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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
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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 chambers can be a permanently installed structure in the field vehicle or a
portable unit composed of a nonmetallic frame and a disposable plastic cover. The use of processing
and preservation chambers to reduce atmospherically derived contaminant inputs is highly
recommended in processing and preserving all samples and is required for trace-element analysis
(Horowitz and others, 1994; Wilde and others, 1998e). In collecting and processing samples for
subsequent organic analysis, be aware of any potential sources of contamination such as exhaust from
engine motors and pesticide applications in a nearby field.

4.1.4 Sampling protocols by target constituent

Surface-water samples are collected to determine the concentrations of inorganic (trace elements,
nutrients, and major ions), organic, and radiochemical constituents. Processes that control
concentrations of surface-water constituents are discussed in Hem (1989).

Samples for subsequent inorganic analyses. A protocol for the collection and processing of samples
for low-level inorganic analyses in filtered water was developed by the OWQ to improve and ensure
the quality of data produced by the WRD (Horowitz and others, 1994). That document provides a
detailed description and explanation of procedures to follow in the preparation and use of sample
collection and processing equipment for obtaining contaminant-free samples suitable for inorganic
analyses at the microgram-per-liter level. The protocol (hereinafter called, “the inorganic protocol’’)
is now the standard operating procedure (SOP) for collecting and processing samples for trace
elements, nutrients, and major ions, even at reporting limits above the microgram-per-liter level. Any
deviations from the inorganic protocol must be justified by the DQO’s and must be verified by a
higher number of QC samples than normally required.

Samples for subsequent organic analyses. The sampling technique for organic constituents will
depend on the nature of the target organic compound and surface-water conditions. In sampling for
organics of any type, sample equipment must be made of Teflon, stainless steel, aluminum, or glass;
contact between the water sample and plastic is prohibited. For organics associated with sediment or
dissolved in water, the inorganic protocol techniques (Horowitz and others, 1994) or collection
techniques for representative samples (Shelton, 1994; Wilde and others, 1998d) may be used. For
organics that are found as a film on the water’s surface, a dip-sampling method is used. In collecting
samples for volatile organics, sample: bottles are filled to the top directly from the stream, lake, or
reservoir, leaving a convex meniscus at the mouth (Wershaw and others, 1987; Wilde and others,
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1998d). A newly developed volatile organic carbon sampler may also be used for collection of stream-
water samples (Shelton, 1997). Samples must be collected so as not to degas the volatile organic of
interest. In collecting samples for organic carbon analyses, collect the sample directly into a baked 250-
mL amber glass bottle using a weighted-bottle sampler at a single midstream vertical (Shelton, 1994).
Contact the appropriate National Water Quality Laboratory (NWQL) section chief about other organic
analyses that may require special handling.

Samples for subsequent radiochemical analyses. Details of techniques for collection and treatment of
samples for radiochemical analyses are given in Thatcher and others (1977) and Wilde and others
(1998d). Requirements to be met in sampling water for the determination of radioactive constituents are
generally the same as for other constituents. For example, although the inorganic protocol (Horowitz
and others, 1994) has not been evaluated for its applicability to the collection of samples for subsequent
determination of radiochemical constituents, it may be used with appropriate QA/QC checks. Contact
the radiochemical coordinator at the NWQL when beginning a sampling program for radiochemical
constituents.

4.1.5 Sampling and processing equipment and supplies
Sampling devices. The type of sampler used in collecting surface water depends on the characteristics of
the target analyte(s) and surface-water conditions.

For sampling streams by use of EDI or EWI from a bridge, the US-D77TM or US-D95 samplers are
recommended (Horowitz and others, 1994; Edwards and Glysson, 1988; Wilde and others, 1998b). The
use of the US-D77TM and US-D95 samplers with rigid bottles are restricted to depths of 3 to 15 ft. and
2 to 15 ft., respectively, with velocities from 2.0 to 8.0 ft/s (Shelton, 1994). A 5/16- in. nozzle size is
used with the US-D77TM and 1/4-in. or 5/16 in. nozzles may be used with the US-D95. For deeper
waters, use the US-D77 or a frame-type sampler assembled with Teflon or Reynolds oven bags
described in OWQ Technical Memorandum 83.08 (U.S. Geological Survey, written commun., 1983) and
recommended in Horowitz and others (1994) and Shelton (1994). For collecting a depth-integrated or
discharge-weighted sample under wadable conditions, use the US-DH81 sampler with 5/16-in. nozzles.
The US-D77TM, US-D95, and US-DH81 samplers may be used for collection of surface-water samples
for determination of inorganic, radiochemical, bacterial, and some organic constituents. All components
that contact the water sample are coated with plastic or Teflon, minimizing the potential for
contamination. In order to collect an isokinetic sample, one must adjust transit rates on the basis of
stream velocity and nozzle size. A complete discussion of transit rates for the US-D77TM sampler is in
Edwards and Glysson (1988). Tables of acceptable transit rates and nozzle sizes and minimum volumes
that must be collected to ensure that an isokinetic sample is being collected can also be obtained from
Wayne Webb (U.S. Geological Survey, written commun., 1997).

To collect a single-vertical or dip sample, a US-D77TM, US-D95, or US-DH81 may be used. One may
also use an weighted-bottle sampler (a heavy plastic basket that adjusts to hold various sizes of uncapped
bottles has been developed by the Ohio District and may be used in sampling for trace elements).
Weighted bottles do not sample isokinetically and collect only quasi-depth-integrated samples (Ward
and Harr, 1990). For sampling lakes or reservoirs or point samples in a stream, Van-Dorn type,
Nansen-type, Kemmerer-type, or open-mouth water-sampling bottles may be used (Ward and Harr,
1990).

Automatic samplers are used to collect water samples at sites where conventional sampling is not
practical or economical, such as at close intervals during runoff or at remote sites. Automatic samplers
collect a sample at a single point in the stream vertical. Types of automatic samplers are discussed in
Ward and Harr (1990) and Edwards and Glysson (1988). It is important to collect numerous hand .
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samples to verify the representation of the automatic samples for depth-integration and cross-section
representation (Ward and Harr, 1990). A detailed discussion of these concerns is given in Edwards
and Glysson (1988).

Compositing and splitting devices. Water samples are composited and split when it is necessary to
obtain a mixture from several subsamples, such as those collected by the EDI or EWI methods (Ward
and Harr, 1990). Two types of splitters are recommended—the chumn splitter and the cone splitter
(Wilde and others, 1998e). For the collection of inorganic samples by use of the inorganic protocol,
Horowitz and others (1994) dictate that the modified churn splitter be used; however, a later
evaluation of laboratory and field protocols showed that a Teflon cone splitter can be used to produce
contaminant-free subsamples for analysis of trace elements (OWQ Technical Memorandum 97.03).
In another study, it was shown that the all-Teflon cone splitter can split a water sample for subsequent
analysis of semivolatile organic chemicals and trace elements without contamination (Capel and
others, 1995). Shelton (1994) reports that the all-Teflon cone splitter is the best available device for
compositing and splitting water samples for analyses of major ions, nutrients, trace elements,
pesticides, and sediment and that it is the only choice for splitting pesticide and sediment samples.
When collecting samples for analysis of organic constituents, do not use the plastic churn splitter; a
Teflon cone splitter is the recommended compositing device (Mark Sandstrom, U.S. Geological
Survey, written commun., 1990). If only dissolved organic constituents are determined, a glass or
Teflon compositing bottle may be sufficient. For dissolved inorganic constituents, a plastic bottle can
be used in addition to either glass or Teflon compositing bottles.

Filtration devices. The choice of filtration equipment and filter type depends on the characteristics of

the target analytes(s). A complete discussion of filtration devices is given in Wilde and others
(1998e). The disposable capsule filter, made of plastic materials, is the required device in filtering
water for subsequent determination of trace elements (Horowitz and others, 1994). Plate filter holders
with cellulose-type filter membranes may be used in sampling for major ions, nutrients (Horowitz
and others, 1994), or radiochemicals (Ann Mullin, U.S. Geological Survey, oral commun., 1995);
however, capsule filters are recommended. In filtering water for organic analysis, glass-fiber or
Teflon membrane or capsule filters are used (Sandstrom, 1995). In filtering a sample to be analyzed
for dissolved or suspended organic carbon, silver membrane filters, stainless steel or Teflon filter
holders, and a nitrogen-gas or hand pump filtration system are used (Ward and Harr, 1990).
Regardless of the type of filtration equipment used, it is very important to precondition the filter
membrane. For organic-carbon samples, the filter is preconditioned with 25 mL of organic-free
deionized water (Shelton, 1994). For other organic samples, about 20 mL of organic-free water and
125 mL of sample water are used for preconditioning (Sandstrom, 1995). For inorganic samples, the
filter is preconditioned with 1 L of deionized water followed by 25 to 50 mL of the sample water
(Horowitz and others, 1994). Filtration procedures are described in detail by Horowitz and others
(1994), Ward and Harr (1990), and Shelton (1994). All samples must be filtered into the appropriate
bottle type. A complete listing of filtration requirements and bottle types may be obtained from the
NWQL Services Catalog (Timme, 1995), which is also available on the World-Wide Web at
http://wwwnwql.cr.usgs.gov/USGS.

Preservation. The final step in sample processing is preservation of the sample. Preservation
techniques retard the chemical, physical, or biological changes that occur after the sample is removed
from its source (Ward and Harr, 1990). Some sample types require no preservation, some need only
to be chilled, and some require the addition of a preservative. Because preservation methods are
constantly changing, consult preservation requirements in the current NWQL Services Catalog
(Timme, 1995), also available on the World-Wide Web at http://wwwnwql.cr.usgs.gov/USGS.
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4.2 Ground-water samples

~ The main goal of collecting ground-water samples is to obtain samples that accurately represent the water
quality of the aquifer. However, ground-water quality tends to have significant spatial variations that make it diffi-
cult to characterize the water quality of an aquifer from only a few samples. Also, because ground water is usually
isolated from the atmosphere, special techniques may be required to minimize oxidation or degassing of reduced
or volatile chemical species. For some unstable constituents, field measurements are required to produce unbiased
and representative data (Wood, 1976).

4.2.1 Site-selection criteria

One of the most important QA activities associated with ground-water sampling is selection of sampling
sites (wells) that will provide samples capable of meeting water-quality data objectives set for the study.
Types of wells that are suitable for use in various types of ground-water studies and associated selection
criteria are discussed in Claasen (1982) and Lapham and others (1997). Criteria used to select wells for
the NAWQA ground-water studies are discussed in Hardy and others (1989) and Lapham and others
(1995). Well-selection criteria for projects involved in contaminant monitoring or regulatory response
may have very specific well-selection criteria that are set by the USEPA, OEPA, or other agencies. The
minimum well-selection criteria for any ground-water project done in the Ohio District includes
sufficient documentation to (1) determine the hydrogeologic zone from which the ground water is being
withdrawn and (2) ensure that materials and techniques used to construct the well are suitable for
sampling the constituents of concern.

4.2.2 Site documentation :

Wells selected for sampling are to be adequately documented (see section 5.1). This includes entering
site data into the USGS Ground-Water Site Inventory (GWSI) (Mathey, 1989), as described in section
5.1.1 of this report. If a project objective is to relate ground-water quality to land use, then land-use and
land-cover field sheets must be completed. Examples of land-use and land-cover forms used by the
NAWQA program are found in Koterba and others (1995, p. 88-89). Wells selected as potential
sampling sites must be visited before completion of the GWSI site file to verify that information
obtained from drillers’ logs or other sources is correct. Copies of well logs obtained from the Ohio
Department of Natural Resources are filed with the original GWSI form and in project files. Before
sampling, obtain permission to sample the well (use WRD form 90.034— “Permission to Sample”) and
arrange for site access. It is also recommended that photographs of the well site be taken to document
well characteristics and local land-use practices near the well (Hardy and others, 1989; Lapham and
others, 1995). Keep one set of photographs with the original GWSI form and a second set in the site file.

