematic error measured at 
"normal" working concentrations of analyses with a 
given method; it is usually caused by systematic 
operational errors and/or errors caused by the 
analytical method protocols,» 

Performance Audits - audits that use performance 
evaluation samples to quantitatively measure data 
quality. These may. indirectly evaluate ability to 
meet DQOs by assessing accuracy of data 
measurements. 

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

cpl-I - the negative logo of the hydrogen ion activity 
in solution. Water with pH values between 0 and 7 
is acidic, with pH value of 7 is neutral, and with pH 

' values between 7 and 14 is alkaline.
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Photoionization Detector i- a detector that is 

selective for and very sensitive to aromatic and 
unsaturated organic compounds. It has low 
maintenance, excellent linear range, and does not 
destroy the analytes.‘ However, it responds to a 
relatively lim_i_ted number of compounds and it is 

Jdifficult to predict responses from molecular 
SUUCIUIBS. 

Point wastes source - any discernible, confined and 
discrete conveyance such as any pipe, ditch, channel, 
tunnel or conduit from which ‘pollutants are 
discharged. 

V 

.

— 

Pollution - the condition caused by the presence of 
substances ofsuch character and in such quantities 
that the quality of the environment is _irnpa,ired‘. 

Population - a generic term denoting any finite or 
_infinite_collec_tion of individual things, objects or 
events in the broadest concept. ‘ 

Porous - containing interstices, voids. pores, and 
other openings that mayor may not interconnect. 

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

' 

4 

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

Precision - denotes the agree-merit-between the 
numerical values of two or more measurements on 
the same homogeneous sample made under the 
same conditions. The term is used to describe the 
reproducibility of the measurement or method- It

i 

can be expressed by the standard deviation. 

Preservative - a substance added to the sample in 
order to maintain given cor_nponent(s) in a 
particular state, i.e., to maintain the original 
integrity of the sample. 

Probability - the likelihood of the occurrence of any 
particular form ‘of an event, estimated as the r'atio 
of the number of ways or times that the event may 
occur in that form, to the total number of ways that 
it could occur in any form. 

Procedure — a set of systematic instructions for using 
‘a method of measurement or of sampling or of the 
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steps or operations associated with sampling and 
analyses. 

V 

Protocol - a procedure‘ specified to be used when 
perf_or_mi,ng a measurement or related operations, as 
a condition to obtain results that could be 
acceptable to the specifier. 

_ 

QC .Chec_l_<-Samples -. certified standards, usually 
supplied by a source independent from the 
laboratory that is using them. They consist of a 
blank that has been spiked with the analyte(s) from 
an independent source in order to monitor the 
execution of an analytical method. 

Quality Assurance - relates to a system of activities 
whose purpose is to provide the producer or user of 
a "product (e.g., data) or a service, the assurance 
that the product (service) meets defined standards 
of quality. It consists of two separate but related 
activities, quality control and quality assessment- 
The quality assurance process includes 
do,cur,nentation of procedures, identification of 
critical points within the data collection a_c_tivities 

which require monitoring by quality control 
procedures, the level of quality achieved, problems 
encountered. and corrective actions undert_alten;. 

Quality Assessment - the overall system of activities 
whose purpose is to provide assurance that the 
qual_ity cont_rol activities are being ‘carried out 
effectively. It involves a continuing evaluation of 
performance of the datavproducing systems and the 
quality of the data produced.

' 

Quality Control - the overall system of activities 
whose purpose is to control the quality of a product 
('e.g., data) or service so that it meets the needs of 
users. 

, 

The aim is to provide quality that is 

satisfactory, adequate, dependable, and economic. 

Random error - errors du_e to chance or uncontrol- 
lable situations- Examples are variation in reagent 
addition, .instr’timent t response, and inadvertent 
contamination of samples. 

Random sample ,- a sample selected from a 
- population. using a randomization process. 

Random sampling - selecting a sample from a 
population in such a mannerthat e_ach sample has 
an equal chance of being selected. 

