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Executive Summary

Executive Summary

This manual focuses on volunteer estuary monitoring. As concern over the well-being of the
environment has increased during the past couple of decades, volunteer monitoring has become an
mtegral part of the effort to assess the health of our nation’s waters. Government agencies, often
strapped by financial limitations, have found that volunteer programs can provide high-quality, reliable
data to supplement their own water quality monitoring programs.

It may seem obvious, but should nonetheless be stated: without individual volunteers who commit
their time and energy to the effort, there would be no volunteer monitoring programs. As people
learn more about how an estuary functions and come to recognize its signs of distress, their concern for
its future is increased. So too is their commitment to its protection.

Thus, volunteer monitoring of estuaries has grown significantly from the early programs that monitored
only a few simple parameters. As these monitoring programs have developed, so has the interest of the
Environmental Protection Agency (EPA), which has supported volunteer monitoring since 1987. The
EPA sponsors national symposia on volunteer monitoring, publishes a newsletter for volunteers, has
developed guidance manuals and a directory of volunteer organizations, and provides technical support
to volunteer programs. Through these efforts, the EPA hopes to foster the interest and support of state
and other agencies in these programs.

The EPA developed this manual as a companion to three other documents:
o JVolunteer Water Monitoring: A Guide for State Managers;
o JVolunteer Lake Monitoring: A Methods Manual; and
e JVolunteer Stream Monitoring: A Methods Manual.

This document presents information and methodologies specific to estuarine water quality. Both the
organizers of volunteer programs and the volunteers themselves should find it of use.

The first eight chapters of the manual deal with typical issues that a new or established volunteer
estuary monitoring program might face:

¢ understanding estuaries, what makes them unique, the problems they face, and the role of
humans in solving the problems;

e cstablishing and maintaining a volunteer monitoring program;

¢ working with volunteers and making certain that they are well-positioned to collect water
quality data safely and effectively;

 cnsuring that the program consistently produces data of high quality; and

¢ managing the data and making it available to data users.

Xi
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Executive Summary

The remaining chapters focus on several water quality parameters that are important in determining
the health of an estuary. These chapters are divided into three units, which characterize the
parameters as measures of the chemical, physical, or biological environment of the estuary.

The significance of each parameter and specific methods to monitor it are detailed in a step-by-step
fashion. The manual stresses proper quality assurance and quality control techniques to ensure that
the data are useful to state agencies and any other data users.

References are listed at the end of each chapter. Appendices containing additional resources are also
supplied. These references should prove a valuable source of detailed information to anyone
interested in establishing a new volunteer program or a background resource to those with already
established programs.

Xii
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The inspiration for this manual comes from the people who are dedicated to

monitoring estuaries and the environment around them. The people who create
volunteer monitoring programs and the people who serve as volunteer monitors
care deeply about their estuaries, are concerned about their watersheds, and want

the opportunity for more community involvement.
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Chapter 1: Infroduction

Where Would Estuaries Be Without Volunteer Monitors?

The inspiration for this manual comes from
the people who are dedicated to monitoring
estuaries and the environment around them.
The people who create volunteer monitoring
programs and the people who serve as
volunteer monitors care deeply about their
estuaries, are concerned about their
watersheds, and want the opportunity for more
community involvement.

Estuary volunteer monitoring programs give
men, women, and children a priceless
opportunity to intimately know the many
spectacular riches of the estuarine
environment. As people learn more about how
an estuary functions and come to recognize its
signs of distress, their concern for its future 1s
mcreased. So too is their commitment to its
protection. The fact is, we will take care of
something when we value it.

Volunteer estuary monitoring programs can

About the Manual

Volunteer Estuary Monitoring: A Methods
Manual 1s a companion document to
Volunteer Water Monitoring: A Guide for
State Managers, published in 1990 by the
U.S. Environmental Protection Agency (EPA).
The guide describes the role of volunteer
monitoring in state programs and details how
managers can best organize and administer
these monitoring programs. This manual
focuses on the concepts and plans developed
by the EPA guide and places them in a nuts-
and-bolts context specifically for volunteer
estuary monitoring programs.