4.2.3 Well construction and development criteria

For some projects, new wells may be constructed. Selection of appropriate construction and
development methods and casing and grout materials used will be project specific. It is important that the
techniques and materials used do not affect the quality of samples with respect to the analytes of interest.
For example, avoid using drilling techniques that introduce water (or other fluids) into the aquifer. A
complete review of literature covering well-installation techniques is beyond the scope of this report.
Instead, the reader is directed to the following sources and references contained therein: Aller and others
(1991), Driscoll (1986), Dumouchelle and others (1990), Hardy and others (1989), Lapham and others
(1995, 1997) and Ohio Environmental Protection Agency (1995). If new wells are to be installed, the
District Ground-Water Specialist is to be consulted.

For new and existing wells, the materials to be used for the well casing and to seal the annular space
surrounding the casing are to be evaluated for their potential effects on water quality (Claasen, 1982).
Certain casing materials have been shown to sorb trace elements and volatile organic compounds,
whereas some plastic casing materials and the compounds used to join casing sections may leach volatile
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organic compounds (Gillham and O’Hannesin, 1990; Lapham and others, 1997). Teflon and 316

stainless steel are rated highest with respect to maintaining sample integrity. However, because of

high cost (and the poor strength characteristics of Teflon), most monitoring wells are constructed .
with 40 or 80 schedule polyvinyl chloride (PVC) casing (Driscoll, 1986; Aller and others, 1991;

Lapham and others, 1997). PVC casing with threaded, not glued joints should be used to avoid
contamination from adhesives used to glue the joints (Lapham and others, 1997). Common materials

used to grout the annular space above the screened interval include bentonite, cement, and bentonite-
cement mixtures. If the seal is not installed properly, grout materials can affect the pH and major ion
chemistry of ground-water samples collected from the well. Sorption of volatile organic compounds

and trace elements onto grout materials, such as bentonite, can also occur.

The length of the well screen open to the aquifer can also influence the representativeness of ground-
water quality samples. Reilly and others (1989) have shown that substantial well-bore flow may
occur in long-screened wells in some hydrogeologic settings. Similar results have been reported by
other workers (Robbins, 1989; Martin-Hayden and others, 1991; Robbins and Martin-Hayden, 1991).
Sharp variations in aquifer chemistry can occur over small vertical intervals. Therefore, unless the
project goal is to examine the quality of ground water obtained from wells open to large intervals of
the aquifer or supply wells with long or multiple screens, wells with short screens or open intervals
are preferred for most ground-water-quality studies. Placement of the screen will depend on study
objectives. If contaminants are being introduced at land surface, wells near the source are to be
screened at, or just below the water table. Further downgradient, well screens may be placed at
greater depths. Use of multiple-depth well clusters, although more expensive than use of a single well
with a long screen or open interval, is recommended in most situations. Hydrogeologic features, such
as the presence or absence of confining units or highly transmissive fracture zones in consolidated
aquifers, can also affect where well screens are placed.

Newly completed wells must be developed to rid the casing and screen of fine-grained particulate '
matter (drilling mud and cuttings), as well as to remove fine-grained material from the sand and

gravel pack around the well screen. Existing wells that have not been sampled recently may also

require development because their screens may be clogged with bacteria, chemical precipitates, or

fine sediments (Claasen, 1982). Techniques used for well development are described in Driscoll

(1986), Aller and others (1991), and Lapham and others (1995, 1997).

4.2.4 Ground-water sampling equipment

Once wells are selected and documentation is completed, sampling equipment is selected and tested
to ensure that representative ground-water samples can be obtained. Selection criteria for ground-
water sampling equipment includes type of materials, cost, pump capacity (flow rate), equipment
durability, and portability. Evaluate materials used in the sampling equipment with respect to
possible chemical effects (leaching/adsorption and gas permeability) and physical effects (abrasion
and flexibility under variable weather conditions). The two main classes of ground-water sampling
equipment are bailers and pumps. Of these, bailers are generally less expensive and can be obtained
in a variety of designs and materials appropriate for sampling most analytes. However, bailers are
inconvenient for sampling wells with large purge volumes, and many researchers have questioned the
ability of bailers to obtain representative ground-water samples, particularly with respect to trace
elements and volatile organic compounds (Martin-Hayden and others, 1991; Robbins and Martin-
Hayden, 1991; Barcelona and others, 1994). Hence, in most situations, the use of a pump to sample
ground water is recommended.

Another class of ground-water samplers are discrete-depth samplers that are emplaced in the
subsurface by cone-penetrometer testing rigs or drilling rigs (Edge and Cordry, 1989; Zemo and '
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others, 1994). Devices used to collect discrete-depth samples are shielded by a retractable sleeve that is
pulled back when the target zone is reached; depths up to 50 ft can be sampled by this technique at
intervals as small as 1 ft. Sampling can be done at successively greater depths as the device is advanced
downward. This method has been shown to be very cost effective for site characterization investigations
where delineation of shallow contaminant plumes in unconsolidated aquifers is the primary objective
(Zemo and others, 1994).

The decision of which pump to use for a particular project is made only after consultation with the
District Ground-Water specialist or other personnel familiar with the use and operation of the various
pump types. A list of pumps available for project work and their current condition is currently (1997)
being compiled by District personnel and can be obtained from the District Ground-Water Specialist. For
projects involved in long-term monitoring, the use of dedicated pumps and tubing in each monitoring
well can result in significant savings and a reduced risk of cross-contamination between wells.
Comparison of the ability of different types of ground-water sampling devices to deliver representative
ground-water samples with respect to various analyte classes (organics and inorganics) has recently been
reviewed by Parker (1994). This review article contains an extensive reference list that cites field and
laboratory studies; short descriptions of the main findings of many of the pre-1990 papers cited by
Parker (1994) are given in Dumouchelle and others (1990). Koterba and others (1995, p. 17) list low-
discharge, submersible, portable pumps that are approved for use by the NAWQA program for sampling
ground water for a wide variety of constituents including volatile organic compounds (VOC'’s),
pesticides, major ions, nutrients, radionuclides, and selected trace elements. Tests of the recovery
efficiencies of these pumps for various inorganic and organic constituents have been done by personnel
of the Office of Ground Water (Franceska Wilde, U.S. Geological Survey, written commun., 1994).

4.2.5 Well-purging criteria

To ensure that representative ground-water samples are collected, it is necessary to purge stagnant water
from the well bore and replace it with water freshly drawn from the surrounding aquifer. Before
pumping, the water level of the well must be measured and the volume of water in the casing (including
the screened interval) must be determined and recorded on a field sheet (see Koterba and others, 1995, p.
96, for example water-level measurement and purge form). The pump intake is placed near the top of the
water column during purging and lowered to the top of the screened interval before the sample is
collected. For shallow wells, the rate of pumping is to be as uniform as possible during purging and
sampling and is to be done at a low flow rate. The purge and sampling flow rate recommended for the
NAWQA program is about 0.1 gal/min (or 500 mL/min) (Koterba and others, 1995). Such low flow rates
are recommended because higher flow rates can cause turbulence, degassing, entrainment of colloids and
small particles, excessive drawdown, and mixing of water from different parts of the aquifer in the
wellbore (Reilly and others, 1989; Powell and Puls, 1993; Barcelona and others, 1994; Koterba and
others, 1995). All of the above-listed processes can lead to collection of nonrepresentative ground-water
samples; use of the low flow rate during purging and sample collection minimizes these effects. Initial
purging at a higher rate is acceptable for deeper wells whose purge volumes are high; however, before
the sample is collected, the purge rate is to be gradually reduced to the recommended flow rate and
selected water-quality characteristics are to be monitored for stability. Procedures for dealing with wells
where standard purging procedures cannot be followed (including purging and sampling of low-capacity
wells) are discussed in Koterba and others (1995).

Monitor temperature, pH, dissolved oxygen (DO) (unless H,S is present) and specific conductance
during purging and record values on field sheets at regular intervals (for example, S-minute intervals).
Turbidity measurements, if required by state or Federal regulatory agencies for the project, are also made
at regular intervals. The NAWQA protocol requires regular turbidity measurements for any wells where
ground-water samples are being collected for trace-element analysis (Koterba and others, 1995). Perform
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all measurements (except turbidity) in a flowthrough chamber that isolates ground water and probes
from the atmosphere. The flowthrough chamber is attached as close to the pump discharge as possible
to minimize temperature fluctuations and outgassing from the tubing. Descriptions of the basic design
elements for flowthrough chambers are given in Hardy and others (1989). Flowthrough chambers are
available from the Hydrologic Instrumentation Facility; alternatively, many multiple-parameter
water-quality instruments offer accessory flowthrough chambers that attach directly to the
instrument.

Determination of when purging is complete is based on volumetric criteria and stability of water-
quality characteristics. The OWQ recommends that three to five casing volumes be removed (three
minimum) and that three successive field measurements of selected water-quality characteristics are
stable within the limits given in table 4.2.5-1 (Wilde and others, 1998d; Koterba and others, 1995).

Table 4.2.5-1. Stability criteria for well purging for selected water-quality characteristics

Characteristic Units Stability criteria

pH Standard units +0.1

Specific conductance Microsiemens per centimeter (us/cm) > 100 ps/cm, within 3%
< 100 ps/cm, within 5%

Dissolved oxygen - Milligrams per liter (mg/L) +0.3 mg/L

Temperature Degrees Celsius (°C) +0.2°C

Turbidity Formazine or nephelometric turbidity <5 FTU or NTU
units (FTU or NTU)

Of these criteria, demonstrated stability of the water-quality characteristics is the most important
criterion, although it is recognized that natural variability in ground-water quality or well-bore
hydraulic effects will prevent stabilization of some (or all) of these characteristics in some aquifers
and wells. For these situations, use of the volumetric rule is recommended. Water-quality
characteristics measured immediately before sample collection begins are to be recorded on the field
sheets.

Recently, micropurging techniques have been developed that involve purging of a small percentage
of the total casing volume by use of dedicated pumps at very low pumping rates (Kearl and others,
1994; Puls and Paul, 1995). These techniques have not been used by the Ohio District, but they have
significant potential for use in studies where disposal of large volumes of contaminated purge water is
an issue.

4.2.6 Ground-water sample collection and processing

Once purging is complete, the sampling device intake is lowered to just above the well screen (or the
base of the cased interval in bedrock wells) and collection of ground-water samples can begin.
Collect and preserve subsamples for constituents subject to volatilization or contamination first.
USEPA and NAWQA protocols recommend that organic compounds (volatile and semivolatile
organic compounds, organic carbon, phenols) be sampled for first, followed by collection of samples
for dissolved and total inorganic analytes (trace elements, major ions, nutrients, alkalinity). These in
turn are followed by collection of subsamples for cyanide, radon and other radionuclides, and isotopic
and various environmental tracers such as chlorofluorocarbons (Koterba and others, 1995; Ohio
Environmental Protection Agency, 1995; Wilde and others, 1998d). Samples for onsite determination
of alkalinity are to be collected at the same time the sample for anions is collected.
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Good field practices to be followed during sample collection and processing include the use of gloves
and precleaned equipment and tubing, minimization of the number of sample-processing steps,
decontamination of equipment after sampling, and collection of field blanks to assess overall ability to
collect clean samples (Koterba and others, 1995; Wilde and others, 1998d). If possible, plan the field trip
so that wells are sampled in the order of lowest to highest concentrations of target analyte(s). This
strategy may involve sampling from upgradient to downgradient wells, from wells with low-ionic-
strength water to high-ionic-strength water, or from pristine wells to contaminated wells. If wells are to
be sampled several times as part of a regular monitoring program, use of dedicated pumps may be a
practical and cost-effective alternative to use of a single pump that must be cleaned after each use and
regularly checked for cross-contamination.