1

,

.



Range - the difference between the lowest and 
highest "values in a set of data. 

RDL - Reliable Detection Level 
Reagent" Blank - aliquots of the analyte-free 
reagents used to prepare test samples. 

Recovery - a measure of the amount of an analyte 
of interest that has been added to an environmental 
test sample and-, after sample preparation, then 
analyzed._ Recovery is usually expressed in" terms of 
‘percent. . Recovery is inlluenced by: the analyte’s 
concentration, sample matrix, and time of sample 
storage before analysis. ‘ 

Reference material (RM) - a material or substance 
possessing one or more properties which are 
sufficiently well established to be used for the 
calibration of an apparatus or the assessment of a 
measurement method, or for the assignment of 
values to materials. 

Region of‘ Certain Detection - the region abovethe 
Reliable Detection Level. ‘ 

Region of Certain Quantitation - the region from 
the Reliable Quantitation Level to the limit of 
linearity of a detector. - 

Region of High Uncertainty - the region from zero 
or the average well characterized signal from a ‘ 

matrix or method blank to the Method Detection ‘ 

Level. 

Region of Less Certain Detection ~ the region 
between the Method Detection Level and the 
Reliable Detection Level. 

Region of Less Certain Quantitation - the region 
between the Reliable Quantitation Level and the 
Reliable Detection Level. 

Relative Standard Deviation - a value obtained by 
multiplying the coefficient of variation times 100%. 

Reliable Detection Level (Proposed) - when 
sufficient data are available, the RDL is the 
experimentally determined concentration at which 
false negative and false positive rates are specified. 
Otherwise, the RDL is the concentration which is 
twice that of the Method Detection Level (RDL - 2 
x MDL). The RDL is the recommended lowest 

144 

level for qualitative decisions based on individual 
measurements, and it provides a much lower 
stat_i:stica_l4 probability of "false. negative 
determinations than the MDL. 
Reliable Quantitation Level (proposed) - the ROL 
is the concentration which is two times the Reliable 
De_tect_ion'Level (‘ROL = 2 x RDL). The ROL is 
the recommended lowest level for quantitative 
decisions based on individual measurements for a 
given method and representative matrix. 

Repeatability - the precision, usually expressed as a 
standard d_cviation, that measures the variability 
among results of measurements at different times 
on the same sample at the same laboratory. 

Replicate analyses - identical analyses carried ou_t 
on the same sample multiple times. They measure 
only within-laboratory precision. 

Replicate samples t- samples that are identical, or 
very similar, which are collected and analyzed 
exactly the same way.» Often, replicate samples are 
‘prepared by dividing. a, sample into two or n:o_re 
separate aliquots. Duplicate samples are considered 
to be two replicates, triplicate samples are three 
replicates, etc. Replicate samples are used to 
measure the overall precision of the sampling and 
analytical methods used. 

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

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

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

Residue - material that remains after gases, liquids 
and — some solids have been removed, usually by 
heating up the sample at a specified temperature for 
a s’pec»ifi_ed period of time.



RQL - Reliable Quantitation Level 
Safety - a duality of being devoid of whatever 
exposes one to danger or ha_r-‘m;- freedom from 
danger or hazards. 

Sediment - soil fragmental ‘material that origin_a_tes 
from weathering of rocks and is transported or 
deposited by air, water or ice, or that accumulates 
by other processes, suchas chemical precipitation 
from solution or secret_ion by organisrms. The term 
is usually applied to material hel_d in suspension in 
water or recently deposited from suspension and to 
all kinds of deposits, essentially of unconsolidated 
materials. V 

~
- 

Sediment sample - a «quantity of waterssediment 
mixture or depos_ited sedimen_t collected to 
characterize its properties. '

‘ 

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

Sequential composite sample - asample obtained 
either by continuous, co_nstant pumping of water or , 

by mi'xir‘ig- equal volumes of water c'ol_lected at 
regular time intervals. This sample will indicate an 
average water quality condition over the period of 
time of compositing. 

