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Foreword

The mission of the W ater Resources Discipline of the U.S.
Geological Survey (USGS) is to pro vide the information and
understanding needed for wise management of the Nation’s
water resources. Inherent in this mission is the responsibility to
collect data that accurately describe the physical, chemical, and
biological attributes of water systems. These data ar e used for
environmental and resource asses sments by the USGS, other
government agencies and scie ntific or ganizations, and the
general public. Reliable and quality-assured data are essential to
the credibility and impartiality of the water-resources appraisals
carried out by the USGS.

The development and use of a National Field Manual is
necessary to achie ve consistency in the scientific methods and
procedures used, to document those methods an d procedures,
and to maintain technical e xpertise. USGS field personnel use
this manual to ensure that the da ta collected are of the quality
required to fulfill our mission.

Robert M. Hirsch
Associate Director for Water
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Chapter A4.
COLLECTION OF
WATER SAMPLES

Revised 2006
Franceska D. Wilde, Editor

ABSTRACT

The National Field Manual for the Collection of Water-Quality Data
(National Field Manual) describes protocols and provides guidelines
for U.S. Geological Survey (USGS) personnel who collect data that
are used to assess the quality of the Nation’s surface-water and
ground-water resources. This chapter addresses preparations and
appropriate methods for the collection of surface-water, ground-
water, and associated quality-control samples. Among the topics
covered are considerations and procedures to prevent sample
contamination; establishing site files; instructions for collecting
depth-integrated isokinetic andnonisokinetic samples at flowing- and
still-water sites; and guidelines for collecting formation water from
wells having various types of construction and hydraulic and aquifer
characteristics.

Collection of Water Samples (Version 2.0, 9/2006) Introduction
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INTRODUCTION

As part of its mission, the U.S. Geological Survey (USGS) collects
the data needed to assess the quality of our Nation’s water resources.
The National Field Manual for the Collection of Water-Quality Data
(National Field Manual) describes protocols (requirements and
recommendations) and provides guidelines for USGS personnel who
collect those data on surface-water and ground-water resources.
Chapter A4 provides information about the collection and quality
control of water samples for investigations and assessments of
environmental water quality. Formal training and field
apprenticeship are necessary in order to implement correctly the
procedures described in this chapter.

The National Field Manual is Section A of Book 9 of the USGS
publication series "Techniques of Water-Resources Investigations"
(TWRI) and consists of individually published chapters designed to
be used inconjunction with eachother. Chapter numbersare preceded
by an “A” to indicate that the report is part of the National Field
Manual. Other chapters of the National Field Manual are referred to
in this report by the abbreviation "NFM" and the specific chapter
number (or chapter and section number). For example, NFM 6 refers
to Chapter A6 on "Field Measurements" and NFM 6.4 refers to the
section on field measurement of pH.

The procedures described in this chapter represent protocols that
generally are applicable to USGS studies involving the collection of
water-quality data. Modification of required and recommended
procedures to fulfill study objectives or to enhance data quality must
be documented and published with the data and data interpretation.

PURPOSE AND SCOPE

The National Field Manual is targeted specifically toward field
personnel in order to (1) establish and communicate scientifically
sound methods and procedures, (2) provide methods that minimize
data bias and, when properly applied, result in data that are
reproducible within acceptable limits of variability, (3) encourage
consistent use of field methods for the purpose of producing
nationally comparable data, and(4) provide citable dacumentation for
USGS water-quality data-collection protocols.

U.S. Geological Survey TWRI Book 9 Chapter A4. (Version 2.0, 9/2006)
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The purpose of this chapter of the National Field Manual is to provide
field personnel and other interested parties with a description of the
requirements, recommendations, and guidelines routinely used in USGS
studies involving the collection of water-quality samples from bodies of
surface water and ground water. The information provided covers topics
fundamental to the collection of water samples that are representative of
the ambient environment. The information provided does not attempt to
encompass the entire spectrum of data-collection objectives, site
characteristics, environmental conditions, and technological advances
related to water-quality studies. Also beyond the scope of this chapter is
discussion of procedures to collect samples for analysis of suspended or
biological materials. Collection of data related to onsite measurements
such as pH and alkalinity is addressed in NFM 6, while collection of
biochemical and microbiological data is addressed in NFM 7.

REQUIREMENTS AND RECOMMENDATIONS

As used in the National Field Manual, the terms required and
recommended have USGS-specific meanings.

