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Multiply By To obtain
inch (in) 254 millimeter
inch (in) 0.254 micrometer
foot (ft) 0.3048 meter
square foot (ftz) 0.09290 square meter
mile (mi) 10.609 kilometer
pint, U.S. 0.4732 liter
quart, U.S. (qt) 0.9464 liter
gallon, U.S. (gal.) 3.7854 liter
foot per second (ft/s) 0.3048 meter per second
square mile (miz) 2.590 square kilometer
gallon per minute (gal/min) 3.785 liter per minute

million gallons per day (Mgal/d) 3,785 cubic meter per day

Temperature: Temperature is given in degrees Celsius (°C), which can be converted to degrees
Fahrenheit (°F) by use of the following equation:

°F=1.8(°C) + 32

Vertical datum: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)—a geodetic datum derived from a general adjustment of the first-order level nets
of both the United States and Canada, formerly called Sea Level Datum of 1929.

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature

are given in metric units. Chemical concentration is given in milligrams per liter (mg/L) or micrograms per liter
(mg/L). Milligrams per liter is a unit expressing the concentration of chemical constituents as weight
(milligrams) of chemical per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one
milligram per liter.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius

(uS/cm). This unit is equivalent to micromhos per centimeter at 25 degrees Celsius (mmho/cm),

formerly used by the U.S. Geological Survey. '
Other abbreviated metric units used in this report are the following:

g gram

L liter

mL milliliter
mL/

min  milliliter per minute

Contents \)



Concentrations of bacteria are given in colonies per 100 milliliters (col/100 mL) which is the same
as colony forming units per 100 milliliters (CFU/100 mL)

Other abbreviations used in this report:

AAS
ANC
APHA
ASR
ASTM
BOG
BQS
BU
DEM
DLG
DNR
DO
DOD
DODEC
DQO
E. coli
EDI
EDTA
EIA
EROS

EWI

EPA
GC

GC/MS
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Quality-Assurance/Quality-Control Manual for Collection and
Analysis of Water-Quality Data in the Ohio District, U.S.

Geological Survey
by D. S. Francy, A. L. Jones, D. N. Myers, G. L. Rowe Michael Eberle, and K. M. Sarver

1.0 Abstract

The U.S. Geological Survey (USGS), Water Resources Division (WRD), requires that quality-
assurance/quality-control (QA/QC) activities be included in any sampling and analysis program.
Operational QA/QC procedures address local needs while incorporating national policies. Therefore,
specific technical policies were established for all activities associated with water-quality projects being
done by the Ohio District. The policies described in this report provide Ohio District personnel,
cooperating agencies, and others with a reference manual on QA/QC procedures that are followed in
collecting and analyzing water-quality samples and reporting water-quality information in the Ohio
District.

The project chief, project support staff, District Water-Quality Specialist, and District Laboratory
Coordinator are all involved in planning and implementing QA/QC activities at the district level. The
District Chief and other district-level managers provide oversight, and the Regional Water-Quality
Specialist, Office of Water Quality (USGS headquarters), and the Branch of Quality Systems within the
Office of Water Quality create national QA/QC polices and provide assistance to District personnel.

In the literature, the quality of all measurement data is expressed in terms of precision, variability,
bias, accuracy, completeness, representativeness, and comparability. In the Ohio District, bias and
variability will be used to describe quality-control data generated from samples in the field and
laboratory. Each project chief must plan for implementation and financing of QA/QC activities
necessary to achieve data-quality objectives. At least 15 percent of the total project effort must be
directed toward QA/QC activities. Of this total, 5-10 percent will be used for collection and analysis of
quality-control samples. This is an absolute minimum, and more may be required based on project
objectives.

Proper techniques must be followed in the collection and processing of surface-water, ground-
water, biological, precipitation, bed-sediment, bedload, suspended-sediment, and solid-phase samples.
These techniques are briefly described in this report and are extensively documented. The reference
documents listed in this report will be kept by the District librarian and District Water-Quality Specialist
and updated regularly so that they are available to all District staff.

Proper handling and documentation before, during, and after field activities are essential to ensure
the integrity of the sample and to correct erroneous reporting of data results. Field sites are to be
properly identified and entered into the data base before field data-collection activities begin. During
field activities, field notes are to be completed and sample bottles appropriately labeled and stored. After
field activities, all paperwork is to be completed promptly and samples transferred to the laboratory
within allowable holding times. . -

All equipment used by District personnel for the col]ectlon and processing of water-quality samples
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is to be properly operated, maintained, and calibrated by project personnel. This includes equipment
for onsite measurement of water-quality characteristics (temperature, specific conductance, pH,
dissolved oxygen, alkalinity, acidity, and turbidity) and equipment and instruments used for
biological sampling. The District Water-Quality Specialist and District Laboratory Coordinator are
responsible for preventive maintenance and calibration of equipment in the Ohio District laboratory.