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

Species? a chemical entity such as an ion, a 
molecule, an atom, or an uncharged ion pair. 

Specific Gravity - the ratio of the density of a‘ 
material to the density of water at a stated 
temperature. 

Spectropho_tome'try - a chemical analysis technique 
that involves measuring the relative intensit‘i‘es of 
light within narrowly defined wavelength bands. 

Spiked_Field Blanks - field blanks fortified with 
known amounts of" the analytes of interest. They 
are used to estimate bias that both sampling and the 
sample matrix may introduce. The most common 
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bias caused by the samplematrix is incomplete 
recovery of analytes of interest during sample 
preparation. ‘ 

Spiked Laboratory Blanks - laboratory blanks 
fortified with known amounts of the analytes of 
interest. They are used to estimate bias from all 
laboratory sources including glassware, solvents, 
reagents. calib'ra‘tio'n standards,"instruments, etc. 

Spiked Test Samples 7 fortified test samplesused to 
measure effects that the sample matrix may have on 

' 

the atnalytical r'n_et_hods (usually analyte recovery). 

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

' 

Standard - A substance or material, the properties 
of which are’ believed to be known with sufficient 
accuracy to permit its use to evaluate the same 
property of another. In chemical measurements, it 

often ‘describes a solution or substance, commonly 
prepared by the analyst, to estjablish a calibration 
curve, or the analytical response function of the 
instrument.

' 

Standard addition - a procedure where different 
known amounts of analytes are added to an 
environmental test samples after it has been first 
analyzed without such’ addition. Reanalysis of the 
test sample is conducted after one ormore standard 
additions are performed.

i 

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

Standard deviation - a measurement of the 
dispersion or spread of data points around the mean 

. value of the data set obtained by repetitive testing 
of a homogeneous sample under specified’ 
conditions. ‘It is calculated from the square root of 
the variance o_f_'a_ set of values. 

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

5l.aListical control - when the variability of a 
measurement s,vstc,m is due only to chance causes.



Statistics '- the process of collecting numerical 
information (data), analyzing it, and making 
meaningful decisions based on the results of those 
analyses. 

Sub-sample - a portion taken from a sample. A 
laboratory sample may be a sub—sample of a gross 
sample; similarly, a test portion may be a sub- 
sample of a laboratory sample. 

Surface water - natural water bodies, such as rivers,
‘ 

streams, brooks and lakes as well as artificial water 
courses, such as irr_igation,industrial and navigational 
canals in direct contact with the atmosphere. 

. Surrogate - organic compounds which are si_milar to 
analytes of interest in chemical composition; 
extraction, and/or chromatography properties, but 
which are not normally found in environmental 
samples. These compounds are spiked into all 

blanks, standards, samples and spiked samples prior 
to analysis. Percent recoveries are calculated for 
each surrogate. 

Suspended sediment -T those constituents of an 
unacidified water sample that are retained by a 0.45 pm membrane filter. It can impart a cloudy 
‘appearance to a sample. 

System Audits - qualitative reviews to assess 
whether allprescribed methods and procedures in 
sampling and analysis plans are being used_ 
appropriately and as planned. 

Systematic errors - errors which can,» at least in 
principle, be ascribed to definite causes and which 
contribute a constant error or bias to results. 

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

1 

'
- 

Technique - a physical or chemical principle utilized 
separately or in combination with other techniques 
to determine the composition (analysis) of 
materials. ’ 

Teflon® - a man-made plasticmaterial inert to all 
chemical reagents except molten alkali metals. It is 

use for laboratory and field equipment. 

146 ' 

Traceability’ — the ability to trace th_e source of 
uncertainty of a m_easurement or a measured value 
or of a source of an analytical standard. 

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

‘ 

Type 1 Error - rejecting a true or- null hypothesis in 
favour of the alternative hypothesis. This is also 
called alpha (a) error or false positive. 

Type 11 Error - Failure to. reject the null hypothesis 
in favour of t_he alternative hypothesis. This is also 
called beta ([5) error or false negative.