Two other EPA documents are also closely
allied with this manual: Volunteer Lake
Monitoring: A Methods Manual (1991) and

create citizen leaders
who work to reduce
pollution, increase
education, and better
manage our coastal
areas, all with the
purpose of protecting
some very special
places.

By donating their
time and talents to a
monitoring program,
volunteers offer a
priceless, enduring
legacy to the future. We

Estuaries are homes for wildlife, food suppliers,
gateways of commerce, and cultural mainstays.
They are also imperiled. Volunteer monitors
help preserve our estuarine resources (photo

by S. Schultz).

are collectively responsible for the
preservation our natural world for the future
generations of people, animals and plants that

call an estuary “home.” B

Volunteer Stream
Monitoring: A Methods
Manual (1997).
Together, these manuals
provide guidance on
volunteer water quality
monitoring in much of
our nation’s watersheds.
This 1s the second
edition of Volunteer
Estuary Monitoring:
A Methods Manual.
It updates information
and adds new topics

Estuaries support a vast array of wildlife. Some
make estuaries their lifelong homes, while
others can be seen only during certain times
of the year or during particular periods of
their lives (photo by S. Schultz).

that have emerged since the first manual was

introduced in 1993. A
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Chapter 1: Infroduction

Purpose of the Manual

The overriding purpose of Volunteer Estuary
Monitoring: A Methods Manual is to serve as a
tool for volunteer leaders who want to launch a
new estuary monitoring program or enhance an
existing program. In the process, the manual
shows how volunteer groups can collect
meaningful data to assess estuarine health.

The manual is not intended to mandate new
methods or override those currently being
used by volunteer monitoring groups. Instead,

Organization of the Manual

This manual is organized into 19 chapters.
Chapters 1-8 provide information about
estuaries, volunteers and volunteer monitoring
programs, and ensuring and managing data of
high quality. Chapters 9-19 address specific
water quality variables that volunteer
monitoring programs may elect to measure.
These chapters are grouped into chemical,
physical, and biological units. Finally,
appendices supply additional information.

A summary of the manual’s contents is
provided here.

Chapter 1: Infroduction

The mtroduction outlines the purpose of
this manual and its relationship to other
documents published by the EPA. It also
provides information about how and by whom
the manual should be used and explains plans
for making updated materials available in the
future. Finally, the introduction summarizes
the contents of the manual.

Chapter 2: Understanding Our Troubled
Estuaries

This chapter introduces the concept of an
estuary and summarizes the major problems
plaguing our nation’s estuarine waters. It also

1-2

it presents methods that have been adapted
from those used successfully by existing
volunteer estuary monitoring programs
throughout the United States. The manual
describes methodologies and techniques for
monitoring water quality parameters, starting
and maintaining a volunteer estuary
monitoring program, working with volunteers,
ensuring high quality data, and analyzing and
presenting the data following collection. l

discusses the reasons for monitoring estuarine
water quality and how monitoring data can
ultimately help provide solutions to these
diverse problems.

Chapter 3: Planning and Maintaining a
Volunteer Estuary Monitoring Program

This chapter covers the basics of planning,
implementing, and maintaining a volunteer
monitoring program so that it yields credible
data that will identify problems and assess
trends. Included in this chapter are
discussions on establishing goals, liability and
other risk management issues, and obtaining
financial support. This chapter also presents
guidance on developing a user-friendly data
form and working with the media to promote
your program activities.

Chapter 4: Recruiting, Training, and
Retaining Volunteers

This chapter discusses how to recruit, train,
and retain top-notch volunteers. It summarizes
potential sources of volunteers and provides
detailed information for volunteer
coordinators on training techniques that are
proven to produce knowledgeable and
enthusiastic volunteers.

Volunteer Estuary Monitoring: A Methods Manual



Chapter 5: Quality Assurance Project
Planning

This chapter addresses one of the most
difficult issues facing volunteer monitoring
programs: data credibility. It details the
mmportance of developing a quality assurance
project plan (QAPP) and summarizes the
steps involved.

Chapter 6: Sampling Considerations

This chapter reviews four critical questions
that a volunteer program must address before
taking a single water sample: (1) What
parameters will the program monitor? (2)
How will the selected paratmeters be
monitored? (3) Where will the parameters be
monitored? (4) When will they be monitored?