The USGS National Water Quality Laboratory in Arvada, Colo., is the primary source of
analytical services for most project work done by the Ohio District. Analyses done at the Ohio
District laboratory are usually those that must be completed within a few hours of sample collection.
Contract laboratories or other USGS laboratories are sometimes used instead of the NWQL or the
Ohio District laboratory. When a contract laboratory is used, the project chief must first obtain
written approval of the Chief, Office of Water Quality. The work of the contract laboratory is subject
to ongoing review throughout the project by the USGS-WRD Branch of Quality Systems in the
Office of Water Quality.

Finally, data collected are monitored for bias and variability, checked for errors, validated, and
stored to facilitate retrieval and use by District personnel and others. Performance and system audits
are done by the Ohio District to provide independent evaluation of the quality of data collected. The
audits are done at approximately the 10-, 40-, and 70- percent stages of project completion and at
other times deemed appropriate by the District Water-Quality Specialist. If a significant condition
that adversely affects data quality is noted, project personnel must promptly identify, report, and
correct conditions. In addition, each project chief is required to maintain a file of project QA/QC
activities. The District Water-Quality Specialist will write an annual report to District management
on all QA/QC activities in the District.

2.0 Introduction

The U.S. Geological Survey (USGS), Water Resource Division (WRD), collects, analyzes, interprets,
and disseminates information about the quality of water in our nation’s streams, lakes, and aquifers. As an
earth-science agency, the USGS has a reputation for collecting accurate data and producing factual and impar-
tial interpretive reports (Schroder and Shampine, 1992). Many sample-collection techniques for subsequent
analyses of physical, chemical, and biological qualities of water and sediments are documented and have
become standard, but new ones are implemented regularly. Within the WRD, the Office of Water Quality
(OWQ) and in particular, the Branch of Quality Systems (BQS) within the OWQ, provides protocols, policies,
and guidance on how to conduct a quality-assurance/quality-control (QA/QC) program; however, the specific
technical policies and operational QA/QC procedures that address local needs while incorporating national
policies are developed and implemented at the District, discipline, and project levels.

2.1 Purpose and scope

This report describes current policies of the USGS and Ohio District Office for the collection, storage,
processing, analysis, and disposition of data from samples of water, aquatic biota, and solid-phase material.
These samples are collected for subsequent analysis of chemical, biological, and (or) physical properties. Bio-
logical-, sediment-, and water-quality procedures are described in this report and will all be referred to as
“water-quality.” The policies described within this report were established for all activities associated with
water-quality projects undertaken by the Ohio District. These policies provide Ohio District personnel, cooper-
ators, and others with a reference manual on QA/QC procedures that are followed in collecting and analyzing
water-quality samples and reporting water-quality information in the Ohio District. -
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2.2 Description of water-quality projects

Water-quality projects in the Ohio District can be divided into three main categories (table 2.2-1): (1)

. projects that are investigations of water-quality constituents and the relation of these constituents to hydrologic
variables and processes, (2) projects that are assessments of current conditions or trends in water quality, and (3)
projects that assess or evaluate water-quality conditions and are guided by protocols set by other government
organizations. Often, the USGS accepts QA/QC or method guidelines of other governmental organizations when
such guidelines have been established to support a mission of water-resource management.

Projects that are oriented toward the processes that affect the physical, chemical, or biological qualities of
water and sediment comprise most of the water-quality studies done in the Ohio District in a typical year. Many of
these projects have a research component while meeting the specific needs of the cooperator(s). Some projects
include monitoring of several processes to examine the effects of these processes on an ecosystem.

Long-term programs, such as the National Water-Quality Assessment Program (NAWQA), are directed by
WRD management on the national level and implemented in Ohio and elsewhere to assess water quality. These
are national programs for which occurrence and distribution of water-quality trends and current conditions are a
focus. Other studies are done within the Ohio District to assess water quality (usually on a shorter term than
National programs) relating to a specific need from a cooperating agency or other entity.

Several studies that assess water quality and are driven by protocols and requirements set by regulators
have been done in cooperation with the Department of Defense (DOD), such as site evaluations and geophysical
studies and smaller projects at local DOD-operated facilities. Certain projects are driven by protocols and require-
ments set by the U.S. Environmental Protection Agency (USEPA), the Ohio Environmental Protection Agency
(OEPA), or others. Often, protocols other than standard USGS methods must be followed and strict chain-of-cus-
tody procedures must be implemented. The reporting requirements also may be different, including very detailed
documentation of quality-control data. The other agency protocols usually enhance the legal aspects of data col-
lection and only rarely diminish the technical quality of the resulting data.