‘ 

uv — ultraviolet. 
Uncertainty - the range of values within which the 
true value is estimated to lie. It is a best estimate 
of possible inaccuracy due to both random and 
systematic errors. - 

. 

- ‘

' 

Validation - the process by which a sample, 
measurement method, or a piece of data is deemed 
to be useful for a specified purpose. 

Van. Dorn sampler - a messenger-operated water- 
suspended sediment point sampler used to collect 
safllples at a specified depth. The long axis of the 
cylinder can be lowered either horizontally or 
vertically. 

Variance -.standard deviation squared. Variance is 
useful in estimating sampling imprecision; a 
numerical estimate of sampling imprecision is 
obtained by subtracting Variance of the 
measurements from laboratory .sources from 
variance of the measurements from overall sources 
(both sampling and analytical co'mponent_s). 

VOA - volatile organic analysis (or analyzer or 
analyte). 

VOC - volatile organic corfnpound. 
Volatile constituents - components of a sample 
which are readily lost by evaporation. They include 
dissolved gases as well as substances with low 
boiling points.
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Water quality criteria - scientific information, e.g., 

concentration-effect data, used to recommend w’ate"r 
quality objectives.

' 

Within Day Precision - a measure of variability 
‘among replicate analyses of a single sample" (or 
.‘multiple similar samples) all perfo'r'i'ned on the same 
day, under identical condi_tion_s. 

Laboratory Precision - the variability 
between repl_icate 're_su_l_t,s obtained on the same 
material within a single laboratory (intralaborato_r_v 
analyses). It is sometimes also referred to as 
’repeat_ability.’ 

’
’ 

Working Standards '- those prepared by the 
laboratory analyst for daily or frequent use. They- 
are usually calibrated against certified laboratory 
QC check standards. 
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Unpublished Analytical Methods — 

L 

The references in this Appendix are a list of unpublished methods used by various 
federal, provincial and commercial laboratories- 

Environment Canada Conservation and _Protection. 1991. Chlorinated Phenols. Gas 
Chromatographic - Dijazomethane Derivative. Laboratories Pacific & Yukon Region. 

-Environment Canada Conservation and Protection. 1990. Substituted Phenols. Gas 
Chromatographic/Mass Spectrometric. Laboratories Pacific & Yukon ‘Region. 
Environment Canada Conservation and Protection. 1990. Po‘lyc'hlor-inated Biphenyls. Gas 

’ Chromatographic. Laboratories Pacific &yYukon Region. 
' Environment’ Canada Conservation and Protection. 1988. Fluoride. Specific Ion Electrode 

' 

- Combined. Laboratories Pacific & Yukon Region. 
Environment Canada Conservation and Protection. 1990. _'Metals in Sediment. 
Laboratories Pacific &vYukon Region. ' 

-Environment Canada Conservation and Protection_. 1984. Cyanide. Tetracyanonickelate 
(II) - UV - Color'irnetr'ic. Laboratories Pacific & Yukon Region. . 

Environment Canada Con_servat_ion and Protection. 1988. pH. V_ersion.1.1. Laboratories 
Pacific. & Yukon Region. . 

Environment Canada Conservation and Protection. 1990. Conductivity. Version 2.0. 
Laboratories Pacific & Yukon Region. 
Environment -Canada Conservation and Protection. 1987. Mercury in Water. Version 2.0. 
Laboratories Pacific & Yukon Region. 
Environment Canada Conservation and Protection. 1990. Metals in Water. Laboratories 
Pacific & Yukon Region. 

V 

-

- 

'Wastewater Technology Centre. 1989. The Determination of Organophosphorus Pesticides 
(OP) in Drinking Water by GC-AFID. Ontario Ministry of Environment. 

A 

Wastewater Technology Ce_nt_re.— 1.989. The Determination of Organochlorine Pesticides 
(OC) and Polychlorinated Biphenyls (PCB) in Water by GC-ECD/MSD. Ontario Ministry 
of Environment. 