Chapter 7: In the Field

This chapter addresses what happens when
volunteers leave their homes for the
monitoring sites. It makes points about safety,
the right use of equipment, finding the
monitoring sites, making general observations
about the site, collecting data, and completing
the data form.

Chapter 8: Data Management,
Interpretation, and Presentation

This chapter discusses the elements of a
volunteer program that take place after
volunteers collect their data. It introduces data
management tools, discusses data
mterpretation, and gives suggestions for
maximizing the distribution of your data.

Unit One: Chemical Measures

This unit describes several water quality
parameters that may be included in volunteer
monitoring programs. Water quality variables

highlighted include oxygen (Chapter 9),
nutrients (Chapter 10), pH and alkalinity
(Chapter 11), and toxins (Chapter 12). The
chapters supply information on sampling
considerations and guidance on monitoring.

Unit Two: Physical Measures

This unit provides monitoring guidance for
water quality variables that represent
measures of the estuary’s physical
environment. Temperature (Chapter 13),
salinity (Chapter 14), turbidity and total solids
(Chapter 15), and marine debris (Chapter 16)
are included.

Unit Three: Biological Measures

Living organisms can be useful indicators
of estuarine health. This unit includes
mformation about monitoring bacteria as
mdicators of potential pathogens (Chapter
17), submerged aquatic vegetation (Chapter
18), and other biological parameters,
mcluding macroinvertebrates, plankton, and
non-indigenous species (Chapter 19).

Appendices

Several appendices, referred to throughout
the manual, are also included. These sections
provide sample data forms (Appendix A),
additional resources not listed in the chapters
(Appendix B), and information on equipment
suppliers (Appendix C). A glossary and
acronyms section as well as an index are also
mcluded. H

Volunteer Estuary Monitoring: A Methods Manual
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Chapter 1: Infroduction

How to Use the Manual

Intended Audience

This manual is intended to be a resource for
leaders of volunteer estuary monitoring
programs. Such programs may be managed by
environmental groups, educational
mstitutions, or government agencies.

Individual volunteers will also find this
manual to be a valuable resource, although
some components may not apply to them.
Volunteer leaders may elect to photocopy and
distribute portions of the manual to volunteers
as educational supplements, training
reinforcement, or background materials.

Is the Manual the Answer to All Estuarine
Monitoring Needs?

Certainly not! It would be impossible to
provide monitoring methods that are
uniformly applicable to all estuaries or all
volunteer programs throughout the United
States. Factors such as geographic region,
program goals and objectives, and program
resources will all influence the specific
methods used by each group. This manual,
therefore, urges volunteer program
coordinators to work hand-in-hand with state
and local water quality professionals or other
potential data users in developing and
operating a volunteer monitoring program.

This manual 1s only one resource for
volunteer programs. Many other resources are
available from government agencies and
volunteer monitoring programs. Some are
listed at the end of individual chapters and in
Appendix B.

A Lot of Help from Our Friends

Some portions of this manual draw
heavily from other resources. The editors
wish to give these sources their due
recognition and have listed them at the end
of each applicable chapter, separate from
other references.

Updates to the Manual

This manual is available in hard copy and
on the Internet. It is anticipated that periodic
updates will be made. While the updates will
be included in future print versions, they will
also be made available for downloading from
the Internet. By making updates available on
the Internet, it 1s anticipated that volunteer
groups can access new information sooner
than having to wait for a new print version of
the manual. B

References and Further Reading

U.S. Environmental Protection Agency (USEPA). 1990. Volunteer Water Monitoring: A Guide
Jor State Managers. EPA 440/4-90-010. August. Office of Water, Washington, DC. 78 pp.

U.S. Environmental Protection Agency (USEPA). 1991. Volunteer Lake Monitoring: A Methods
Manual. EPA 440/4-91-002. Office of Water, Washington, DC. 121 pp.