Required (require, required, or requirements) pertains to USGS
protocols and indicates that USGS Office of Water Quality policy has
been established on the basis of research and (or) consensus of the
technical staff and has been reviewed by water-quality specialists and
other professionals who have the appropriate expertise. Technical
memorandums or other deuments that define the policy pertinent to such
requirements are referenced in this chapter. USGS personnel are
instructed to use required equipment or procedures as described herein.
Departure from or modifications to the stipulated requirements that
might be necessary to accomplishing specific data-quality requirements
or study objectives must be based on referenced research and good field
judgment, and be quality assured and documented.

Recommended (recommend, recommended, recommendation) pertains
to USGS protocols and indicates that, on the basis of research and (or)
consensus, the USGS Office of Water Quality recognizes one or several
acceptable alternatives for selecting equipment or procedures. Specific
data-quality requirements, study objectives, or other constraints might
affect the choice of recommended equipment or procedures. Selection
from among the alternatives must be based on referenced research and
good field judgment, and reasons for the selection shodd be documented.
Departure from or modifications to recommended procedures must be
quality assured and documented.

Collection of Water Samples (Version 2.0, 9/2006) Introduction
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FIELD MANUAL REVIEW AND REVISION

Chapters of the National Field Manual are reviewed, revised, and reissued
periodically to correct any errors, incorporate technical advances, and
address additional topics. Comments or corrections can be mailed to
NFM-QW, USGS, 412 National Center, Reston, VA 20192 (or by e-mail to
nfm-owq@usgs.gov). Newly published and revised chapters are posted on
the USGS Web page "National Field Manual for the Collection of
Water-Quality Data." The URL for this page is:
http://pubs.water.usgs.gov/twri9A/. The page contains links to an errata
page and to the chapters of the National Field Manual. Information
regarding the status and any errata of this or other chapters can be found
near the beginning of the Web page for each chapter. Near the bottom of
each chapter’s Web page are links to archived versions.
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COLLECTION OF A4
WATER SAMPLES

This chapter of the National Field Manual (NFM) describes standard
USGS methods (sampling strategies, techniques, requirements, and
recommendations) for the routine collection of representative water
samples. Sample collection forms a continuum with sample
processing; therefore, the information in this chapter overlaps with
some of the information in NFM 5, Processing of Water Samples.

SAMPLING:
The act of collecting a portion of

material for analytical purposes that
accurately represents the material
being sampled with respect to
stated objectives.

Modified from Standard Methods, 1060A
(APHA and others, 2001)

Before sample collection begins, field personnel must take steps to
ensure that the samples collected will be representative of the aqueous
system being investigated. A representative sample is one that typifies
(“represents”) in time and space that part of the aqueous system to be
studied, and is delineated by the objectives and scope of the study.

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9
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Obtaining representative samples is of primary importance for a relevant
description of the environment. In order to collect arepresentative sample
that will yield the information required, (1) study objectives, including

data-quality requirements,1 must be understood in the context of the
water system to be sampled, and (2) artifacts of the sampling process

must be minimized.? Field personnel must be alert to conditions that
could compromise the quality of a sample.

» Collect a representative sample. Use appropriate methods and
quality-assurance measures to ensure that the field sites selected
and the samples collected accurately represent the environment
intended for study and can fulfill data-quality objectives.

» Think contamination! To ensure the integrity of the sample, be
aware of possible sources of contamination. Contamination
introduced during each phase of sample collection (and
processing) is additive and usually is substantially greater than
contamination introduced elsewhere in the sample-handling
and -analysis process. Therefore, collect a sufficient number of
quality-control samples, appropriately distributed in time and
space, to ensure that data-quality objectives and requirements
are met (section 4.3).

'As used in this report, data-quality requirements refer to that subset of data-quality
objectives pertaining to the analytical detection level for concentrations of target
analytes and the variability allowable to fulfill the scientific objectives of the study.
2 The degree to which a sample can be considered representative of a water body
depends on many interrelated factors including, for example, temporal and spatial
homogeneity of the water body, sample size, and the method and manner of sample
collection.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9
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4.0

RESPONSIBILITIES, FIELD
PREPARATIONS,

AND PREVENTING
SAMPLE CONTAMINATION

This section of the NFM presents guidelines, requirements, and recom-
mendations for USGS field personnel as they prepare for sample collec-
tion at field sites. Collecting comparable data over the duration of the
sampling effort and among sampling sites is necessary for a valid analysis
and interpretation of the data. This usually requires consistent use of the
methods and equipment selected and collection of sufficient quality-con-
trol data to verify the quality and comparability of the data collected.