. 

- 

’
‘ 
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Wastevvater Technology Centre. 1990. The Determination of Polychlorinated Biphenyls 
(PCB), Or'g'anoch_lorines (OC), a_nd Chlorobenzenes (CB), in Soils and Sediments by GLC- 
ECD. Ontario Ministry of Environment. - 

A 

' 

’ 

_ 

'

- 

Wastewater" Technology Centre. .1989. The Determination of CDD and CDF in Ground 
Water and Aqueous Effluents by GC-MS. -Ontario_Ministry of Envi_ronment_. 

Was-tewater Technology Centre. 1989. The Determination of CDD and CDF in Drinking 
Water by GC-MS. Ontario Ministry of Environment.

, 

Wastewater Technology Centre. 1989. The Determination of 2,3,7,8-TCDD in 
Groundwater and Aque0L_1s_Effl'uents by GC-MS. Ontario .M'ini's“try of Environment. 

Wastewater Technology Centre. 1989. The Determination of PCDD and SPCDF in Drinking 
« Water, Effluents, Incineration Fly Ash, Biological Samples, Soil and Sediments by HRGC- HRMS. Ontario Minist_ry of Environment. 

’Wastewater Technology Centre. 1989;. The Determination of Purgeable Organic 
.Cornpo'und,s in Potable and Surface Waters by GC—FID and ECD. Ontario Ministry of 
Env'i_ronme'nt. 

Wastewater Technology Centre. 1990. The Determination of Volatile Organohalides and 
Hydrocarbons in Sediments, Sludges and Kiln Dust by Headspace Capillary GC. Ontario 
Minis-try‘ of Environment. 

A_

- 

Wastewater Technology Centre. 1989. The Determination of Polynuclear Aromatic. 
Hydrocarbons in Surface Water, Drinking Water and Ground Water by HPLC. Ontario 
Ministry of Envi_ron,ment. 

Wastewater Technology Centre. .1990. The Determination of Chlorophenols (CP) and 
Phenoxyacid Herbicides. (PA) in Soils and Sediments by GC-ECD. Ontario Ministry of 
Environment, 

Wastewater Technology Centre. 1990. The "Determination of Chlorophenols and 
Phenoxyacid Herbicides in Water by Using Solid Phase Extraction and GC-ECD. Ontario 
Ministry of Environment. 

Wastewater Technology Centre. 1989. The lDete_rmi.nati.on of Ext-ractable Organics in 
Water, Aqueous Efflueent, Sediment and Soil by GC/MS-. Ontario Ministry of Environment. 

Wastewater Techiinology Centre. 1989. The Determination of Conductivity, pH, and 
Alkalinity in Water and Effluents. Ont-ario Ministry Of Environment. 

Wastewater Technology Centre’. 1989. The Determination of Conductivity in Soils and 
Sediments by Conductance Meter.’ Ontario Ministry of Environment. 
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Wastewater Technology Centre. 1989. The Determination of pH in. Soil and Sediment by 
Potentiometry. Ontario Ministry of Environment. ' 

Wastewater Technology Centre. 1990. The Determination of Free Cyanide in Aqueous 
Samples by Colourimetry. Ontario Ministry of Environment. ' 

Wastewater Technology Centre. 1990, The Determination of Total Cyanide in Solid
9 

Samples by Colourimetry; Ontario Ministry of Environment. 

Wastewater Technology Centre, 1990. The Determination of Free Cyanide in Solid 
Samples by Colourimetry. Ontario Ministry of Environment. 9 

Wastewater Technology Centre. 1990. The Deterrm'n_ation of Total Cyanide in Aqueous 
Samples by Colourimetry. Ontario Ministry of Environment. ’

— 

Wastewater Technology Centre. 1989. The Determination of’ Trace Metals in Potable 
Waters by ICP-MS. Ontario Ministry of Environment. v 

Wastewater Technology Centre. 1989._ The Determination of Mercury in Water by AAS. 
Ontario Ministry of Environment. '

V 

Wastewater Technology Centre. -1988. The Determination of Hexavalent Chromium in 
_ Waters, Landfill Leachates and Effluents by Colourimetry. Ontario Ministry of 
Environment. 