Detailed descriptions of processing techniques for ground-water samples is beyond the scope of this
report, however, the reader is referred to Claasen (1982), Hardy and others (1989), OEPA (1995), and
Wilde and others (1998e) for discussions of collection, filtration, and preservation techniques for
ground-water samples. Protocols issued for ground-water sampling for the NAWQA program are
described by Koterba and others (1995). In addition, sample-processing guidelines given in the surface-
water inorganic protocol by Horowitz and others (1994) apply to ground-water projects that seek to
interpret trace-element or nutrient data at the microgram-per-liter level.

4.3 Biological samples

Assessments of occurrence, distribution, and relative abundance of aquatic biota; the concentrations of
fecal-indicator bacteria; and physical and chemical quality of stream habitats are important aspects of comprehen-
sive water-resources investigations. Aquatic organisms such as algae, macroinvertebrates, and fish can be sam-
pled for a variety of objectives including studies of biological water-quality conditions, human and aquatic
ecosystem health, and species occurrence and distribution.

Many collecting and processing methods have been developed to fit a variety of sampling locations and
objectives. A large number of scientific articles have been written about sampling and study design for projects
involving algae, macroinvertebrates, and fish. Design of studies of aquatic biota and habitat requires careful
thought and planning because the sampling error can often exceed the natural variability in populations, making
data interpretation difficult or impossible. Averett (1973) and Rosenberg and Resh (1993) are excellent introduc-
tory references.

Collection methods vary primarily with the size of the stream (wadable or non-wadable) or lake. Tables
4.3.1-1 to 4.3.5-1 contain references to methods accepted within the USGS, other Federal agencies, the States of
Ohio, Michigan, and New York, and academic institutions and scientific organizations. These methods are suit-
able in freshwater streams and lakes. The guidelines encompass methods for collection, processing, preservation,
storage, analysis, and taxonomic identification and enumeration of algae, invertebrates, and fish in lakes and
streams, and habitats of lakes and streams. For background information, the publications of Pennak (1991),
Rosenberg and Resh (1993), and Hynes (1970) are recommended.

4.3.1 Algae

Algae are present in a variety of stream and lake habitats and microhabitats. The choice of the type of
habitat to sample in streams (riffles, pools, runs) and lakes (littoral, or nearshore; limnetic, or open water;
epilimnetic, or upper, warm, lighted, layer of open water; and hypolimnetic, or lower, cool, dark layer of
open water) is related to project objectives. Classification of wetlands requires even finer determinations
of aquatic and semiaquatic habitats (U.S. Fish and Wildlife Service, 1979, p. 13).

Periphyton and macroalgae are the most abundant type of algae in streams. Both qualitative and
quantitative samples can be collected from many different stream habitats and microhabitats. Samples
can be collected using artificial substrates as well. Microhabitats include but are not limited to
periphyton growing on wood (epidendritic), on rooted and floating aquatic and semiaquatic plants -
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(epiphytic), on rocks (epilithic), on sand (epipsammic), on mud (epipelic), and on other debris and
detritus (epibenthic). Some periphyton are loosely attached to, or unattached but associated with,
objects in the water. Littoral areas of lakes have abundant periphyton in several microhabitats. A
variety of accepted sampling equipment and collection methods have been developed (table 4.3.1-1).
A review of methods for collection of periphyton can be found in Wheeler and others (1979).

Phytoplankton, the algae suspended in water, are the most abundant type of algae in large rivers,
natural lakes, ponds, and reservoirs. Sampling of these communities can be done by use of the same
equipment used to collect point water-quality samples in standing water, such as a Kemmerer or Van
Dorn sampler (table 4.3.1-1). Nets can also be towed through the water column to obtain a depth-
integrated sample. Nets selected for use, such as the Wisconsin-style net, are designed and
constructed to minimize drag at the net opening. Mesh-size of tow nets determines the size of
phytoplankton that are sampled. Microplankton (smaller than 20 um) are best sampled by use of a
point sampler such as a Kemmerer or Van Do bottle (table 4.3.1-1).

The acceptable level of bias and variability necessary to achieve DQO’s is determined by the project
chief before collecting samples. Data quality is dependent on at least three factors: (1) method
variability, (2) method bias, and (3) measurement of the variability of the numbers and species of
algae in the study area. Estimates of method variability are based on replicate counts of algal cells,
filaments, or colonies from a sample that has been split into subsamples. Bias is determined by
repeatable and correct taxonomic identifications and counts among replicate or split samples. To
assess bias and variability of counts and identifications, one in every 10 to 20 samples are collected,
split into two or more equal parts, enumerated, and taxonomically identified. Replicates for species
identifications and enumerations should agree within +/- 10-15 percent to ensure data quality. '

Collection of a sufficient number of samples to adequately describe spatial variability of organisms in
a study area is estimated through the collection and analysis of a predetermined number of samples
from the sampling reach. For example, somewhere between 5 and 10 replicates may be needed to
estimate statistical population parameters such as mean and median number of cells per square meter
to within +/- 25 percent. ' '

In most cases, taxonomic identification by the analyst can be made to the species level for algae.
Verify questionable taxonomic identifications of algae with an independent expert. Specimens that
have been verified by taxonomic experts can be used to develop a collection of reference or voucher
specimens. These verified samples provide a taxonomic check on current work. Experts in species
confirmation work must be identified early on in the planning phase of the project for budgeting and
contracting purposes.
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Table 4.3.1-1. Summary of methods of collection, processing, preservation, enumeration, and analysis of algae
samples from streams and lakes in Ohio and adjacent states

[APHA, American Public Health Association and others; HPLC, high performance liquid chromatography]

Biological
community type

Type of method

Method reference

Sample collection methods

Benthic Natural substrates: from rocks and other hard surfaces, from Britton and Greeson, 1987, p. 131-132
periphyton vegetation, sand, silt, wood, and other microhabitats Porter and others, 1993, p. 14-21
Artificial substrates APHA and others, 1992; p. 10-28
Britton and Greeson, 1987, p. 132
Porter and others, 1993, p. 22-24
Phytoplankton Grab sample with a bottle or sampler: APHA and others, 1992, p. 10-2 to 10-5
Van Dorn Sampler Britton and Greeson, 1987, p. 99-101
Kemmerer
Netted sample by towing net through the water APHA and others, 1992, p. 10-5 to 10-8
column:; Britton and Greeson, 1987, p. 100-103
Wisconsin style
Standard style
Macroalgae Collection methods Aloi, 1990
APHA and others, 1992, p. 10-41 to 10-47
Littler and Littler, 1985
Porter and others, 1993
Primary productivity (growth rate)
All algae Standing-water methods: APHA and others, 1992, p. 10-32 to 10-33
Dissolved oxygen method Britton and Greeson, 1987, p. 281
Carbon-14 method
Flowing-water methods APHA and others, 1992, p. 10-33 to 10-39
Britton and Greeson, 1987, p. 285
Sample processing, storage, and preservation methods
All algae Preservatives: glutaraldehyde, formaldehyde, Lugol’s solution, APHA and others, 1992; p. 10-5 and 10-28
glacial acetic acid, copper sulfate, other Britton and Greeson, 1987; p. 99
Porter and others, 1993; p. 27
Sample preservation, and processing for chlorophyll and other APHA and others, 1992, p. 10-17
pigments:
Filter within 2 hours of collection. Chill
at 1° -4° C before filtration. After
filtration, freeze filters on dry-ice
or in freezer for no longer than 6
months before analysis.
Storage and containers APHA and others, 1992; p. 10-17
Glass or plastic Britton and Greeson, 1987; p. 99
Biomass determination methods
All algae Biovolume APHA and others, 1992, p. 10-13
Sample processing and analysis for chlorophyll pigments APHA and others, 1992, p. 10-17 to 10-22
(HPLC and spectrophotometric methods only) Britton and Greeson, 1987, p. 219-247
Determination of biomass by gravimetric analyses (ash-freedry ~ APHA and others, 1992, p. 10-22
weight and seston) to 10-24, and 10-30 to 10-31
Britton and Greeson, 1987, p.127-129
Enumeration methods
All algae Inverted microscope Britton and Greeson, 1987, p. 143-144
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Table 4.3.1-1. Summary of methods of collection, processing, preservation, enumeration, and analysis of algae
samples from streams and lakes in Ohio and adjacent states—Continued

[APHA, American Public Health Association and others; HPLC, high performance liquid chromatography]

Biological
community type Type of method Method reference

Counting cell methods APHA and others, 1992, p.10-13 to 10-16

Britton and Greeson, 1987, p. 105-108
Light microscope-permanent slides APHA and others, 1992, p. 10-10 to 0-12

Britton and Greeson, 1987, p. 141-142

Taxonomic identification methods
All algae Diatoms Britton and Greeson, 1987, p. 314- 317

Patrick and Reiner, 1966
Prescott, 1962

Green, blue-green, golden-brown, Prescott, 1962, 1970
brown, and yellow algae Smith, 1950
Taft and Taft, 1971
Whitford and Schumacher, 1973

4.3.2 Aquatic invertebrates

Aquatic invertebrates are organisms such as insect larvae, adult insects, and various classes of worms,
mussels, clams, and snails that inhabit surface water for all or part of their life cycle. Collecting and
processing samples containing these organisms for subsequent identification and enumeration can be
time consuming and complex. Like other aquatic organisms, macroinvertebrate species prefer
specific habitats and are associated with those habitats when sampled. In lakes, these habitats include
limnetic, profundal (bottom), and littoral areas. In streams, these habitats include riffles, pools, runs,
stream banks, island or bar edges, tree roots, and other woody debris (Meador and others, 1993a).

In most instances, macroinvertebrates that are benthic (live in or on the bed material and other
habitats of streams) are insect larvae and freshwater clams and mussels. Insects and freshwater clams
and mussels represent the largest biomass of invertebrates in streams and rivers. Zooplankton such as
microcrustaceans, represent the largest biomass of invertebrates in lakes. Consider which component
of the invertebrate community is most important for meeting project objectives.

The choice of the type of habitat from which to collect invertebrate samples from streams, wetlands,
and lakes is related to project objectives (table 4.3.2-1). Within a habitat, samples can be collected
from many different microhabitats. These microhabitats include but are not limited to different grain
sizes such as clay, silt, sand, cobbles, gravels, and boulders or bedrock. Other microhabitats include
living and dead wood, roots, stems, leaves and leaf particles, and other organic material such as

rooted emergent and submergent aquatic plants and macroalgae (Cuffney and others, 1993a; Meador
and others, 1993b).

Qualitative and (or) quantitative samples can be collected by use of artificial substrates as well as
from natural substrates. A variety of nets, dredges, and other equipment can be used to collect stream
macroinvertebrates (table 4.3.2-1) (Cuffney and others, 1993b; Ohio Environmental Protection
Agency, 1989).

The sampling and identification methods must be closely matched to project objectives to obtain
adequate assessment of macroinvertebrate communities. Often, many samples (more than five) must
be collected to arrive at a good estimate of relative abundance (Rosenberg and Resh, 1993, p. 159).
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As with algae, data quality for samples and analyses of macroinvertebrates is dependent on at least three
factors: (1) method variability, (2) method bias, and (3) variability of the spatial distribution of
organisms in the study area. The variability in the spatial distribution of macroinvertebrates in a study
reach is estimated by the collection and analysis of a predetermined number samples from the same area.
Averett (1973) provides an excellent discussion of the integration of study design, DQO’s, and
determining the number of samples to be collected. Determine the acceptable level of bias and variability
necessary to achieve project objectives before sampling. For example, somewhere between 5 and 10
replicates may be needed to estimate statistical population parameters such as mean and median number
of organisms per square meter to within +/- 25 percent.