. Table 2.2-1. Categories and characteristics of water-quality projects
Water-quality
project type Objectives and characteristics
Process-oriented studies Experimental designs, research investigations;

regional, statewide, or local

Assessment studies Network designs; national, regional, statewide,
or local

Assessment studies guided by the protocols of  Site-specific investigations
other agencies

3.0 Quality-assurance/quality-control objectives and activities

Quality assurance/quality control is defined as all those planned or systematic actions necessary to provide
adequate confidence that a product or service will satisfy given objectives for quality. Quality-assurance (QA) ele-
ments focus on procedures used to control immeasurable components of a project and include project work plans,
protocols specifying sampling and processing procedures, maps locating field sites, and books containing equip-
ment maintenance and calibration records. Quality-control (QC) data are the data generated to estimate the mea-
surable components of quality in the processes used for obtaining environmental data. These processes include
operational techniques and activities in the field and in the laboratory. Quality assurance/quality control is the
responsibility of all those involved in project work; however, QA/QC is implemented at the management level

. (Schroder and Shampine, 1992). S . -
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3.1 Quality-assurance/quality-control objectives for data in terms of bias, variability, representativeness,
comparability, and completeness

Quality-control data in the Ohio District will be used to provide estimates of bias and variability. These
are the terms recommended for use by the OWQ (Schertz and others, 1998) because they are consistently
defined in the literature and address most data-quality objectives in WRD water-quality projects and activities.
Quality-assurance elements are used to describe representativeness, comparability, and completeness of data.
Other terms are defined in this section and are included for comparisons to the literature.

Bias is a systematic error inherent in a method or caused by some artifact or idiosyncrasy of the
measurement system. Bias may be either positive (from contamination) or negative (from loss or
degradation), and multiple sources of bias may contribute to the net bias (Taylor, 1987). Bias is
evaluated through the use of field and laboratory blanks, spikes, or standard reference samples.

Variability is the degree of variation in independent measurements as the result of repeated
application of the measurement process under specified conditions. Variability is dependent on the
sample matrix, data-collection methods, analytical method, and analytical concentration relative to
the method detection limit. Variability is evaluated through the use of field and laboratory replicate
samples.

Precision is the agreement among independent measurements of the same quantity, without reference
to the known or true value. Precision is a measure of repeatability or reproducibility, and it is
evaluated most directly by comparing multiple measurements of the same parameter on the same
sample under the same conditions. Precision is evaluated through the use of field and laboratory
replicate samples.

Accuracy is defined as the degree of agreement of a measured value with the true or the accepted
value for that quantity. An accurate method is one that provides precise and unbiased results within
acceptable limits (Taylor, 1987).

Representativeness is how well data describe the chemical composition or the biological or physical

conditions in the environment at a point or period in time. Representativeness of samples is ensured

by (1) collection of samples from locations typical of the site of interest, (2) use of approved sampling
methods and equipment, (3) use of appropriate sample-preservation techniques, (4) use of appropriate
analytical methods, and (5) adherence to appropriate sample-holding times.

Comparability is a characteristic that represents degree of agreement between results from one
sample, sampling round, site, laboratory, project, or study stage to those from another. Comparability
is achieved by using processes that yield results of known and similar quality. Procedures used to
ensure data comparability include (1) using standard methods for sample collection, processing, and
analysis, (2) providing training in standard methods to be employed, (3) using traceable standards for
calibration, and (4) reporting results from similar matrices in consistent units.

Completeness of the data is determined by comparing the amount of valid data obtained from the
measurement system, either field or laboratory, with the amount of data expected to be obtained
under normal conditions. If completeness goals are not met, an attempt is made to re-sample for the
characteristics of interest.
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3.2 Quality-control samples

Quality-control data are used to determine the magnitude of measurement variability, adjust the measure-
ment process, and aid in interpreting environmental data. Without QC data, sample data cannot be adequately
interpreted because the variability associated with the sample data are unknown (Horowitz and others, 1994).
The types of field and laboratory QC samples used in the Ohio District are detailed in the following paragraphs
and summarized in table 3.2-1. Many of these QC sample types are from Horowitz and others (1994) and WRD
Memorandum 91.09. !

3.2.1 Field quality-control samples

As a check on the quality of field activities (including sample collection, processing, shipment, and
handling), field QC samples are collected periodically and analyzed with project environmental samples.
The level of error associated with each step of the collection, processing, and preservation of samples
can be measured by use of QC samples. Details on how to collect field QC samples are outlined in
Horowitz and others (1994).