U.S. Environmental Protection Agency (USEPA). 1997. Volunteer Stream Monitoring: A
Methods Manual. EPA 841-B-97-003. November. Office of Water, Washington, DC. 211 pp.
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Chapter 2: Understanding Our Troubled Estuaries

Overview

To say that estuaries are valuable resources is a gross understatement. They are
among the most productive natural environments in the world and among the most
sought-after places for people to live. Estuaries support major fisheries, shipping, and
tourism. They sustain organisms in many of their life stages, serve as migration
routes, and are havens for threatened and endangered species. Associated wetlands

filter pollutants, dissipate floodwaters, and prevent land erosion.

Yet, despite their value, estuaries are in trouble.

Nearly half of the U.S. population lives in coastal areas, which include the shores
of estuaries. Unfortunately, this increasing concentration of people is upsetting the
natural balance of estuarine ecosystems and threatening their integrity. Pollution,
habitat destruction, overfishing, wetland loss, and the introduction of non-indigenous

species are among the consequences of many human activities.

As concern over the well-being of the environment has risen during the past several
decades, so has the interest in gathering information about the status of estuaries.
Government agencies have limited funds for monitoring. As a result, volunteer
monitoring has become an integral part of the effort to assess the health of our
nation’s waters. Designed properly, volunteer programs can provide high-quality

reliable data to supplement government agencies’ water quality monitoring programs.

This chapter discusses our troubled estuaries. The estuarine environment is
described and several problems relating human activities to estuarine degradation are
mvestigated. Finally, the role of volunteer monitoring i identifying, fixing, or

preventing problems is examined.

2-1
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Figure 2-1. Three types
of estuaries: highly
stratified, moderately
stratified, and vertically
mixed (adapted from
Levinton, 1982).
Numbers refer to salinity
in parts per thousand.

The Science

What Is an Estuary?

Unlike many features of the landscape that
are easily described, estuaries are transitional
zones that encompass a wide variety of
environments. Loosely categorized as the zone
where fresh and salt water meet and mix, the
estuarine environment is a complex blend of
continuously changing habitats. To qualify as
an estuary, a waterbody must fit the following
description:

“a semi-enclosed coastal body of water which
has free connection with the open sea and
within which sea water is measurably diluted
with fresh water derived from land drainage”

(Pritchard, 1967).

Highly Stratified Estuary
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.. Fresh Water =———p>

Ebb Tide

| Flood Tide
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The estuary itself is a rather well-defined
body of water, bounded at its mouth by the
ocean and at its head by the upper limit of the
tides. It drains a much larger area, however, and
pollutant-producing activities near or in
tributaries even hundreds of miles away may
still adversely affect the estuary’s water quality.

While some of the water in an estuary flows
from the tributaries that feed it, the remainder
moves in from the sea. When fresh and salt
water meet, the two do not readily mix. Fresh
water flowing in from tributaries is relatively
light and overrides the wedge of more dense
salt water moving in from the ocean. This
density differential often causes layering or
stratification of the water, which significantly
affects both circulation and the chemical profile
of an estuary.

Scientists often classify estuaries into three
types according to the particular pattern of
water circulation (Figure 2-1):

¢ Highly Stratified Estuary

The layering between fresh water from the
tributaries and salt water from the ocean is
most distinct in this type of estuary, although
some seawater still mixes with the surface
freshwater layer. To compensate for this
“loss™ of seawater, there is a slow but
continual up-estuary movement of the salty
water on the bottom.

¢ Moderately Stratified Estuary
In this intermediate estuary type, mixing of
fresh and salt water occurs at all depths. With
this vertical mixing, salinity levels generally
mcrease toward the estuary mouth, although
the lower layer is always saltier than the
upper layer.

¢ Vertically Mixed Estuary
In this type of estuary, powerful mixing by
tides tends to eliminate layering altogether.
Salinity in these estuaries is a function of the
tidal stage. This tidal dominance is usually
observed only in very small estuaries.
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Rivers flow in a single direction, flushing
out sediments and pollutants. In estuaries,
however, there is a constant balancing act
between the up-estuary saltwater movement
and down-estuary freshwater flow. Rather than
quickly flushing water and pollutants through
its system, an estuary often has a lengthy
retention period. Consequently, waterborne
pollutants, along with contaminated sediment,
may remain in the estuary for a long time,
magnifying their potential to adversely affect
the estuary’s plants and animals.