Estimates of bias and variability in counting (enumeration) and identification can be made for
macroinvertebrate samples. Cuffney and others (1993a) recommend splitting a single sample into
different fractions for identification and enumeration. A similarity index value is computed on the basis
of the differences between counts and identifications obtained from the various fractions (Cuffney and
others, 1993b). For the NAWQA program, a minimum numerical value for an index of similarity of 0.90
between sample fractions is set as a DQO (Cuffney and others, 1993b, p. 60). The DQO’s are set for
projects by the project aquatic biologist in conjunction with the project chief.

In many cases, taxonomic identification cannot be made to the species level for macroinvertebrates
because key morphological features of immature specimens are often undeveloped and unrecognizable.
Consequently, identifications are often limited to order, family, or genus rather than species. Verify
questionable taxonomic identifications with an independent expert. Specimens that have been verified
by taxonomic experts can be used to develop a collection of reference or voucher specimens. These
verified samples provide a taxonomic check on current work. Experts in species confirmation work must
be identified early on in the planning phase of the project for budgeting and contracting purposes. For the
NAWQA Program, all specimens are kept in a reference collection by the Biological Unit (BU) at the
NWQL.

A Scientific Collectors permit is required to collect freshwater mussels and their shells in Ohio and most
neighboring States including Indiana, Michigan, Pennsylvania, and New York. Application for a
Scientific Collectors permit must be made to the Ohip Division of Wildlife or other similar agency in
adjoining States. Because freshwater mussels are among the most diverse and endangered aquatic
organisms globally and in North America, collecting threatened or endangered mussels requires special
permission from the permitting agency. Avoid unnecessarily dislodging mussels from their habitats.

Methods are available for collection and processing of invertebrate tissue samples for analysis of
hydrophobic substances such as polychlorinated biphenyls (PCB), DDT and its degradation products,
and chlordane (Crawford and others, 1992). Although depuration of organisms (emptying of the
digestive tract) is recommended for NAWQA samples (Crawford and others, 1992), it may not be
necessary for all projects.

Sample sorting and processing of samples preserved with formalin or ethanol must be done under a hood
or outside to ensure good ventilation.
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Table 4.3.2-1. Summary of methods of collection, processing, preservation, enumeration, and analysis of invertebrate
samples from streams and lakes in Ohio and adjacent states

[DNR, Department of Natural Resources; EPA, Environmental Protection Agency; APHA, American Public Health Association]

Biological Method reference
community Type of method {unless numbered, each type of method can be found in
type all references)
Sample-collection methods
Benthic Natural substrates in streambeds, from vegetation, sand, silt, (1) Bode and others, 1993, p. 13
macro-inverte- wood, and other microhabitats: (2) Britton and Greeson, 1987, p. 151
brates ) Surber-type samplers (1, 2, 3) (3) Cuffney and others, 1993b
: Box, drum, and stream bottom-type (2,3) (4) Michigan DNR, 1991, p. 13-14
Kick samples (1,2,3,4,5) (5) Ohio EPA, 1989, Procedure No. WQPA-SWS-3,
Dip-net samples (4) Revision 6, Part A p. V-1-2to V-1-5
Dredges (2,3)
Corers (2,3)
Artificial substrates: (1) APHA and others, 1992, p. 10-28
Multiplate sampling (1-4) (2) Britton and Greeson, 1987, p. 155-158
Rock and basket sampling (2) (3) Bode and others, 1993, p. 10-11
(4) Ohio EPA, 1989, Procedure no.
WQPA-SWS-3, Revision 6, Part A p. V-1-2 to V-1-5
Drift nets Britton and Greeson, 1987, p. 163
Zoo- Grab sample with a bottle or sampler APHA and others, 1992, p. 10-2 to 10-5
plankton Britton and Greeson, 1987, p. 117-120

Netted sample by towing net through the water column

APHA and others, 1992, p. 10-5 to10-8
Britton and Greeson, 1987, p. 100-103

Sample containers, processing, preservation and storage
methods

All invertebrates

Preservatives: formaldehyde, formalin,
ethyl alcohol (1-4)

Storage and containers

Processing samples to remove detritus and sorting of organisms
to order level before identification and enumeration

(1) APHA and others, 1992, p. 10-5 and 10-28
(2) Britton and Greeson, 1987, p. 99
(3) Cuffney and others, 1993b
(4) Ohio EPA, 1989, Procedure
WQPA-SWS-3, Revision 6, Part A
p- V-1-2to V-1-5

Britton and Greeson, 1987, p. 99
APHA and others, 1992, p. 10-64 to 10-65

Cuffney and others, 1993a
Britton and Greeson, 1987

Biomass and tissue analysis methods

Macroinverte-
brates

Drying and gravimetric method for biomass measurement

Collection and processing for tissue analysis

Britton and Greeson, 1987, p. 165-168

Crawford and others, 1992

Taxonomic identification and enumeration methods

All Invertebrates

Enumeration

Taxonomic identification
(Additional references to monographs and other taxonomic
publications are located in the method references)

APHA and others, 1992, p. 10-10to 10-16
Britton and Greeson, 1987, p. 141- 144
Ohio EPA, 1989, p V-1-11 to V-1-14

APHA and others, 1992, p. 10-65
Britton and Greeson, 1987; p. 314- 317
Merritt and Cummins, 1984

Ohio EPA, 1989, p V-1-11 to V-1-14
Pennak, 1991

Thorpe and Covich, 1990
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4.3.3 Fish

Fish are the most common vertebrates found in streams, rivers, and lakes. Sampling programs must be
designed to collect fish in the specific habitats they prefer. These habitats include open water and littoral
areas of lakes; stream riffles, pools, runs, stream banks, and island or bar edges; and tree roots and other
woody debris (Meador and others, 1993a).

The design of sampling programs and reproducibility of results are interrelated because variability, bias,
and representativeness are dependent on at least three factors: (1) the quality of the sample analysis
(count, weight, and length of each specimen, (2) correct species identification, and (3) variability of the
spatial distribution of organisms in the study area. Replicate samples are impractical to collect in
assessments of fish communities.

The effectiveness of electrofishing technique is related to appropriateness of sampling equipment, size
and depth of the stream, level of effort (time spent electrofishing), length of the stream sampled, number
of habitats sampled, and power sent by the electrofishing unit and received by the fish. Unlike other
methods, representativeness of sampling fish communities is done by measuring the time spent
electrofishing: Spend a minimum of 1,300 to 1,600 seconds electrofishing in a reach that is
approximately 500 ft in length; as much as 2,000 seconds may be necessary in slow-moving reaches or
where there are woody snags and debris (Ohio Environmental Protection Agency, 1989).

Voltage emanating from the generator used for shocking fish must be adjusted according to water
temperature and specific conductance to ensure a representative sample as well as reduce fish injury. The
use of a control box is necessary to make the proper voltage adjustments to the generator (Burkhardt and
Gutrueter, 1995). Discussions of level of electrofishing effort and recommended equipment for various
sized streams are discussed in Ohio EPA (1989), Burkehardt and Gutrueter (1995), and Cuffney and
others (1993a). Take extra care to minimize fish injury and mortality during collection, measurement,
and identification: When electrofishing, keep live wells or holding tanks in boats and barges aerated and
as cool as possible.

Sampling fish is a labor-intensive endeavor, and most identification and other measurements must be
carried out in the field rather than the laboratory. It is essential that an ichthyologist be a part of the
samplling team. Inexperienced individuals will not be able to identify the majority of fish to species level
in the field. The result is unacceptable; that is, an unnecessarily large number of specimens must be
taken, preserved, and transported back to the laboratory for taxonomic identification or verification.
Field assistants and inexperienced personnel must be accompanied by an ichthyologist and field crew
leader when sampling fish. For the NAWQA Program, the field-crew leader or ichthyologist must be
certified through the U.S. Fish and Wildlife Service in safety and operation of the electrofishing unit.

Voucher specimens are collected and preserved to form a reference collection for future studies and for
taxonomic verifications. The only traceable method to confirm fish to species level is through a
reference collection and verification of species by an independent taxonomic expert. For the NAWQA
Program, all voucher specimens are kept in a reference collection at the District Office, and verifications
are done by local taxonomic experts or by contract laboratories with the Biological Quality Assurance
Unit at the NWQL. Fish identifications done in the laboratory on specimens preserved in formalin or
ethanol must be made under a hood or where ventilation is adequate.

When collecting samples for subsequent tissue analysis, proper precautions must be taken to ensure
sample integrity (protecting the samples from extraneous contaminants in the environment). The proper
type of material, such as Teflon, plastic, or glass, is determined by the nature of the analysis. Secure
containers must be used to store and ship samples before analysis.
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Table 4.3.3-1. Summary of methods of collection, field identification, enumeration, and preservation of fish from streams
and lakes in Ohio and adjacent states

[EPA, Environmental Protection Agency; APHA, American Public Health Association and others]

Type of method

" Method reference
(unless numbered, each type of method can be
found in all references)

Sample-collection, identification, and measurement
methods

Fish from wadable
and non-wad-
able streams
and lakes

Barge-mounted electrofishing technique
with or without seine (4)

Backpack electrofishing techniques (1,3,4)
Boat-mounted electrofishing techniques (4):
Straight electrode array

Circular electrode array

Voltage specifications (2)

(1) Britton and Greeson, 1987, p. 199-205
(2) Burkehardt and Gutreuter, 1995

(3) Meador and others, 1993a

(4) Ohio EPA, 1989

Fish from wet- Nets (1,2): (1) Britton and Greeson, 1987, p 202-205
lands Fyke net (2) Meador and others, 1993a
and lakes Hoop net (3) Ohio EPA, 1989
Seines (1,2,3)
Traps (2)
Tissues Electrofishing Crawford and others, 1992
and filets Net Ohio EPA, 1989
Handling and processing
All fish Taxonomic identification Kuehne and Barbour, 1983
Ohio EPA, 1989, p. V-4-31 and V-4-32
Smith, 1985.
Trautman, 1981
Biomass Britton and Greeson, 1987, p. 203-205
Length Meador and others, 1993a
Weight Ohio EPA, 1989
_ Voucher specimens Ohio EPA, 1989, p. V-4-31 and V-4-32
External deformities, eroded fins, lesions, tumors (DELTS), ‘
and fish-disease measurements methods
DELTS and disease identification Meador and others, 1993a
fish kills Meyer and Barclay, 1990
Ohio EPA, 1989, p. V-4-16 to V-4-18
Extemal evidence of fish kill Meyer and Barclay, 1990
Preparing and transporting samples
Sample containers, processing, preservation and storage
methods
All fish Preservatives: formaldehyde, formalin, APHA and others, 1992, p. 10-5 and 10-28
ethyl alcohol Britton and Greeson, 1987, p. 99
’ Meador and others, 1993a
Ohio EPA, 1989, Procedure
WQPA-SWS-3, Revision 6, Part A
p. V-1-2to V-1-5
Storage and containers APHA and others, 1992
Britton and Greeson, 1987, p. 99
Collection and processing methods of samples for analysis
of fish tissue
All fish Collection and processing of whole fish Crawford and others, 1992

Collection and processing of edible filets

Ohio EPA, 1989

Ohio EPA, 1989 ~
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Nutrient agar-4-methylumbelliferyl-B-D-glucuronide.

A Scientific Collectors permit is required to collect fish in Ohio and most neighboring States, including
Indiana, Michigan, Pennsylvania, and New York. Application for a Scientific Collectors permit must be
made to the Ohio Division of Wildlife or other similar agency in adjoining States. Collecting in streams
in which threatened or endangered fish species are present may require special permission from the
permitting agency.