USGS data-collection efforts often take a whole-system approach,
meaning that the data-collection methods used are designed so that the
entire stream reach or aquifer volume is represented. A modified
approach is needed for studies in which samples are representative of a
specific portion or aspect of an aqueous system; for example, a study of
aquatic ecology may establish nearshore boundaries on the system of
study, and an oil-spill study may target only the surface of a water-table
aquifer.

» What do your data represent? Data collectors need to know what
questions the data being collected are meant to address, and
understand the level of accuracy and precision that are needed in the
data to answer those questions. The data are no better than the
confidence that can be placed in how well the sample represents the
aqueous system (Horowitz and others, 1994). Therefore,
understand the purpose for which the various types of data will be
collected and the aqueous system that each sample should
represent.

» Are your data of appropriate quality? Quality-control samples
yield information by which confidence brackets can be applied to
the environmental data. Field quality control is vital for data
interpretation and assessment and yields different information than
laboratory-performed quality-control checks.

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9
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Data quality begins before the first sample is collected,
by taking care to use proper equipment, being aware of

data-quality requirements, and being alert to potential
sources of sample contamination.

401 RESPONSIBILITIES AND FIELD
PREPARATIONS

Field personnel are responsible for their safety and for the quality of
the work performed.

» Never compromise the safety of field personnel. Be familiar
with the safety requirements and recommendations described in
NFM 9. Get the appropriate training and certification needed if
you will be working at sites designated as hazardous.

» Collect data of known quality. Fundamental to water-quality
sampling is the fact that the quality of the analytical results can
be no better than the quality ofhe sample on which the analyses
were performed. The sample collector has primary
responsibility for the quality and integrity of the sample up to
the time that the sample is delivered to the analyzing laboratory
or office. Data quality is determined from analysis of quality-
control data.

» Know what you need to do. Before departing for field work,
review the workplan, and plan for the types of measurements
and samples specified.

— Be thoroughly familiar with your study objectives and
requirements. Sampling plans, including quality-assurance
and equipment requirements, need to be prepared and
reviewed in advance. Some programs require a prescribed
format for sampling, quality-assurance, and safety plans.
Some projects require chain-of-custody documentation.

— Review and understand the USGS protocols for collecting
and processing your samples before field work begins.
Obtain and keep current with training and the laboratory
requirements associated with your data-collection activities.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9
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All details of a field trip need to be planned well in advance (fig. 4-1).
Adequate time must be scheduled in the workplan to review data
requirements and make field-trip preparations; a common mistake is to
put off these activities until the last minute (table 4-1).

» Make reconnaissance trips before selecting repeat sampling
sites, if possible.

— Note conditions that could affect sampling operations (such
as the seasonal high or low streamflow, flowing or low-flow
wells, or site-access peculiarities).

— Evaluate potential sources of contamination at the site,

based on the analytes3 to be targeted in the sample analysis.

» Review site files and field folders (see sections 4.1.1 and
4.2.1). Check the site location, description, and access. Review
any previously collected physical, chemical, and biological
data.

» When selecting field equipment, understand the physical and
chemical limitations of each piece of equipment, in order to
meet data-collection objectives and data-quality requirements
(refer to NFM 2). Verify and test, if possible, the operational
range of the sampling equipment to be used.

3"Targf:t analyte" refers to an y chemical or biological substance for which
concentrations in a sample will be determined. Target analyte does not include field-
measured properties such as temp erature, specific electrical conductance
(conductivity), dissolved-oxygen concentration, pH, Eh, alkalinity, color, or turbidity.
The Concise Chemical and Technical Dictionary, 4th edition (Bennett, 1986) defines
"analyte" as "Substance being determined in an analysis."

Chapter A4. Collection of Water Samples U.S. Geological Survey TWRI Book 9
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» Prepare a workplan and checklists.

— The workplan delineates study activities and establishes the
timeframe in which the activities are to be completed
(table 4-1).

— Checklists help ensure that equipment and supplies will be
ordered on time, that data-collection activities will be com-
pleted appropriately, and that data-quality requirements will
be met (fig. 4-1). Generic checklist items apply to most stud-
ies, and the checklist customized for specific study require-
ments (for example, special equipment or supplies,
quantities of equipment and supplies, number of batteries,
and types of sample bottles and other equipment).

» Data management. Field personnel also are responsible for
providing the necessary informaton to establish USGS National
Water Information System (NWIS) site files for each sampling
site and for checking to see thatthe site file is functional, that the
information it contains is correct, and that updates are made
promptly. NWIS is the hydrologic data base for the USGS, and
includes the following subsystems in which study site files are
to be maintained:

— Quality-of-Water Data (QWDATA) — contains field and
laboratory data.

— Automatic Data Processing System (ADAPS) — contains
time-series information.