Field replicates are a set of environmental samples, collected and analyzed in a manner such that the
samples are thought to be virtually identical in composition. They are used to estimate variability for
some part of the sample collection and analysis process. Replicate is the general term for two or more
samples, whereas duplicate is the term for two samples. Field replicates are either split replicates or
concurrent field replicates. Split replicates are subsamples of an already collected and processed sample
and are used to determine the analytical variability for various constituents in an environmental sample
matrix. Concurrent field replicates are two samples taken as closely together in time and space as
possible. Sequential field replicates are two replicates taken one right after the other. Concurrent and
field replicates are collected, processed, and preserved separately and provide the user with a measure of
sampling and analytical variability.

Blanks are used to identify sampling and analytical bias caused by contamination from equipment,
supplies, and ambient environmental conditions. A blank solution is free of the analyte(s) of interest.
Inorganic-free blank water (IBW) and organic-free blank water (OBW) may be purchased from the
Quality Water Service Unit (QWSU) of the USGS in Ocala, Fla. A field blank is a blank solution used to
determine potential contamination that can occur through all stages of sample collection, processing,
preservation, transportation, and handling. A field blank is generated under actual field conditions and at
least one blank is collected during each sampling trip. An equipment blank is similar to a field blank
except it is used to determine potential contamination from the equipment cleaning process. An
equipment blank is processed in the relatively controlled environment of an office or laboratory and is
collected before project field activities begin and at least annually thereafter. Sequential blanks are used
to assess potential contamination from each step in sample collection, processing, and handling.
Sequential blanks are a series of blank samples (sampler blank, splitter blank, pump blank, preservation
blank) collected in sequential order after each step in the generation of field or equipment blanks. A
source solution blank verifies the composition of the blank solution and is collected in a relatively
protected area. Sequential and source solution blanks are collected along with field and equipment
blanks and are submitted to the laboratory if contamination is found in the equipment or field blank. A
trip blank is a blank solution used to determine contamination from migration of compounds into the
sample from the air. A trip blank is put in the same type of bottle used for an environmental sample and
kept with the environmental sample bottles before, during, and after sample collection. Typically, trip
blanks are analyzed for volatile organic compounds. An ambient blank is a blank solution used to

I'I'hroughout this report, in addition to published reports, technical memorandums from the WRD, OWQ, and NWQL will be included
with the reference documents. All official technical memorandums can be accessed on the World-Wide Web at http://wwwoper.er.usgs.gov/
memos. ' o ’ -
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determine potential contamination from environmental sources. It is put in the same type of bottle
used for an environmental sample, kept with the set of sample bottles before sample collection, and
opened at the site and exposed to ambient conditions.

Field matrix spikes are environmental samples fortified in the field with known concentrations of

some or all of the analytes of interest. These are used to determine bias of analyte recovery ina
sample matrix and degradation of the analyte during shipping and storage.

‘Table 3.2-1. Summary of the types, definitions, and purposes of quality-control samples

Type of sample

Definition

Purpose

Field quality-control samples

Field replicate

Split

Concurrent

Sequential

Environmental samples, collected and analyzed so that they are
virtually identical in composition

An already collected and processed sample split into two or more
samples

Two replicates taken as closely together as possible in time and
space; samples are collected, processed, and preserved
separately.

Two replicates taken one right after the other

Sampling and analytical variability

Analytical variability

Sampling and analytical variability

Sampling and analytical variability

Blanks

Field blank

Equipment
blank

Sequential
blank

Source solution
blank

Trip blank

Ambient
blank

A sample that contains a blank solution, free of the analyte(s) of
interest

Blank solution processed through all stages of sample collection,
processing, preservation, and handling under field conditions

Blank solution processed through all stages of sample collection,
processing, preservation, and handling in a controlled
environment

Blank solution collected after each step in the generation of a
blank sample

Blank solution collected in a protected area

Blank solution put in the same type of bottle and kept with the
environmental sample

Blank solution put in the same type of bottle as the environmen-
tal sample and opened at the site

Sampling and analytical bias caused by
contamination from equipment, sup-
plies, and ambient environmental con-
ditions

Contamination from equipment, supplies,
and the environment

Contamination from equipment and
" supplies

Contamination from step(s) in fietd
sampling and sample processing

Verifies the composition of the blank
solution

Contamination from migration of com-
pounds into the sample from the air

Contamination from ambient
environmental conditions

Field matrix spike

Environmental sample fortified in the field with known concen-
trations of the analyte(s) of interest

Bias of analyte recovery and degradation
during shipping

Laboratory quality-control samples

Laboratory
replicate

Laboratory

blank
Reagent spike
Laboratory matrix spike

Surrogate

Standard reference sample

Environmental sample split into two or more subsamples in the
laboratory

Blank solution carried through the sample preparation and ana-
lytical procedures

Blank solution fortified with known concentration of the method
analyte(s)

Environmental sample fortified with known concentrations of
the analyte(s)

Compounds similar in properties to the analytes of interest and
added to environmental samples

Sample with known concentration of the analyte(s)

Variability of the analytical method

Laboratory bias from contamination

Laboratory bias of analyte recovery

Laboratory bias with (if any) matrix
interferences

Monitor matrix effects on analyte
recovery

Bias of the analytical procedure
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3.2.2 Laboratory quality-control samples

Laboratories routinely analyze various QC samples to estimate the quality of analytical procedures,
determine the need for internal corrective action, and interpret results after corrective action is
implemented. Results of these samples can be obtained from the laboratory if desired; selected QC
results typically are provided with the analytical data.