4.3.4 Fecal-indicator bacteria

Fecal-indicator bacteria are the most frequently sampled bacteria in streams, lakes, and aquifers. Fecal
bacteria are mostly intestinal in origin, although some may be found in the environment. For the most
part, fecal-indicator bacteria do not represent the natural bacterial communities in the environment.
Fecal-indicator bacteria do not necessarily cause disease but are associated with the presence of
intestinal pathogens in water. As such, fecal-indicator bacteria are measures of the sanitary quality of
water. They are the only direct measure of fecal pollution by warm-blooded animals, including humans.
Fecal-indicator bacteria are used to monitor ambient water quality for recreational, industrial,
agricultural, and water supply purposes. The concentration of these bacteria indicate whether water is
safe for body-contact recreation or consumption, and free from disease-causing (pathogenic) organisms.

Test methods for fecal bacteria are of two types, membrane filtration (MF) methods and most-probable
number (MPN) methods (table 4.3.4-1). In most cases, the MF methods are preferred over the MPN
methods because of better quantification and ease of use and interpretation. MPN methods are used if the
sample contains sufficient suspended sediment to clog the membrane filter or when toxic substances are
present in the sample. Field methods for the collection of samples for bacterial analyses are described in
Myers and Wilde (1997). A QA/QC program for membrane-filter analysis is described by Bordner and
Winter (1978) and by D.N. Myers (U.S. Geological Survey, written commun., 1994).

Five MF methods are used in the Ohio District Laboratory for presumptive identification and
enumeration of bacteria in the groups: total coliform, fecal coliform, fecal streptococci, enterococci, and
Escherichia coli (E. coli). Verification tests for these five methods are also done (American Public
Health Association and others, 1992). Verification tests confirm that colonies resulting from the
presumptive test are the desired test organism.

The suitability of surface water for body contact is best determined by use of membrane-filter methods
for enumeration of E. coli, fecal coliform, enterococcus, and fecal streptococcus. Although all four
indicators can be used to assess recreational quality, only E. coli has been demonstrated to be strongly
associated with gastroenteritis in swimmers. For assessment of drinking water supply and source-water
suitability, total coliform analysis coupled with the E. coli method on NA-MUG? media is
recommended.

Descriptions and definitions of the tests and their use are given in APHA and others (1992); Britton and
Greeson (1987); Bordner and Winter (1978); and Myers and Wilde (1997). Troubleshooting problems
with test results and a QA/QC program for fecal-indicator testing is described in Bordner and Winter
(1978); APHA and others (1992); and D.N. Myers (written commun., 1994).

Methods for the collection, preservation, storage, processing, and analysis of samples for fecal bacteria
are listed in table 4.3.4-1. Collection methods vary depending on whether samples are obtained from
lakes, streams, or wells; whereas preservation, storage, processing and analysis methods are similar for
all types of samples once they are collected. All collection, processing, and analysis of microbiological
samples must be done by use of sterile techniques. Sterile techniques and procedures are discussed in
APHA and others (1992).
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Table 4.3.4-1. Summary of methods of collection, processing, enumeration, and computation of fecal-indicator bacteria
from surface water and ground water

[EDTA, ethydimethytetrasodiumacetate; mTEC, E. coli culture media; NA-MUG; confirmation media; °C, degrees Celsius; um; micrometers;
APHA, American Public Health Association and others; EIA, enterococcus confirmation media: USEPA, U.S. Environmental Protection Agency]

Type of method

Method reference
{unless numbered, each type of method can be
found in all references)

Sampling location and method

Streams Equal width increment (2,3,4) (1) APHA and others, 1992, p. 9-18 t0 9-20
Equal discharge increment (2,3,4) (2) Edwards and Glysson, 1988
Point sample (1,3,4) (3) Myers and Wilde, 1997
Single vertical samples (3,4)
Lakes Point samples APHA and others, 1992, p.9-19
Bordner and Winter, 1978
Britton and Greeson, 1987
Myers and Wilde, 1997
Wells Sample collected with pump (4.5,6) (1) APHA and others, 1992, p. 9-18 t0 9-19
Sample collected with bailer (4,5) (2) Bordner and Winter, 1978
Sample taken from a tap (1,2,3,4) (3) Britton and Greeson, 1987
(4) Myers and Wilde, 1997
(5) USEPA, 1977
Containers, preservatives, and holding time
Containers Glass, plastic, teflon; autoclavable APHA and others, 1992
Bordner and Winter, 1978
Myers and Wilde, 1997
Preservatives Chilling (1° to 4°C) APHA and others, 1992
Sodium thiosulfate Bordner and Winter, 1978
EDTA Britton and Greeson, 1987
Myers and Wilde,1997
Holding time Samples filtered as soon as possible but not more than 6 hours APHA and others, 1992
after collection Bordner and Winter, 1978
Britton and Greeson, 1987
Myers and Wilde, 1997
Primary culture methods
Membrane Total coliform (0.45 or 0.7 um) APHA and others, 1992, p. 9-54 to 9-57
filtration Fecal coliform (0.7 um) Bordner and Winter, 1978

(Filter-pore size)

Fecal streptococci (0.45 pm)

Britton and Greeson, 1987

Escherichia coli:

m-TEC procedure (0.45 um) (1)

NA-MUG procedure (from total coliform
at either 0.45 or 0.7 um) (2)

Enterococci (0.45 um) (1)

(1) USEPA, 1985
(2) USEPA, 1991

Most Probable Total coliform APHA and others, 1992, p. 9-45 to 9-51
Number Fecal coliform Bordner and Winter, 1978
(MPN) Fecal streptococci Britton and Greeson, 1987
Incubation times and temperatures
Total 24 +/- 2 hours at 35.0° +/- 0.5°C APHA and others, 1992, p. 9-45
coliform Bordner and Winter, 1978
Britton and Greeson, 1987
Fecal 24 +/- 2 hours at 44.5° +/- 0.2°C APHA and others, 1992, p. 9-61
coliform Bordner and Winter, 1978

Britton and Greeson, 1987, p.
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Table 4.3.4-1. Summary of methods of collection, processing, enumeration, and computation of fecal-indicator bacteria
from surface water and ground water—Continued

[EDTA, ethydimethytetrasodiumacetate; mTEC, E. coli culture media; NA-MUG; confirmation media; °C, degrees Celsius; um; micrometers;
APHA, American Public Health Association and others; EIA, enterococcus confirmation media: USEPA, U.S. Environmental Protection Agency]

Method reference
Type of method {unless numbered, each type of method can be
found in all references)

Escherichia 2 hours at 35.0° +/- 0.5°C; then USEPA, 1985
coli (E. coli) 22-24 hours at 44.5° +/- 0.2°C.
Urea broth for 20 minutes
Fecal 48 +/- 2 hours at 35.0° +/- 0.5°C APHA and others, 1992, p. 9-71
streptococci Bordner and Winter, 1978

Britton and Greeson, 1987

Enterococci 48 +/- 2 hours at 41.0° +/- 0.5°C APHA and others, 1992, p. 9-71
on m-E media; Bordner and Winter, 1978
then 20 minutes at 41.0°C on EIA media USEPA, 1985

Confirmation and verification methods

Total coliform Biochemical tests APHA and others, 1992, p. 9-65 to 9-67
Bordner and Winter, 1978

Fecal Biochemical tests APHA and others, 1992; p. 9-65 to 9-67

coliform Bordner and Winter, 1978

Escherichia Biochemical tests USEPA, 1985; p. 9-65 to 9-67

coli

Fecal Biochemical tests APHA and others, 1992; p. 9-71

streptococci Bordner and Winter, 1978

Enterococci " Biochemical tests USEPA, 1985

Policies of the USGS and OWQ are that all media and cultures must be sterilized before discarding. The
use of an autoclave for sterilization of cultures and media after use is required as described in OW
Technical Memorandum 93.10. *

4.3.5 Habitat

Evaluation of aquatic habitat in streams and lakes is an important component of biological-water quality
investigations. Habitat can be assessed in streams at four scales: basin, segment, reach, and subreach
(channel and flood plain), and in microhabitats within the channel and flood plain. At basin and segment
levels, most habitat assessments are done from maps or digital coverages. At the reach, channel, and
flood-plain levels, most habitat assessments are done on site. Although literature on the subject is
extensive, several references are used in the Ohio District for habitat assessment: Ashmore and others
(1988), Harrelson and others (1994), Meador and others (1993b), Newbury and Gaboury (1993), Palcsak
(1996), Wolman (1954), and Yuzyk (1986). Table 4.3.5-1 contains information and references to habitat
methods at all scales.

Digital coverages that are fully documented and maps that have been published are recommended for
habitat assessment. Many digital coverages at the scales appropriate for basin and segment assessment
are available over the internet or by ftp; for example, digital line graph (DLG) data for streams, digital
elevation models (DEM), land use and land cover—from the USGS’s EROS (Earth Research
Observation System) data center; ecoregions and river-reach files—from USEPA,; soils and drainage
areas—from the Natural Resources Conservation Service (NRCS); potential natural vegetation—from
the U.S. Forest Service; wetlands—from the U.S. Fish and Wildlife Service. Regional data are generally
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available from the State of Ohio and other nearby States. The Ohio District maintains a set of digital
coverages that can be used for basin and segment assessment.

Quality-assurance elements related to field measurements and sampling should follow those .
prescribed in the referenced documents. The most common types of errors associated with field
measurements are transcription errors and incomplete collection of information. Use of standardized

forms for data collection eliminates many problems associated with incomplete data collection, and
provides for consistent reporting of habitat characteristics. Data entries in field notes and computer

files must be verified independently before publication and use.

Specimens of aquatic, riparian, and flood-plain vegetation are kept in an herbarium for reference. All

vegetation identified to species must be verified by an independent expert when the species is in
question.

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



Table 4.3.5-1. Summary of methods of habitat assessment at six spatial scales
[GIRAS, Geographical Retrieval and Analysis System; NATSGO, National Soil Geographic Data Base; STATSGO, State Soil Geographic Data Base;

NRCS, Natral Resources Conservation Service; MOSS, Map Overlay Statistical System; NWS, U.S. National Weather Service; RF3, U.S. Environmental

Protection Agency River Reach; EROS, Earth Resource Observation System; DLG, Digital Line Graph Data; USGS, U.S. Geological Survey; NOAA,
National Oceanographic and Atmospheric Administration; PCS, Pollution Control System; TRI, Toxic Release Inventory]

Format

Type of assessment

Source of data or reference
(unless numbered, each type of method can be found in all
references)

Basin level: Scale is 1:250,000 to 1:2,500,000

Map and (or)
digital

Ecoregion (6)
Physiographic province (1)

(1) Fenneman and Johnson, 1946
(2) GIRAS (Anderson and others, 1976)

coverage Land use and land cover (11) (3) King and Beikman, 1974
Geologic type (3) (4) Kuckler (1970)
Soil type (5) (5) NATSGO, STATSGO, NRCS
Potential natural vegetation (4) (6) Omemick, 1987
Climate and runoff (7) (7) NWS, USGS
Hydrography (8) (8) USEPA RF3; USGS EROS DLG
Digital elevation models (9) (9) USEPA site files; NOAA, PCS system
Point source discharges (10) (10) USEPA, TRI data base
Toxic release inventories (10) (11) USGS EROS data center
Basin level: Scale is 1:24,000 (7.5 minute series topographic
maps)
Maps Drainage area (1) (1) Meador and others (1993b)
Drainage density (2) (2) District drainage-area maps
Drainage texture (2)
Drainage shape (2)
Stream length (2)
Basin relief (2)
Storage (2)
Digital Wetlands (1,2,3) (1) Frayer and others (1983)
coverage Drainage area (4) (2) Dahl and Johnson (1991)
(3) MOSS
(4) District drainage-area maps
Segment level: Scale is 1:24,000 to 1:100,000
Digital Stream networks DLG, USGS EROS data center
coverage USEPA RF3
Maps Segment code (3) (1) Horton (1945)
Stream length (3) (2) Leopold and others (1964)
Elevation (3) (3) Meador and others (1993b)
Sideslope gradient (3) (4) Osborne and Wiley (1992)
Segment gradient (3) (5) Schumm (1963)
Channel sinuosity (1,2,3,5,6) (6) Platts and others (1983)
Stream order (1,2)
Downstream link (4)
Water-management feature (3)
Reach level: Scale is 1:12,000 to 1:24,000
Maps Stream geomorphic channel units (1,2) (1) Bisson and others (1982)