Wastewater Technology Centre. 1988. The Determination of Arsenic, Selenium and 
Antimony in Water by HYD-FAAS. Ontario Ministry of Environment. 

Wastewater Technology Centre.‘ 1988.. The Determination of Boron inWater by ICP-OES. 
Ontario Ministry of Environment. 

Wastewater Technology ‘Centre. 1989. The Determination of Trace Metals in Surface 
Waters by ICP AES. Ontario Ministry of Environment...

_ 

Wastewater Technology Centre. 1989. The Determination of Silver in Water by‘AAS. 
Ontario Ministry of ‘Environment. .

_ 

Wastewater Technology Centre. 1989. The Determination of Fluoride in Water, Leachates, 
Effluents by_Colourimetry. Ontario Ministry of Environment. ‘ 

Wastewater Technology Centre. ' 1989. The Determination of Heavy. Metals in Soils by AAS. Ontario Ministry of Environment. 

Wastewater_Technology Centre. 1991. The'Determination of Trace Metals in Soil by 
Sequenti.a1‘ICP=AE-S. Ontario Ministry of Environment. ’ 
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Wastewater Technology Centre. 1989. The Determination of Fluoride in Soil, Sediments 
_ 

and Mossbag Samples by Ion Selective Electrode (I.S.E.). Ontario Ministry of Environment. 

Wastewater Technology Centre. 1989. The Determination of Trace Metals in Soil by ICP- 
Ontario Ministryiof Environment. — 

Wastewater Technology Centre. 1989; The Determination of Mercury in Soils, Sediments 
and Vegetation by AAS. Ontario Ministry of Environment. . 

Wastewater Technology Centre. 1990. The Determination of Arsenic, Selenium and 
— Antimony in Vegetation, Soils and Sediments by HYD-FAS. Ontario Ministry of 
‘Environment. 

Wastewater Technology Centre. 1989. The Determination of Heavy Metals in Sediments 
by AAS. Ontario Ministry‘ of Environment. ‘ 

‘

- 

Wastewater Technology Centre.‘ 1989. The Determination of Trace Metals in Sediments * 

by ICP-AES. Ontario Ministry of Environment. 

‘Ministere de l’Environrnent. 1989. Eaux « Determination des Byphenyles Polychlores. 
Extraction avec de l’HeXane eat Purification avec Florisil. Dosage par Chromatographic en 
Phase Gazeuse. Gouvernment du Quebec.‘ '

‘ 

Ministere’ de l’Environment. 1988. Eaux - Determination des Cyanures Totaux. Methode 
Colorifnetrique Automatisee avec La Pyridene et l’Acide Barbitureque._ Gouvernment du 
Quebec. ' 1 

Ministere de l’Environment. .1989. Eaux - Determination du Diouat et du paraquat. 
Extract-ion et Purification avec C-18 Dosage par Ch_ro_r_natograph'ic en Phase Liquide. 
Gouvernment du Quebec. 

Ministere de.l’Environrnent. 1987. E-aux - Determination des I-"-luorureisf Methode 
Colorimetrique Automatisee A l’Alizarin. Gouvernment du Quebec. '

' 

Ministere d_e l’Environment;. 1990. Eaux - Dyetetrmination des Hydrocarbures Aromatiques 
Polycycliques. Extraction et Purification avec C-18 et Si. Dosage par Chromatographic en 
Phase Liquide. Gouvernment du Quebec. '

1 

Ministere des 1’Environment. 1989. Eaux - Determination des Pesticides de Type 
Carbomates. Dosage par Chromatogra-phic en Phase Liqu-ide avec Derivation Post-Colonne. 
Gouverr1rnent,du Quebec. 