There are several common types of laboratory QC samples. A laboratory replicate is a single
environmental sample, split into two or more replicates in a controlled laboratory environment and used
to assess the variability of the analytical method. A laboratory blank is a blank solution carried through
the entire sample preparation and analytical procedure used to evaluate bias from laboratory
contamination. A reagent spike is a blank solution fortified in the lab with known concentrations of
some, or all, of the method analytes. The reagent spike is used mainly to assess bias of organic analyses
in reagent water. A laboratory matrix spike is an environmental sample fortified in the laboratory with
known concentrations of some, or all, of the method analytes of interest. Matrix spikes are used to assess
the extent of matrix interferences and to evaluate bias for specific sample matrices. Surrogates are
compounds that react in analysis similarly to the analytes of interest, but are not typically found in
environmental samples. Samples fortified with surrogates are used commonly in organic analyses and do
not interfere with the analysis of the analytes of interest. The surrogate compounds are added to
environmental samples immediately before sample preparation (Wershaw and others, 1987) and are used
to monitor matrix effects on analyte recovery. Standard reference samples are samples that are certified
reference materials and have known concentrations of the analytes of interest. Standard reference
samples are used to assess the analytical process and provide insight into bias from calibration
procedures or instrument drift.

3.3 Organization and responsibility

The diagram in figure 3.3-1 shows general relationships among personnel and organizational units respon-
sible for QA/QC of water-quality data collected in the Ohio District. Project chiefs obtain approval for QA/QC
activities from the District Water-Quality Specialist. The District Water-Quality Specialist, with assistance from
the Regional Water-Quality Specialist and OWQ), in particular the Branch of Quality Systems (BQS), is responsi-
ble for creating QA/QC policies, obtaining reference materials, providing assistance with their use, and providing
oversight on project QA/QC activities. The Laboratory Coordinator provides support to the District Water-Quality
Specialist in organizing water-quality records and maintaining supplies and equipment. The project chief has the
primary responsibility for assuring that QA/QC procedures are implemented by the project support staff and for
monitoring results; however, the District Chief and other managers have the oversight for assuring the technical
quality of all district products. Therefore, communication between all concerned parties is of critical importance.

3.4 Development of project-specific objectives and minimum requirements for quality-assurance/quality-
control activities

3.4.1 Planning quality-assurance/quality-control activities

Each project chief must plan ahead for implementation and financing of QA/QC activities. During the
project proposal phase, the objectives and levels of QA/QC activities are projected. Although these
levels may change between the project proposal phase and ongoing parts of the project, a thorough
examination of QA/QC objectives is required in the project proposal phase for reasonable estimation of
project costs. Costs associated with QA/QC activities are not limited to data-collection activities; these
costs also include data analysis, processing, and reporting.
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POLICY AND PROCEDURES EXTERNAL QA/QC
¢ District Water-Quality ¢ Office of Water Quality-
Specialist Branch of Quality Systems
o Office of Water Quality * QW Service Unit (Ocala)
o Office of Ground Water o National Water Quality
o Office of Surface Water Laboratory
¢ Regional Water-Quality - « National Field
Specialist Quality-Assurance program
Project Chief and
project team
ANALYTICAL SUPPORT INTERNAL QA/QC
« National Water Quality * District management
Laboratory e District Water-Quality
« Contract laboratories Specialist
» Ohio District Laboratory » District Laboratory
« Sediment Laboratories Coordinator

Figure 3.3-1. Guidance, support, and review components of quality-assurance/quality-control activities (QA/QC) for Ohio
District water-quality projects.
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The number and types of QC samples are established during the project proposal phase in consultation
with the District Water-Quality Specialist. Various statistical techniques can be used to determine QC
sample size requirements (Walpole and Myers, 1985; Noether, 1987). Careful examination of the
following questions also will help evaluate QC sample needs:

1. Why are the data being collected, and how will the data be used?

2. What level of potential contamination from sampling and analytical procedures will be assessed by
use of blanks?

3. How will the data on replicate samples be used to establish acceptable limits of variability?

4. How will the data from standard reference samples and spike samples be used to assess acceptable
levels of bias for each analyte?