Other factors also play a role in the
hydrology of an estuary. Basin shape, mouth
width, depth, area, tidal range, surrounding
topography, and regional climate combine to
make each estuary unique.

Why Are Estuaries Important?

Estuaries are critical for the survival of many
species. Tens of thousands of birds, mammals,
fish, and other wildlife depend on estuarine
habitats as places to live, feed, and reproduce.
They provide ideal spots for migratory birds to
rest and refuel during their journeys. Many
species of fish and shellfish rely on the shel-
tered waters of estuaries as protected places to
spawn, giving estuaries the nickname “nurseries
of the sea.”” Hundreds of marine organisms,
including most commercially valuable fish
species, depend on estuaries at some point dur-
ing their development.

Besides serving as an important habitat for
wildlife, the wetlands that fringe many estuaries
perform other valuable services. Water draining
from upland areas carries sediments, nutrients,
and other pollutants. But as the water flows
through wetlands, much of the sediments and
pollutants are filtered out. This filtration process
creates cleaner and clearer water, which bene-
fits both people and marine life. Wetland plants
and soils also act as natural buffers between the
land and ocean, absorbing floodwaters and dis-
sipating storm surges. This protects upland
organisms as well as valuable real estate from
storm and flood damage. Salt marsh grasses,
mangrove trees, and other estuarine plants also
prevent erosion and stabilize the shoreline.
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Among the cultural benefits
of estuaries are recreation,
scientific knowledge,
education, and aesthetic
value. Boating, fishing,
swimming, surfing, and bird
watching are just a few of the
numerous recreational
activities people enjoy in
estuaries. They are often the
cultural centers of coastal
communities—focal points
for commerce, recreation,
history, customs, and
traditions. As transition zones
between land and ocean,
estuaries are invaluable
laboratories for scientists and
students, providing countless
lessons in biology, geology,
chemistry, physics, history,
and social issues. Estuaries
also provide a great deal of
aesthetic enjoyment for the
people who live, work, or
recreate in and around them.

Finally, the tangible and direct economic
benefits of estuaries should not be overlooked.
Tourism, fisheries, and other commercial
activities thrive on the wealth of natural
resources that estuaries supply. Protected
estuarine waters also support important public
mfrastructure, serving as harbors and ports vital
for shipping, transportation, and industry. Some
attempts have been made to measure certain
aspects of the economic activity that depends
on America’s estuaries and other coastal waters.
For example:

Wetlands, like this one in Virginia, provide
many valuable services. They remove
pollutants, absorb floodwaters, dissipate
storm surges, stabilize shorelines,

and serve as habitat for many organisms
(photo by R. Ohrel).

Commercial and recreational activities in

estuaries generate billions of dollars for local
economies (photo by USEPA).

e Estuaries provide habitat for more than
75 percent of America’s commercial fish
catch and for 80-90 percent of the
recreational fish catch (National Safety
Council’s Environmental Center, 1998).
Commercial and recreational fishing
contribute about $4.3 billion annually to
the U.S. economy, while related marine
industries add another $3 billion
annually (ANEP, 1998).
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Importance of Estuaries

HABITAT: Tens of thousands of birds, mammals, fish, and other wildlife depend on
cstuaries.

NURSERY: Many marine organisms, most commercially valuable fish species included,
depend on estuaries at some point during their development.

PRODUCTIVITY: A healthy, undisturbed estuary produces from four to ten times the
weight of organic matter produced by a cultivated cornfield of the same size.

WATER FILTRATION: Water draining off upland areas carries a load of sediments and
nutrients. As the water flows through salt marsh peat and the dense mesh of marsh grass
blades, much of the sediment and nutrient load 1s filtered out. This filtration process creates
cleaner and clearer water.

FLOOD CONTROL: Porous, resilient salt marsh soils and grasses absorb floodwaters and
dissipate storm surges. Salt marsh-dominated estuaries provide natural buffers between the
land and the ocean. They protect upland organisms as well as billions of dollars of human
real estate.