Reach conditions (2)
Reach location (2)
Stream reach analysis and survey design (3)

Stream type (1)
Velocity (2)

Elevation and slope

(2) Meador and others (1993b)
(3) Newbury and Gaboury (1993)

(1) Leopold and Wolman (1957)
(2) Meador and others (1993b)

Meador and others (1993b)
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Table 4.3.5-1. Summary of methods of habitat assessment at six spatial scales—Continued

[GIRAS, Geographical Retrieval and Analysis System; NATSGO, National Soil Geographic Data Base; STATSGO, State Soil Geographic Data Base;
NRCS, Natural Resources Conservation Service; MOSS, Map Overlay Statistical System; NWS, U.S. National Weather Service; RF3, U.S. Environmental
Protection Agency River Reach; EROS, Earth Resource Observation System; DLG, Digital Line Graph Data; USGS, U.S. Geological Survey; NOAA,

National Oceanographic and Atmospheric Administration; PCS, Pollution Control System; TRI, Toxic Release Inventory]

Source of data or reference

Format Type of assessment (uniess numbered, each type of method can be found in all
references)
Channel and flood-plain level
Field Channel features (3): (1) Bisson and others (1982)
measurements Length, depth, width (2,4) (2) Harrelson and others (1994)
Geomorphic units (1) (3) Leopold and Wolman, (1957)
Slope (4) (4) Meador and others (1993b)
Aspect (4) (5) Newbury and Gaboury (1993)
Habitat features (4) (6) Yuzyk (1986)
Bar, shelf, island (4,6) :
Channel geometry and pattern (5)
Channel hydraulics (5)
Channel stability (5)
Flow frequency (5)
Bank features (4): (1) Hupp (1986)
Bank erosional type (1,2,3) (2) Hupp and Osterkamp (1985)
Bank slope (1) (3) Leopold and Wolman (1957)
Bank stability (1) (4) Meador and others (1993b)
Bank width (1)
Bank angle (1)
Bank height (1)
Bank shape (4)
Bank substrate (4)
Flood-plain features (1,2): (1) Hupp (1986)
Width (3) (2) Hupp and Osterkamp (1985)
(3) Leopold and others (1964)
Flood-plain vegetation inventory (2) (1) Hupp (1986)
Quarter-point method (1) (2) Hupp and Osterkamp (1985)
Canopy angle (3) (3) Meador and others (1993b)
Bank vegetation stability (5) (4) Mueller-Dombois and Ellenberg (1974)
Bank woody vegetation (4) (5) Platts and others (1983)
Aguatic and riparian vegetation (3)
Permanent vegetation plot (3)
Bed substrate (1) (1) Meador and others (1993b)
Grain size (3,4) (2) Platts and others (1983)
Embeddedness (2) (3) Wolman (1954)
(4) Yuzyk (1986)
Photodocumentation (1) (1) Harrelson and others (1994)
Diagrammatic mapping (2,3) (2) Meador and others (1993b)
(3) Newbury and Gaboury (1993)
Microhabitat characterization
Field Bed substrate type (3) (1) Biggs and others (1990)
measurements Macrophytes (1) (2) Cuffney and others (1993b)
Woody debris (2) (3) Hawkins (1985)

4.4 Precipitation samples

3

The QA/QC issues surrounding collection of precipitation (wet deposition) samples for subsequent
chemical determinations are particularly diverse, owing to the diverse needs for and uses of these data. The
purpose of any given precipitation-quality study must be clearly examined in order that the project plans ade-
quately address QA/QC issues, particularly those of representativeness (siting and frequency of automatic
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sampling and field visits) and comparability (use of wet-only, bulk, or dry collection equipment, sample handling,
and analytical techniques). ,

. The USEPA’s recommended QA/QC procedures and requirements for collection and chemical analysis of
precipitation are given by Peden and others (1986). Guidance on field and data-analysis procedures and laboratory
schedules to be used by the WRD are given in OWQ Technical Memorandum 81.07.

Considerations for determination of metals in precipitation are discussed in Vermette and others (1995).
Methods of sampling and analyzing for numerous properties and constituents in wet deposition are discussed in a
case study from Indiana (Willoughby, 1995). Detailed descriptions of the field procedures at a typical site are
given in a videotape produced by the National Atmospheric Deposition Program/National Trends Network
(1989), which can be borrowed from the Chief of the Hydrologic Surveillance Section in the Ohio District. A
brief summary of general QA/QC considerations follows.

4.4.1 Site selection, collector design, and sampling frequency

For studies of regional or background precipitation quality, locate sites so that they are reasonably
distant from traffic and other human activity that would disturb land or water surfaces. Avoid overhead
obstructions (trees, powerlines); a general guideline is that the line-of-sight angle from the top of the
collector to the nearest overhead obstruction should be 30° or less. Orient the collector parallel with
prevailing wind direction. The generally accepted criterion for height calls for the top of the collector to
be 6 to 12 ft above the ground.

Bulk collectors are constructed to accept dryfall in addition to wetfall, whereas wet-only collectors are
designed to open up only during periods of precipitation. Bulk sampling is appropriate if the project goal
is determination of total atmospheric input of constituents. Wet-only sampling is appropriate if the goal
is to determine concentrations of dissolved constituents in the precipitation itself. Dry-deposition
collectors are in use at a few locations nationwide; a dry-deposition program is administered by the
USEPA.

For either type of collector, ensure that sample containers, funnels, liners, and tubing consist of inert,
nonabsorbing materials that will not affect concentrations of ions in solution. Polyethylene or Teflon are
suitable materials for subsequent determinations of major ions. Glass is acceptable if mercury is to be
determined, but Teflon is recommended if other trace elements are of interest (Willoughby, 1995, p. 6).
Cost is commonly a factor in the selection of materials for precipitation samples.

Weekly, daily, event, and within-event sampling frequencies are all common; the choice depends largely
on the project objectives. Periods of greater than 2 weeks between retrievals of wet-deposition samples
are not recommended because of the possibility of evaporation and sample degradation. For dry-
deposition samples, monthly retrievals are recommended.

4.4.2 Site visits and sample handling

During the site visit, approach all samplers from the downwind side to help prevent contamination from
dust or from clothing or hair. Do not touch collection surfaces when removing or installing the collection
vessel. Bring new collection vessels to the sampling site in clean plastic bags and install them
immediately after the bags have been removed.

Check sampler covers frequently to ensure proper operation. Check the reciprocating cover of wet-only
samplers to ensure that a tight seal is maintained between the vessel rim and the cover. Clean the
underside of the cover at least monthly with distilled-deionized water to prevent buildup of dirt that
could contaminate the sample. During visits to dry-deposition collectors, check the actuating mechanism
for moving the cover plate; adjust the mechanism, if necessary, to ensure that a minimal amount of wet
. deposition is being collected. S . - -
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Remove wet-deposition samples carefully and cap them until they are split and field measurements
are made. Measure specific conductance and pH with an electrode that is temperature compensated’
and calibrated by use of low-ionic-strength solutions (Busenberg and Plummer, 1987). Record
calibrations in ink in bound notebooks, which are to be kept with the instrument. Use Gran titration
for acidity measurements (Peden and others, 1986; method 305.6). (See also methods listed under
section 6.1.1 of this manual.) After removal of samples and before installation of new sample bottles,
first rinse all precipitation-catching surfaces and tubing with 5 percent (by volume) hydrochloric acid
solution, then with distilled-deionized water, then with dilute Liquinox solution, and then again with
distilled-deionized water.

Remove dry-deposition material from the collector by sequential rinsing with deionized water from a
wash bottle of known volume (250 mL recommended) and alternate scrubbing with a spatula of inert
plastic. Before rinsing the collector, use tweezers to remove leaves, twigs, and other large pieces of
organic matter. Discard samples containing bird droppings.

QC procedures will depend on the needs of the project but generally consist of a suite of equipment
blanks and replicate samples to ensure that the samples are not contaminated by the sampling
equipment and to verify the analytical procedures of the laboratory, respectively.

Subsequent sample-handling procedures (splitting, preservation, and so on) and laboratory analyses
will depend on the data needs of the project. For low-ionic-strength solutions such as precipitation,
use of ion-balance or specific-conductance comparisons are required as verification of laboratory
analyses.

4.5 Suspended-sediment, bed-material, and bedload samples

The approach to collection of suspended-sediment and bed-material samples differs somewhat from that

of other water-quality work in that the Office of Surface Water (OSW), WRD, oversees QA of the Division’s
sediment programs. In the Ohio District, the District Sediment Specialist is the primary technical contact for
QA/QC-related questions.

QA/QC aspects of sediment studies within the WRD are thoroughly discussed in Knott and others

(1993). Some of the main points of these and other authors as applied to sediment studies in the Ohio District
are summarized below.

35

4.5.1 Site selection

For site selection, project personnel must do a thorough reconnaissance and site analysis and prepare
a complete station description before any data are collected. Depending on the objectives for data
collection, project personnel must select the appropriate equipment, sampling frequency, and visiting
frequency (including visits by observers) to maximize representativeness of the data within the
constraints of project design.

4.5.2 Field methods for suspended-sediment sampling

Once site operations commence, the project chief must ensure that data are collected by use of
acceptable field methods. Comprehensive reports by Edwards and Glysson (1988), Ward and Harr
(1990), and Johnson (1997) are the most recent USGS publications on field methods for collection of
suspended sediment. Ohio District personnel are encouraged to read these works before planning a
sediment-related project and have access to them for subsequent reference. Sediment observers
should be retrained in data-collection methods annually, and their performance needs to be appraised
through checking of their records with each field visit by USGS personnel (Knott and others, 1993,
p. 5).
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Manual suspended-sediment samplers are used at all sediment-data-collection sites; automated samplers
are used to supplement manual measurements at sites where manual measurements cannot efficiently be
made at the desired frequency or in response to rapid changes in streamflow. Types of suspended-
sediment samplers commonly used in the WRD are listed in table 4.5.2-1.

Measurements made with the manual depth- or point-integrating samplers frequently involve multiple
verticals, so project personnel will have to choose between the EDI and EWI approaches for determining
spacing of verticals; strict adherence to the steps outlined in these approaches is crucial for obtaining
accurate sediment data. (See section 4.1.2 for further discussion of these approaches.) Once the spacing
of verticals has been determined, project personnel must choose from among several samplers, container
sizes, and nozzle sizes for making the measurement (tables 4.5.2-2 through 4.5.2-4).