5. How will the types of QC samples be distributed during the phases of the project?

6. What other variables in the project (such as flow, season, and land use) will affect the distribution of
QC samples?

3.4.2 The project work plan

When the project begins, the QA/QC objectives and implementation plan must be included in the project
work plan prepared by the project chief. The work plan includes discussions of the types, number, and
objectives of QC samples, the process for deciding when QC samples are needed, how the QC data are to
be evaluated, and actions to be implemented on the basis of QC results (Shampine and others, 1992). QA
elements are listed in the project work plan and include references for standard protocols, nonstandard
protocols that need to be documented, and training requirements. QA/QC activities in the project work
plan are reviewed and approved by the District Water-Quality Specialist before the project is
implemented. Guidance on integrating QA/QC into the project work plan is provided by Shampine and
others (1992).

Data-quality objectives (DQO’s) are to be considered when developing the project work plan (Shampine
and others, 1992; and USEPA, 1987 and 1994). DQO’s are qualitative and quantitative statements
developed to specify the quality of data needed from a particular data-collection activity to support a
specific decision. DQO’s are established before data collection by evaluating the project objectives,
hypotheses to be tested, time and resource constraints on data-collection activities, methods available for
collecting and analyzing the data, and end uses of the data. Acceptance criteria are defined for bias,
variability, representativeness, comparability, and completeness as part of the DQO’s. Each topic in the
work plan will have a statement describing activities needed to ensure that data obtained will meet
DQO’s of the project.

DQO’s and the types of QC samples and QA elements can be dynamic and may change as new
information is obtained. For example, early in the project, QC samples are used to validate sample
collection and analytical methods (or identify the need to adjust methods), provide early detection of
problems in data interpretation, and document data quality. After the validity of field and laboratory
procedures is documented, the number and types of QC samples may be reduced.

3.4.3 Implementation and minimum requirements for quality-assurance/quality-control activities

The effectiveness of a project work plan and implementation of DQO’s requires that all members of the
project team be aware of QA/QC objectives and the types of samples required. Personnel must be
properly trained in the rationale and proper methodologies for collection and analysis of data. Written
protocols or references outlining all phases of data collection and analysis, including QA/QC activities,
are required. These written instructions are incorporated in the project work plan and are the standard
operating procedure in all phases of the project. Accordingly, communication of all project issues
between project chief, project personnel, District Water-Quality Specialist, and the laboratory is crucial.
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Each project chief is required to maintain a file of project QA/QC activities. This file will contain, at
a minimum, (1) the project work plan containing QA/QC objectives and implementation plan and
DQO’s, (2) written protocols or references for project activities, including those references contained
in this report (3) dates and results of any QA/QC audits conducted by the District Water-Quality
Specialist (see section 9.1), and (4) the project QA/QC checklist provided by the District Water-
Quality Specialist.

The USGS, WRD, requires that QC samples and QA elements be included in any sampling and
analysis program because without this information, the quality of collected environmental data can
neither be qualified nor evaluated (Horowitz and others, 1994). Accordingly, at least 15 percent of the
total project effort must be directed toward QA/QC activities. Of this total, 5-10 percent are used for
collection and analysis of QC samples. This is an absolute minimum, and more may be required
based on project objectives.

4.0 Quality-assurance/quality-control requirements in the collection and processing
of samples

In order to achieve project DQO’s and QA/QC requirements, proper techniques must be followed in the
collection and processing of samples. Considerable information is available about the techniques and proce-
dures that are used in the collection and processing of surface-water, ground-water, biological, precipitation,
sediment, and solid-phase samples. Because of rapid changes in technology, new and improved methods are
continuously being developed. Therefore, the methods listed in this and other sections of this report are briefly
described and heavily referenced. The reference documents described in this report will be kept in the District
library and by the District Water-Quality Specialist for distribution to District staff, as requested. These docu-
ments will be updated regularly by the District Water-Quality Specialist.

4.1 Surface-water samples
Procedures and references for collecting and processing surface-water samples are described in the fol-
lowing sections and summarized in table 4.1-1. -

Table 4.1-1. Summary of methods for collection and processing of surface-water samples

Type of method Method reference

Site selection and sampling frequency

All surface waters ~ Random, stratified random, cluster, and systematic sampling Averett and Schroder, 1994, p. 21-29

Averett and Schroder, 1994, p. 30-34
Site selection methods

Streams Site selection methods Edwards and Glysson, 1988, p. 45-47
Ward and Harr, 1990, p. 2
Wilde and others, 1998a

Lakes and reser- Dispersed random and transect sampling Ward and Harr, 1990, p. 15-16
voirs
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Table 4.1-1. Summary of methods for collection and processing of surface-water samples—Continued