A 

V

' 

Ministere de l"E7_nv_ironment».i 1989. Eaux -- Determination des Pesticides de Type 
Carbamates; Extraction let Purification avec C-18. Dosage par" Chromatographic en Phase 
Liquide avec Deri-vation Post-Colonne. Gouvernment du Quebec. 
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Mi-nistere de l’Environment. 1989." Eaux -‘WD“ete’rmi*nation de Pesticides de Type 
. Organochlores. Extraction avec de l"Hexa-ne et Purification avec Fluorisil. Gouvemment 
du Quebec. 

_

‘ 

*Ministere de l’Env_ironment. 1989. Eaux - Determination des Pesticides Euivants: Deethyle 
Atrazine, Deethyl Simazine, Atrazine, Simazine, Fonofos, Dimethoate et Carbofu-ran. 
Extraction avec C-18. Dosage par Chromatographic en Phase Gazeuse.. Gouvernment du 
‘Quebec. ’ 

Ministere de l’Envji'ronment. 1.989. Eaux - Determination des Pesticides Suivants: 
Azinophos-.Methyl, Carbaryl, Carbofuran, Chlorothalonil, Chlorpyrifos, Chloroxuron, 
Cyanazine, Diazinon, Fenithrothion, Linuron, Malathion, Methyl-Parathion, Metribuzine, 
Parathion, Phosalone, Phosmet et Tebuthiuron. Extraction Liquide-Solide. Dosage Par 
Chromatogrpahic en Phase Gazeuse. Gouvernment du Quebec. 

Ministere die. l’Environment. 1987. Eaux - Determination du pH. Methode 
Electrometrique. Gouvernmentdu Quebec. ' 

Minis-tere de 1’I_-Znvironment. 1987. Eaux — Determination du pH. Methode 
Electromet_rique Automatisee. Gouvernment du Quebec. 

Ministere de l’Environment. 1988. Eaux 4 Determination des Cyanures Disponiblesn. 
Methode Colorimetrique Automatisse avec La Pyridine et l’Acide Barbiturique. Distilnlation 
Manuelle. Gouvernment du Quebec. 

Ministere de l’Environme_rit. 1988.. Eaux - Determination des Cyanures Totaux. Methode 
.Colo_rimetrique Automatisee avec La Pyridine et l’Acid Barbit'ur'ique. Distillation Manuelle. 
Gouvernment du Quebec. 

Ministere de l’Environment. 1990. Eaux - Determination des Fluorures. Methode. 
Electrometrique. Gouvernment du Quebec. 

Ministere de -1’I?-Environment. 1990. Eaux - Determination de 1’Arsenic. Methode 
. Automatisee par Spectrophotometric. d’Absorption Atomique. Gouvernment du Quebec. 

Ministere de 1.’Environrnent. 1989. Eaux ~ Determination du Mercure. Methode par 
Spectrophotometric d’Absorp‘tion Atomique. Generation de Vapour. Gouvernment du 
Quebec. ' 

Ministere de 1’Environment. 1989. Eaux - Determination des Metaux Extractibles. Methode par Spectrophotometric d’Emission Au Plasma d’Argon. Gouvemment du Quebec. -

'

-



Ministere de_ l"Environment. 1990.. Eaux - Determination du Selenium. Methode 
-Automatisce par Spectrophotometric d’Absorption Atomique. Apres Digestion et 
Generation d’Hydrues_. 

4 

Gouvernment du Quebec. 

Ministere de1’Environment. 1990. Eaux - Determination des Hydrocarbures Aromatiques. 
Polycyc_1._iques. Ex-tract-io_n et Purification avec C-18 et Si. Dosage par Chromatographic en 
Phase Liquide., Gouvernment du Quebec. 

,

- 

Ministere de 1’Environment. 1989. Eaux -« Determination’ des Pesticides de Type 
Carbarnates. Extraction et Purification avec C-18. -Dosage par Ch-romatographic-_ en Phase 
Liquide avec Derivation Post-Colonne. Gouvernment du Quebec. '

» 

Ministere de l’Environ_men_t. 1989. Sediments - .Dete_rrnination des Biphenyles Polyichlores. 
Extraction Liquide-Solide et Pur'ifi’cat‘ion avec C-18, Si, Cu. Dosage par Chromatographic 
en Phase Gaieuse. Gouvernment du Quebec. 