Table 4.5.2-1. Types of suspended-sediment sampiers used by the U.S. Geological Survey

Type of sampler Available models Capacity

Manual samplers

Hand-held depth-integrating samplers DH-48 Pint
DH-59 Pint
DH-75P, Q. H Pint, quart, 2 liters (respectively)
DH-76 Quart
DH-81 Any size bottle with standard Mason threads
(1 liter recommended)
Cable-and-reel depth-integrating sam- D-74, D-7T4AL Pint, quart
plers D-77 3 liter
D-95 1 liter
Cable-and-reel point-integrating sam- P-61 Pint, quart
plers P-63 Pint, quart
P-72 : Pint, quart
Hand-held point samplers Van Dom type 2.2 t0 30.2 liters
Kemmerer type 0.4 to 16.2 liters
Automatic samplers
Pumping-type samplers PS-69 - All listed samplers can be configured
PS-82 to a range of sample sizes.
CS-77

Various commercial models

Sampling procedures to be used with the Van Domn- and Kemmerer-type samplers are given in Ward and
Harr (1990).

If determination of sediment chemistry is a goal, then care must be taken to ensure that the samplers,
sample bottles, and other accessories are constructed of the proper materials for the constituent(s) being
sampled. See section 4.1 for guidelines for choice of equipment, materials, and subsequent sample
handling and processing.
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Table 4.5.2-2. Sediment sampler selection matrix

[All samplers are suitable for sampling suspended sediment. Sampler names shown in italics are also suitable for water-quality sampling if Teflon

and (or) glass parts are used. fus, feet per second]

Maximum velocity in the vertical®

Depth (ft/s)
(feet)
0-2 >2-66 >6.6-89
0-2 Open bortle DH-48 DH-48
DH-48 DH-59 DH-81
DH-59 DH-75
DH-75 DH-76
DH-76 DH-81
DH-81
2-15 Weighted bottle DH-48 DH-48
DH-48 DH-59to S fts D-77 to 8 fus
DH-59 DH-75(H/P/Q) D-77 bag to 8 fUs
DH-75(H/P/Q) DH-76 DH-81
DH-76 DH-81
DH-81 D-49¢
D-49°¢ D-74
D-74 D-77
D-77 D-77AL to 4 ft/s
D-77AL D-77 Bag
P-61 P-61
P-63 P-63
P-72 P-721t0 5.3 fus
>15 Kemmerer P-61 to 180 ft deep Frame-type bag
Van Dorn P-63 to 180 ft deep samplerd

P-61 to 180 ft deep
P-63 to 180 ft deep

P-72 to 72 ft deep

P-72 to 5.3 ft/s and 72 ft deep

D-77 bag

Frame-type bag Samplerd

#The maximum velocity reported for a sampler is the lesser of the maximum calibrated velocity and the maximum velocity at which the
sampler is thought to be hydraulically stable. None of the samplers have been calibrated at velocities higher than 8.9 fi/s.

®None of the samplers collectisokinetic samples at velocities less than approximately 1.5 to 2 ft/s.

¢Sampler is no longer being produced.

9Does not sample isokinetically at velocities less than approximately 3 ft/s.
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Table 4.5.2-3. Sample container sizes for sediment samplers

[Shaded boxes indicate possible sample container sizes)

Sampler Pint Quart 1 liter 2 liter 3liter

DH-48
DH-59
DH-75P

DH-75Q

DH-75H
DH-76
DH-812
D-49
D-74

D-74AL

D-77

D-95
P-50
P-61

P-63

P-72

%Can use any size bottle with standard Mason threads.

Table 4.5.2-4. Maximum depths for selected sample container sizes and nozzle diameters

[Depths are reported in feet. Nozzle diameters are reported in inches]

Maximum depths at sea level for indicated nozzle diameters®

Sample
container size 1/8b 3/16 14 5/16
Pint 15 15 8.7 5.6
Quart 15 15 15 10.4
1 liter 15 15 15 127
2 liters 15 15 15 15
3 liters 15 15 15 15

3For rigid containers without pressure compensation.
YThis diameter nozzle not recommended for field use.
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4.5.3 Field methods for bed-material sampling
Bed-material sampling has traditionally focused on collection of sediments composing the top few
inches of the streambed and having particle sizes of 40 mm or less; these constraints represent the
physical limits of traditional bed-material-sampling devices (Edwards and Glysson, 1988; Ward and
Harr, 1990). Small amounts of fine-grained materials to be analyzed for trace elements and organic
contaminants can be sampled by use of a guillotine sampler or a Teflon scoop, sieved through nylon
cloth, and shipped to the laboratory in a glass jar (Shelton and Capel, 1994, p. 16-18). Coarser bed
materials can be inventoried by a grid-based pebble-count method (Wolman, 1954) or by a

. photographic (Zeiss) technique (Ritter and Helley, 1968). Recently, methods have been developed for
quick freezing and removal of streambed-sediment cores containing the full range of sediment
particle sizes; one such method is described by Palcsak (1996). Types of bed-material samplers used
in the WRD are listed in table 4.5.3-1. A complete discussion of field methods for bed-material
sampling can be found in Radtke (1997).

Certain bed-material samplers must be used with caution. Those with spring-loaded scoops can
seriously damage fingers. The freeze-type samplers require use of high-pressure gases or liquids;
moreover, the devices themselves become cold enough to freeze exposed flesh on contact.

Where to sample bed material in a given stream cross section depends on data-collection goals.
Commonly, bed material is collected at the bottom of the same verticals used in discharge and (or)
suspended-sediment measurements. To avoid collection of bed-material samples from an excessively
disturbed streambed, field personnel should collect bed material before making other measurements,
especially in wadable streams.

Table 4.5.3-1. Types of bed-material samplers used by the U.S. Geological Survey

Type of sampler Available models Use and limitations

Samplers for collection of material
finer than medium gravel

Hand-held samplers Guillotine or Teflon scoop Wadable streams, fine material

BMH-53
BMH-60
BMH-80
Ponar
Ekman
BM-54
Ponar
Shipik
Ekman
Petersen

Cable-and-reel sampler

Wadable streams

Low-velocity streams or lakes

Wadable streams

Streams, fine materials

Streams or lakes; fine, uncompacted material

All types suitable for lakes and streams of -
reasonable depth, except at streamflows

of very high velocity; generally
best for fine sediments

Samplers for collection of material
coarser than medium gravel

Freeze-type samplers Single-tube or tri-tube

Selection of type depends on
kind of bed-material analysis to
be done. See Palcsak (1996)
for description of one type and
references to other types.
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If chemical analyses are to be done, bed-material samples must be chilled to 4°C for holding and
subsequently sieved to exclude particles larger than either 2 or 0.063 mm, depending on analytical needs.

. Metal sieves are used to process bed-material samples for determination of major cations, nutrients,
chemical oxygen demand, volatile solids, moisture content, radioelements and isotopes, and organic
constituents. Plastic screens are used to process samples for determination of trace elements. Details on
processing, storage, and shipment of bed-material samples for chemical analysis are given in Ward and
Harr (1990) and in Shelton and Capel (1994).

4.5.4 Field methods for bedload sampling

Bedload is sediment that moves by sliding, rolling, or bouncing along on or near the streambed. Thus, it
is typically not represented either in suspended-sediment samples (which may be collected above much
of the bedload) or bed-material samples. The Federal Interagency Sediment Project (FISP) sampler is
currently (1996) the recommended sampler for use in USGS work. This sampler, which is similar to the
Helley-Smith sampler commonly used in the 1970’s and 1980’s, consists of a frame to which an
expanding nozzle and a collection bag are attached.

Determining how to sample a cross section and calculate bedload discharge involves complicated
procedures that cannot be summarized here; details of these procedures are given in Edwards and
Glysson (1988) and in Office of Surface Water Technical Memorandum 90.08. (Although the
procedures in Edwards and Glysson refer specifically to the Helley-Smith sampler, they are applicable
for use with the FISP sampler.)

4.5.5 Record keeping, data processing, and quality-assurance reports
Observers must record all necessary sample information on a summary form. Project personnel must
record sample information, equipment maintenance, and other pertinent observations on a field-
inspection form. Field notes and sample labels must be correct and complete, and ancillary

. measurements (streamflow, water temperature, stage) must be of acceptable accuracy (Knott and others,
1993, p. 4). A plan should be in place for project staff to interact frequently with observers and for
sediment records to be compiled and entered into the appropriate data bases within a reasonable amount
of time. A file documenting all activity at and analyses for each sediment station must be established and
maintained.

Reports include annual QA/QC reports submitted by the District Chief to the Regional Hydrologist,
reports resulting from periodic surface-water reviews by teams from outside the Ohio District, and
annual QA/QC reports from all laboratories doing sediment work for the district.

4.5.6 Laboratory work

Virtually all of the Ohio District’s sediment analyses are done by contract laboratories. Sediment
laboratories used by the Ohio District must follow QA/QC procedures that are consistent with those of
the USGS, as outlined in Office of Surface Water (OSW) Memorandum 98.05, Matthes and others
(1991), and Knott and others (1992, 1993). QA goals include use of accepted methods, equipment, and
reagents; target accuracies for the measured properties and methods; correct and complete entry of
information on laboratory forms; and analysis of all samples within 90 days of receipt.

4.6 Solid-phase samples
Techniques for the collection and processing of solid-phase samples and associated QA/QC procedures are
discussed below. Solid-phase samples include consolidated and unconsolidated core samples, mine spoil, and
man-made solids such as fly ash. Although mine spoil and man-made materials are typically associated with sur-
. face deposits, the focus of this section is on samples collected from.subsurface formations.
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4.6.1 Site documentation

Perform a thorough reconnaissance and site analysis before any samples are collected. Also, consult
records kept by the Ohio Department of Natural Resources, Division of Oil and Gas, and the Division
of Water, to determine if any drilling logs exist for the area where subsurface sample collection is
planned. Determine the location and elevation of borehole to third-order accuracy by use of standard
surveying methods (Moffit and Bouchard, 1992).

During drilling, detailed lithologic logs are to be kept by the driller and the project chief. Core
samples need to be clearly labeled with respect to the time and date of sampling, well or borehole
number, depth interval represented, percent recovery over sampled interval, and types of chemical or
physical analyses to be done on the samples. Results of any onsite chemical analyses of core samples
(such as VOC screening) must also be documented on the drilling log. QA/QC procedures associated
with such onsite analyses are to be clearly written up in the project QA/QC plan.

4.6.2 Sample collection and processing ‘

Core samples of competent rock are collected by diamond rotary drilling, a technique in which a
circular diamond-coated bit is used to bore through rock and obtain a solid core. Samples of cuttings
obtained by mud-rotary or cable-tool methods are useful for lithologic characterization but are not to
be used for chemical analyses because they can be mixed with cuttings from shallower parts of the
borehole or with drilling fluids. Sediment samples from unconsolidated deposits are usually obtained
by use of either the cable tool or hollow-stem auger drilling methods. Rotasonic drilling combines
rotation and high-frequency vibration to advance the core barrel to depths approaching 250 ft in
unconsolidated deposits (Wright and Cunningham, 1994). Detailed descriptions of the various
drilling methods and types of samplers used to collect geologic materials in unconsolidated deposits
are given in Ohio Environmental Protection Agency (1995) and Lapham and others (1997). Methods
for collecting and processing microbial samples in unconsolidated deposits can be found in
McMahon and others (1992) and Chapelle (1993; p. 211-231).

Once formation samples are collected, the sample must be processed or preserved. Most consolidated
cores are placed in wooden or cardboard core boxes for storage, and samples for chemical,
petrographic, or physical analysis are extracted from the cores at a later date. Sampling strategies for
cores will vary by project objective; cores may be subdivided by lithology, presence of weathered or
mineralized horizons, or hydrogeologic properties such as porosity. Sampling techniques may include
grab sampling or compositing of selected intervals of the core. Unconsolidated sediment samples are
placed in plastic (or Teflon) bags. Samples for chemical analysis are to be taken from the center of the
core if possible; material in contact with the sampler is to be excluded to avoid contamination from
drilling fluids, overlying strata, or ground water. Clay and other fine-grained core samples collected
for permeability measurements are typically collected in thin-walled metal tubes (Shelby tubes).
Samples collected in this manner are stored in the tubes, filled at both ends with sand (to prevent
movement of the core material), capped, and sealed at both ends with tape or paraffin to prevent
desiccation. Permeability samples collected by other methods (rotary drilling) are to be stored in
plastic bags or wrapped in aluminum foil to prevent desiccation. If oxidation of reduced solid phases
in the samples (for example, sulfides or organic carbon) is a concemn, then core samples need to be
chilled or frozen or placed in sealed containers flushed with nitrogen gas. If the study of microbial
populations is the objective, subsamples collected from the center of the core must be chilled but not
frozen (Chapelle, 1993). Submission of replicate core or sediment subsamples is recommended to
permit assessment of laboratory variability.