Type of method

Method reference

Representative samples and collection techniques

Streams Single vertical EDI and EWI Edwards and Glysson, 1988, p. 49-76
Isokinetic sampling Ward and Harr, 1990, p. 2-9
Dip (grab) Martin and others, 1992
Point Wilde and others, 1998d
Lakes and Point Ward and Harr, 1990, p. 15-23
reservoirs
Water-temperature profiles Averett and Schroder, 1994,
p- 14-18
Cleaning and avoiding contamination
Inorganics Detergent, tap water, hydrochloric acid, deionized water Horowitz and others, 1994,
p- 11-12, 41-44, and 52-56
Wilde and others, 1998c
Most organics Detergent, deionized water, methanol, and hexane Sandstrom, 1995, p. 7

Organic carbon

Volatile organics

Detergent and deionized water

Detergent, deionized water, methanol

Wilde and others, 1998c

Shelton, 1994, p. 13
Wilde and others, 1998¢

Shelton, 1997

Sampling protocols

Inorganics

Organics

Radio-chemicals

Inorganic protocol

Organics associated with sediment
Organics dissolved in water
Organics as a film on water’s surface

Volatile organics

Organic carbon

Inorganic protocol

Other protocols

Horowitz and others, 1994

Horowitz and others, 1994
Shelton, 1994
Wilde and others, 1998d

Wershaw and others, 1987, p. 7-8
Wilde and others, 1998d
Shelton, 1997

Shelton, 1994, p. 16
Wilde and others, 1998d

Horowitz and others, 1994 -

Thatcher and others, 1977, p. 9-11
Wilde and others, 1998d

Sampling devices

EDI and EWI

Single vertical and
dip

Point

Automatic

Bridge sampling—US-D77TM
Wading—US-DH81

Transit rates for isokinetic sampling

US-D77TM
US-DHS1
Weighted-bottle sampler

Van Dom

Nansen-type
Kemmerer-type
Weighted-bottle sampler

Types and representativeness

Horowitz and others, 1994, p. 7-8
Edwards and Glysson, 1988, p. 7-16
Shelton, 1994, p. 10

Wilde and others, 1998b

Edwards and Glysson, 1988, p. 67-76

Ward and Haﬁ. 1990, p. 9-14.
Shelton, 1994, p. 11
Wilde and others, 1998b

Ward and Harr, 1990, p. 16-24
Wilde and others, 1998b

Ward and Harr, 1990, p. 10-13
Edwards and Glysson, 1988, p. 32-43
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Table 4.1-1. Summary of methods for collection and processing of surface-water samples—Continued

Type of method

Method reference

Compositing and splitting devices

Inorganics

Organics and
sediment

Churn splitter

Cone splitter

Cone splitter

Horowitz and others, 1994, p; 9
Ward and Harr, 1990, p. 34-39
Wilde and others, 1998¢

Shelton, 1994, p. 12 and p. 18
Capel and others, 1995
Wilde and others, 1998e

Ward and Harr, 1990, p. 36-39
Shelton, 1994, p.12 and p. 18
Capel and others, 1995

Wilde and others, 1998e

Filtration devices

Trace elements

Major ions, nutri-
ents, or radio-
chemicals

Organics

Dissolved-organic
carbon

Capsule filter

Capsule filter
Plate filter holders with cellulose membranes

Glass-fiber or Teflon membrane or Teflon-capsule filters

Stainless steel or Teflon filter holders with silver membranes

Horowitz and others, 1994, p. 13-14
Wilde and others, 1998e

Horowitz and others, 1994, p. 13-14
Ward and Harr, 1990, p. 51-52
Timme, 1995, p. 17-18

Shelton, 1994, p. 20

* Wilde and others, 1998¢

Sandstrom, 1995
Timme, 1995, p. 18
Sheiton, 1994, p. 23
Wilde and others, 1998e

Ward and Harr, 1990, p. 53
Timme, 1995, p. 18

Wilde and others, 1998¢
Shelton, 1994, p. 23

Preservation

All samples

Chilling, preservative, or no preservation required

Timme, 1995, p. 17-19
Horowitz and others, 1994, p. 17-19
Ward and Harr, 1990, p. 54-64

4.1.1 Site selection and sampling frequency
Deciding when and where to sample is the first step toward achieving project DQO’s and QA/QC
requirements. Averett and Schroder (1994) discuss how to determine frequency of sampling and

design a surface-water sampling program based on the following sampling designs: simple random,
stratified random, cluster, and systematic sampling. In deciding where to sample for stream, lake, and
reservoirs studies, refer to Averett and Schroder (1994). For a complete discussion on the selection of
streamwater sampling sites, refer to Edwards and Glysson (1988), Ward and Harr (1990), or Wilde
and others (1998a). For example, locate streamwater sites near a gaging station because of the
relation between water-quality characteristics and streamflow. In addition, avoid streamwater sites
that may be affected by backwater conditions.