‘ Ministere de 11’Enviironment. 1990. Sediments - Deterrninvatioln d_es Hydrocarbures 
Arornatiques Polycycliques. Extraction et Purification avec 018' et Si. Dosagepar 
Chromatographic en Phase Liquide. Gouvernrnent du Quebec. 

Minisitere dei1’Environment. 1990. Sols - Determination de l’Arse_nic. Methode 
Automatisee par Spectrophotometric d’Absorption Atornique. Gouvernrnent du Quebec. 

Ministere de‘1’Env‘ironment. 1989. S015 - Determination des Biphenyles Polychlores. 
Extraction avec de l’Hexane et Purification avec Florisil. Dosage par Chromatographic en 
Phase Gazeuse. Gouvernment du Quebec.‘ 

Ministere de 1’Environment’._g 1989. S015 - Determination des’ Biphenyles Polychlores. 
Extraction Liquide-Solide et Pu_rific_ation avec C-18, Si, Cu. Dosage par Chromatographic 
en Phase Gazeuse. Gouvernment du Quebec. '

- 

Ministere de 1’Environment. 1990. S015 - Determination'.des Hydrocarbu-res Aromatiques 
Polycycliques. Extraction et Purification avec‘ C-18 et Si. Dosage par Chromatographic en 
Phase Liquide. Gouvernrnent du‘ Quebec. 

Ministere de l.’Env‘ironment. 1990. S015 - Determination des Metaux. Methode Par 
Spectrometric d’Em_issino Au_ Plasma d’Argon, Met. 1.;_2. Gouvernment du Quebec. ._ 

Ministere die,.l.’Environr‘nent. 1990.. Sols‘- Determination des Metaux. Methods Par 
Spectrometric d’Em_iss_ion Au Plasma d’Argon, Met. 1.3. Gouvernment du ‘Quebec. 

“Ministere de l’Envir0nrnent. 1989. 
b 

- Determinat-ion de_VPesticides de Type 
- Organo.chlor‘es. Extraction avec de l’Hexa_ne et Purification avec Florisil. Dosage par 
Chromatographic en Phase Gazeuse. Gouvernment du Quebec.‘ V 

. 154



Ministere de l’Environment. 1990." Sols - Determination du Selenium. Methode 
Automati-see par Spectrophotometric d’Absorption Atomique. Gouvernment du Quebec. 

Ministere de l’Environrnent du Quebec. 1990. Guide Methodes de Conservation et 
d’Analyses des Enchantillons d’E-au et de Sol. Direction des Laboratories. 

Novak, N. 1990. gOpt-imization of Organic Contaminant and ToxicityiTestin'g Analytical 
Procedures for Estimating the Characteristics and Environmental Significance of Natural 
Gas Processing Plant Waste Sludges. Canadian Petroleum Assoc’iat‘ion. 

Environment Canada. 1992. Gas Plant Sludge Characterization Study. Summary and 
Presentation of Characterization Protocol. Canadian Petroleum Association-. 

Monenco Consultants. 1985. Information Review and Development of a Methodology for 
Determining the Charact_eri_stics and Environmental Significance of Natural Gas Processing 
Plant Waste Sludges, Conservation and Protection. Environment Canada. Ottawa, Ontario. 

Enviro-Test. 1992. Analysis of Volatile Organics for Low Detection Limits of Landfill 
Prohibition by Headspace Using GC/MSD in Scan Mode-. Edmonton, Alberta. 

Enviro:-Tes—t. 1992. Analyses of Volatile Organics for Landfill Proh_ibition by Headspace 
Using GC/MSD i_n Scan Mode. Edmonton, Alberta. ’ 

155



MWJIWB ‘I lllfifflwf” 

.,, 

..am..t..‘

A 3. m.

A