QA activities associated with the collection and processing of core samples are designed to prevent
contamination of samples and the environment by drilling equipment. The most important QA
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activity is thorough decontamination of drilling and sampling equipment. Decontamination of equipment
is required to ensure that representative samples are collected and that cross-contamination between sites
or vertical intervals of individual boreholes does not occur. A typical decontamination procedure would
involve washing the equipment with a soap solution followed by rinses with clean tap water and distilled
water. Rinses with methanol or dilute acid solutions prior to the tap-water and distilled-water rinses may
be necessary, depending on project objectives. Steam cleaning also may be done, especially where
organic contaminants are suspected.

Precautions also must be taken to ensure that materials used during the drilling process, such as drilling
mud or water, do not introduce contaminants to the formation. If drilling mud or water are used during
the drilling process, collect samples of these fluids and have them analyzed for constituents of concem.
Also, submit several equipment blanks to assess the efficiency of equipment decontamination
procedures. Descriptions of decontamination plans and procedures are given in Aller and others (1991),
Ohio Environmental Protection Agency (1995), and Lapham and others (1995, 1997).

5.0 Handling and documentation of samples

Before, during, and after the sample is collected, proper handling and documentation are essential to ensure
the integrity of the sample and the correct reporting of data results. The correct order of activities for handling and
documenting samples is outlined in the following paragraphs.

5.1 Sample identification, labeling, documentation, handling, packaging, and shipping

5.1.1 Before field activities
The project team is responsible for all field preparations associated with handling and documentation of
samples. Preparations for field activities are detailed in Wilde and others (1998a).

The station identification number (station ID) and site name are established by the project chief by
consulting the existing list of GWSI sites referenced by county (located in the Information Officer’s
office) and the GWSI administrator. Procedures for establishing and naming sites have been documented
by USGS Indiana District personnel (Martin and Cohen, 1994), and these same procedures are to be used
in the Ohio District. Except at locations of established USGS gaging stations, station ID’s are generally
determined by the latitude and longitude of the site. General site data, including site location, station
name, and the 15-digit station ID must be entered into the GWSI data base before water-quality samples
are collected. If this information is not entered before water-quality samples are collected, the samples
cannot be entered into the Ohio District water-quality data base (see section 8.1).

Preprinted bottle labels are made by the project team and must include the station ID, site name, and
spaces for the date, time, and sample collector. If the NWQL is doing the analyses, the project team must
determine laboratory codes and schedules that correspond to the target constituents and desired methods.
A list of laboratory codes and schedules can be obtained from Timme (1995), from the NWQL Services
Catalog, or the Schedules, Parameters, and Network Records (SPiN) on the World-Wide Web at
http://wwwnwql.cr.usgs.gov/USGS. The project team should write up a field checklist; supplies are then
assembled by project team members. Consult the above references or the Laboratory Coordinator for
correct bottle types and write the bottle designations on the bottles. The sample bottles are organized into
mesh bags containing the bottles needed for each sample site.

A water-quality site-field folder is prepared by. the project.team for each site. For all sites, at the
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minimum, the folder will contain the station description, maps to the site, field equipment checklist,
field note forms, sampling and processing instructions, safety information, preprinted labels, and
plots of expected field values, For surface-water sites, include a cross-section profile of the channel
(stream). For ground-water sites, include permission documents for site access, well construction and
driller’s log, and water-level records. A complete list of data to be stored in site-file folders is found
in Martin and Cohen (1994) or by consulting the District Water-Quality Specialist.

5.1.2 During field activities

Take clear, concise field notes at the time of sample collection on standard ground-water and surface-
water field forms, available from the QWSU. If the standard forms are not used, it is the
responsibility of the project chief to develop a project-specific form with approval from the District
Water-Quality Specialist. Check field notes for errors and completeness before leaving the site. Write
the date, time, and collector’s initials on preprinted labels with waterproof ink. Compute alkalinity
and acidity values in the field to ensure that the analysis was done correctly. After sample collection,
store the tightly capped, labeled bottles as appropriate for the type of sample; for example, nutrients
and organics must be stored in a refrigerator or cooler at 1 to 4°C (Timme, 1995). Make sure labels
are securely affixed and protected with plastic so that they will not come off if stored in a cooler with
ice.

Because the collection of water-quality data in the field is frequently hazardous, the safety of all field
personnel is a primary concern. Field teams often work under extreme environmental conditions and
may come in contact with waterborne and airborne chemicals and pathogens while sampling. Field
work involves the transportation and use of equipment and chemicals. Beyond the obvious negative
consequences of unsafe conditions on field personnel, such as accidents and personal injuries, the
quality of the data also may be compromised when sampling teams are exposed to dangerous
conditions (Schertz and others, 1998). Guidelines pertaining to safety in field activities are provided
in Lane and Fay (1998) and Yobbi and others (1995); guidance can also be obtained from the District
Safety Officer. .

5.1.3 After field activities

Analytical Service Request Forms (ASR’s) must be included with all samples sent to the NWQL. It is
the responsibility of the project chief to ensure accurate and thorough completion of the ASR.
Alternatively, if an outside laboratory is being used, the project chief may develop similar forms for
use by the contract laboratory. (Alternative forms must be approved by the District Water-Quality
Specialist.)

The following sample information on the ASR is mandatory: station ID, project account number,
beginning date and time, state code, district user code, and requested schedules and/or labcodes. In
addition, because all WRD water-quality data are stored in the USGS National Water Information
System (NWIS) database, NWIS codes for sample medium, analysis status, analysis source,
hydrologic condition, sample type, and hydrologic event are also mandatory. These codes are on the
cover of ASR pads, on the supplementary page of field forms, and in the NWIS users manual on the
World-Wide Webb at http://wwwnwis.er.usgs.gov/; they may also be obtained from the District
Water-Quality Specialist. Include the project chief’s name and phone number on the ASR; this
information is not mandatory but helps NWQL personnel in the event of problems or questions.
Alkalinity, acidity, pH, and specific conductance values are included on the ASR, if available, to aide
NWQL personnel in completing QA/QC checks. Include information about the number and types of
bottles sent at the bottom of the ASR. Enclose ASR’s in water-tight bags before shipment. When
shipping chilled samples, include a bottle filled with water in the cooler for a temperature check upon
arrival at the laboratory and a return form for the laboratory to fill out. Include a return shipping label
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with the 11-digit project identification number (for example, 39-4439xxxxx) to expedite return of
coolers and to ensure that return shipping costs are billed to the appropriate project. Check sample bottle
labels against information on the ASR’s to ensure that all information is consistent.

All of the effort and time spent in sample collection will be wasted if samples deteriorate between the
time of collection and time of analysis. Maximum holding times for samples that have been properly
preserved are given in Pritt and Raese (1995). Include 2 days for shipping when determining when to
send samples based on maximum holding times. Generally, chilled samples are to be shipped within 24
hours after collection, and should be shipped from the field. The types of suitable shipping containers are
discussed in Ward and Harr (1990), and recommendations to district offices for shipping samples to the
NWQL are discussed in OWQ Technical Memorandum 92-06 and NWQL Technical Memorandum 95-
04. Within 5 working days of shipping samples, sample information is to be entered into the appropriate
data base, as described in the NWIS users manual and in section 8.1 of this report. Contact the District
Water-Quality Specialist for instructions.
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Table 5.1-1. Summary of activities and references for procedures for handling and documentation of samples

Activity

Reference

Before field activities

Establish station identification number and enter site information into
Ground Water Site Inventory (GWSI)

Determine laboratory schedules and supplies needed, assemble supplies

Assemble bottle types and use preprinted bottle labels

Martin and Cohen, 1994
Consult GWSI administrator
Consult Information Officer

Timme, 1995, p. 17-74

National Water Quality Laboratory Services Catalog or Sched-
ules, Parameters, and Networks (SPiN) Record on the
World-Wide Web at http://wwwnwql.cr.usgs.gov/USGS

Consult District Water-Quality Specialist

Timme, 1995, p. 9-11
SPiN Program
Consult Laboratory Coordinator

During field activities

Complete clear, concise field notes

Compute alkalinity and acidity values

Store bottles as appropriate for type of sample

Follow safety guidelines

Consult District Water-Quality Specialist

Field forms, available from Quality of Water Service Unit,
Ocala, Florida

Timme, 1995, p. 17-19

Lane and Fay, 1998

After field activities

Verify field alkalinity values

Complete Analytical Service Request (ASR) Forms

Mail samples to the laboratory in appropriate containers and within appro-
priate holding times

Enter samples into the data base within 5 working days after shipping sam-
ples

Consult District Water-Quality Specialist for current computer
program and calculation procedures

Project chief in consultation with District Water-Quality Spe-
cialist

NWIS users manual on the World-Wide Web at http://wwwn-
wis.er.usgs.gov/

Pritt and Raese, 1995

Ward and Harr, 1990, p. 66-67

Office of Water Quality Technical Memorandum 92-06 and
National Water Quality Laboratory Technical Memorandum
95-04

NWIS users manual on the World-Wide
Web at http://wwwnwis.er.usgs.gov/
Consult District Water-Quality Specialist

5.2 Chain of custody procedures and documentation

When chain of custody procedures are appropriate or required, project personnel must establish, main-
tain, and document the custody of field samples. A sample is considered to be in custody if it is (1) in your pos-
session, (2) in your view, after being in your possession, (3) sealed or secured to prevent tampering after being
in your possession, or (4) placed in a designated secure area after being in your possession. Sample chain of
custody documentation includes (1) sample identification, (2) pertinent information on sample collection, (3)
sample source, (4) preservative, (5) required analyses, (6) name(s) of sample collector, (7) time(s) it was in his/

her possession, and (9) space for signatures of custodians (those individuals having sample custody).
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Containers used for shipment of samples are sealed with custody seals, which are signed and dated by
the shipper and covered with tape. Before the shipper is released from custody of the samples, laboratory per-
sonnel receiving the samples carefully examine the shipping container to ensure that opening or tampering
with the container has not occurred. The compléted chain of custody record form Vverifying sample custody
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from collection to receipt at the laboratory is usually included as part of the analytical results data package. A
copy of the chain of custody documentation is kept permanently by all custodians. If chain of custody documenta-
tion is not maintained, sample results may not be allowable as evidence in legal proceedings.

Each laboratory generally follows its own internal chain of custody procedures for sample tracking. The
project chief should refer to the District Water-Quality Specialist or laboratory personnel for more information on
laboratory chain of custody procedures.

6.0 Operation, preventive maintenance, and calibration of field and laboratory
equipment

All equipment used by District personnel for the collection and processing of water-quality samples is to be
properly operated, maintained, and calibrated. For correct operation of any field or laboratory equipment, care-
fully follow the operating guidelines of the manufacturer. Calibration and maintenance records of field equipment
are to be kept by the project personnel in equipment books; those records of District laboratory equipment are to
be kept by the District Laboratory Coordinator. Calibration and maintenance records are to be recorded in bound
notebooks, in ink, and are checked annually for completion and accuracy by the Distr<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>