If the sampling site is not near an established gaging station, the site data must be entered into the
USGS Ground-Water Site Inventory System (GWSI) (Mathey, 1989) as described in section 5.1.1.
Once a streamwater site is established, carefully select a sampling cross section to ensure adequate
mixing conditions (Edwards and Glysson, 1988; Ward and Harr, 1990). For lakes and reservoirs,
sampling locations may be selected by two schemes described in Ward and Harr (1990): dispersed
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random sampling and transect sampling. All pertinent information about the site and sampling scheme
are to be maintained in the site field folder, described in section 5.1.1.

4.1.2 Representative samples and collection techniques

Obtaining a sample of water that represents the characteristics of the stream, lake, or reservoir at a point
in time is essential for meeting DQO’s for water-quality project data. Details of representative sampling
techniques of surface waters are described in Edwards and Glysson (1988), Ward and Harr (1990), and
Wilde and others (1998d) and are summarized below. Review these references before beginning any
surface-water sampling program.

Streams. If discharge weighted samples are needed for a project; for example, the distribution of target
constituents is uneven or unknown in a cross section, a multiple-vertical sampling method must be used
(Ward and Harr, 1990). The equal-discharge-increment (EDI) method (Edwards and Glysson, 1988)
requires some knowledge of the distribution of streamflow in the cross section. In this method, samples
are obtained from the centroids of segments having equal discharge increments. The transit rate at each
centroid or vertical need not be constant; however, equal sample volumes are collected at each vertical.
The equal-width increment (EWI) method requires that samples be taken at verticals equally spaced
across the stream. The volume collected is proportional to stream discharge and is not the same at each
vertical; however, the transit rate at all verticals must be equal. A complete discussion of EDI and EWI is
given in Edwards and Glysson (1988).

In addition, if one is concerned with collecting samples representative of the water-sediment mixture, the
sampler needs to be filled isokinetically; that is, water approaching the sampler must not change in
velocity or direction as it enters the intake (Ward and Harr, 1990). To collect an isokinetic sample, it is
very important that the correct sampler be used for the conditions at the sampling site and that the
sampler be used correctly. Refer to Edwards and Glysson (1988) for details on how to collect an
isokinetic sample.

If the physical properties and chemical-constituent concentrations of the streamwater are well mixed in
the cross section, if only concentrations of dissolved constituents are to be determined, or if a depth-
integrated sample is needed at a single location in the cross section, the single-vertical depth-integrated
sampling method may be used to obtain a representative sample. In the single-vertical method, the
sampler is lowered and raised through the water column at a uniform transit rate.

Dip (grab) sampling and point-sampling methods may also be used to obtain a representative sample
in some cases. For example, dip samples are collected when high velocities (>10 ft/s), shallow channel
depths, or excessive debris in the stream preclude the use of EWI or EDI methods. However, dip samples
collected near the water surface may underrepresent concentrations of some sediment-associated
constituents (Martin and others, 1992). In the dip-sampling method, a sample is collected below the
surface of the water for some constituents (such as bacteria) to minimize collection of surface film and
avoid contact with the streambed (Myers and Wilde, 1997). Alternatively, for volatile organics, a dip
sample is collected at the surface of the water. The point-sampling method is used when project
objectives include defining the water quality of one location in the stream. In the point-sampling method,
water is collected from a fixed point in a vertical.

Lakes and reservoirs. The probability that a single sample of a lake or reservoir is representative of the
whole body of water is slight; therefore, a sampling program must be carefully designed (Ward and Harr,
1990). No sampling program would be complete, however, without a good understanding of water-
temperature profile (Averett and Schroder, 1994). In sampling lakes and reservoirs, the point-sampling
method is commonly used at several locations and depths.. -
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4.1.3 Cleaning and avoiding contamination

Considerable care must be taken to avoid contamination during sampling and processing. The two
biggest sources of aqueous sample contamination are (1) improperly cleaned equipment and

(2) atmospheric inputs, such as dirt and dust (Horowitz and others, 1994).

The selection of proper cleaning procedures is dependant on the characteristics of target constituents.
For inorganic sampling, complete laboratory and field cleaning procedures for removal of
contaminants and for avoiding contamination during sampling and processing are detailed in
Horowitz and others (1994) and Wilde and others (1998c). Specifically, detergent and hydrochloric
acid are used to remove trace inorganics during the cleaning procedure. To remove organics from
equipment, use detergents and methanol in the cleaning procedures; however, the use of methanol
must be considered on a case-by-case basis. For example, methanol is not used to clean equipment
used in sampling for dissolved organic carbon (Shelton, 1994; Wilde and others, 1998c) or methylene
blue active substances. For samples with relatively high concentrations of hydrophobic organic
compounds, use an additional solvent such as hexane after the methanol rinse (Sandstrom, 1995).

Processing and preservation chambers are used to reduce or eliminate potential atmospherically
derived contaminants. The chamber<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>