— Ground-Water Site Inventory (GWSI) — contains aquifer
and ground-water site information.

PLAN AHEAD! Take adequate time to prepare.

Collection of Water Samples, Version 2.0 (9/2006) U.S. Geological Survey TWRI Book 9
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Table 4-1. Example of work-schedule elements

Work-schedule
elements

Examples of items or activities
in checklists

Completed
by

Calendar of planned field
trips

Prepare calendars/checklists that include
sampling dates, members of field team,
vehicle(s) to be used.

Presampling activities

Prepare checklists (see figs. 4-1 and 4-7).
Prepare NWIS site files.

Postsampling activities

Update field folders and computer files.

Log in samples (Analytical Services Request
form).

Store and dispose of hazardous materials
properly.

Check that all equipment is clean and
properly stored.

Field equipment and sup-
plies

Prepare lists of equipment/supplies for each field
site (see NFM 2).
Prepare a list of items to be ordered.

Equipment/supplies main-
tenance and
testing

Prepare a checklist of maintenance/testing for
field-measurement instruments (see NFM 6).

Test sample-collection and processing
equipment.

Charge or replace batteries.

Sample-collection,
-processing,
-shipping, and
-documentation
information and
supplies

Prepare headers on forms (such as field, chain-
of-custody, and Analytical

Services Request forms); prepare bottle labels.

Prepare lists of chemical constituents, with
respect to: analytical schedules, methods,
laboratory codes; bottle type and volume;
sample handling, chemical treatment and
preservation procedures; sample
shipment; quality-control samples.

Field-folder contents

Prepare a list of logistical information needed
for each site, such as permission to access site,
keys, maps.

Safety equipment and
information

Keep a copy of NFM 9 for field use and list
special considerations for the site, such as
personal flotation devices.

Chapter A4. Collection of Water Samples
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FIELD-TRIP PREPARATIONS

PROJECT:
SITES: DATE:
v Prefield activity Comments
Order supplies Ordered 3 cases Ultrex for site #2
Completed on , by
Prepare deionized water (in-house Last change of cartridges, on
system) Last chemical analysis on s

Check prior laboratory analysis by

Conductivity chec’ks out, by

Check expiration dates on reagents Need conductivity standard(s)
Need pH buffer(s)

Clean and test equipment Completed on , by
Problems

Collect equipment blanks Completed on , by
Results reviewed by (Water-quality

specialist or project chief)
Clean sample bottles Completed on , by
Label sample bottles, prepare field Completed on , by
forms
Obtain permission for site access Completed on , by
Check field vehicle for safety equip- | Completed on , by

ment and supplies, such as mate-
rial safety data sheets, flares, and
remote communications system

(NFM 9)
Charge/replace batteries Completed by
Update field folder Completed by
Make travel reservations, arrange- Completed by
ments
Provide supervisor with field-trip Provided on to

and call-in (check-in) schedule

Vehicle maintenance Check fluids, battery, tires, lights, cleanliness.

Other

Figure 4-1. Example of a presampling activities checklist.
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PREVENTING SAMPLE 4.0.2
CONTAMINATION

The USGS prescribes specific protocols for avoiding contamination of
water samples. In addition, collection of quality-control samples (sec-
tion 4.3) — scaled as appropriate to the objectives of the study and site
conditions — is mandated to check for, address, and measure sample
contamination and any resulting bias to the data. The most common
causes of sample contamination during sample collection include poor
sample-handling techniques, input from atmospheric sources, inade-
quately cleaned equipment, and use of equipment constructed of mate-
rials inappropriate for the analytes targeted for study. To prevent or
minimize sample contamination from these sources:

» Implement good field practices, summarized on table 4-2.

» Use Clean Hands/Dirty Hands sampling techniques,
summarized on table 4-3.

USGS clean-sampling procedures (sometimes called the parts-per-
billion or ppb protocol) involve (1) using equipment that is
constructed of noncontaminating materials (NFM 2) and thathas been
cleaned rigorously before field work and between field sites (NFM 3);
(2) handling equipment in a manner that minimizes the chance of
altering ambient sample composition; (3) handling samples in a
manner that prevents contamination; and (4) routinely collecting
quality-control (QC) samples. Good Field Practices and Clean
Hands/Dirty Hands (CH/DH) are an integral part of routine
USGS water-quality field work.
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The nine major elements that comprise Good Field Practices are listed
on table 4-2. Four of the principles are further clarified below.

Field rinse equipment. Field rinsing of equipment used to col-
lect or process samples should not be confused with the proce-
dures used for equipment cleaning or decontamination;
directions for field rinsing specific types of surfac