ECONOMY: Estuary-dependant activities—recreation, shipping, fishing, and tourism—
generate billions of dollars each year.

CULTURE: Native Americans and early settlers depended on productive estuaries for
survival. Sheltered ports were essential for the transfer of goods and information from other
continents. Today, estuaries support a way of life valued by many.

(Excerpted from NERRS Web site: http://inlet.geol.sc.edwnerrsintro.html.)

In short, estuaries provide us with a whole
suite of resources, benefits, and services.
Some of these can be measured in dollars and

¢ Nationwide, commercial and
recreational fishing, boating, tourism,
and other coastal industries provide

more than 28 million jobs. Commercial
shipping alone employed more than
50,000 people as of January 1997
(National Safety Council’s
Environmental Center, 1998).

There are 25,500 recreational facilities
along the U.S. coasts—almost 44,000
square miles of outdoor public recreation
arcas (NOAA, 1990). The average
American spends 10 recreational days on
the coast each year. In 1993, more than
180 million Americans visited ocean and
bay beaches—nearly 70 percent of the
U.S. population. Coastal recreation and
tourism generate $8 to $12 billion
annually (National Safety Council’s
Environmental Center, 1998).

cents; others cannot. Estuaries are
irreplaceable natural resources that must be
managed carefully for the mutual benefit of
all who enjoy and depend on them.

Where Land Meets Ocean

You may have heard the saying, “We all
live downstream.” This is a rather simple
statement intended to bring attention to
complex, intertwined processes affecting
water quality. Estuaries are the intermediary
between oceans and land (Figure 2-2);
consequently, these two factors influence their
physical, chemical, and biological properties.

Estuaries are part of a larger collection of
geographic features that make up a watershed,
an area that drains surface bodies of water.
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Watersheds generally include lakes, rivers,
wetlands, streams, groundwater recharge
areas, and the surrounding landscape, in
addition to estuaries.

Tributaries flow downstream through the
watershed for up to hundreds of miles. In
their journey, they pick up materials that
wash off the land or are discharged directly
mto the water by land-based activities.
Eventually, the materials that the tributaries
accumulate are delivered to estuaries.

The types of materials that eventually enter
an estuary largely depend on how the land is
used. Undisturbed forests, for example, will
discharge considerably fewer pollutants than
an urban center or cleared agricultural field.
Surrounding land uses and land use decisions,
then, can have significant effects on an
estuary’s overall health. W

The Problems

Changes to the coastal landscape have had
serious implications for estuarine health.
Estuaries are bombarded by several pollutant
sources, and their impacts can be severe.

Pollutant Sources

Wherever there is human activity, there is
usually a potential source of pollutants. Table 2-
1 and Figure 2-3 summarize some common
estuarine pollutants and their potential sources.

Estuarine pollution is generally classified as
either point source pollution or nonpoint
source pollution. Point source pollution
describes pollution that comes from a
discernible source, such as an industrial
discharge or wastewater treatment plant. Point
source pollution is usually identified as coming
from a pipe, channel, or other obvious
discharge point. Laws regulate point sources,
with limits placed on the types and quantities of
discharges to estuaries and other waterways.

Nonpoint source pollution (NPS), on the
other hand, comes from a variety of diffuse
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Figure 2-2. Estuaries

are transitional zones
between land and the
ocean (redrawn from EPA
Web site: http.//www.epa.
gov/owow/oceans/factshe
ets/fact5.html).

——

sources that do not have
a single discharge point.
Examples include
stormwater runoff from
urban areas, marina
operations, farming,
forestry, and construction
activities; faulty or
leaking septic systems;
and atmospheric
deposition originating
from industrial
operations or vehicles. NPS pollution, which 1s
often hard to identify and quantify, is generally
more difficult and expensive to regulate and
control than point source pollution.

Point sources deliver pollutants to estuaries
through a pipe or other discharge point. Here, the
pipe is located under a pier (photo by R. Ohreél).

Pollutant Impacts

Many of our nation’s more than 100
estuaries are also under siege. Historically,
estuaries and other waterbodies have been the
receptacles for society’s wastes. Human
sewage, industrial byproducts, and runoff
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Table 2-1. Common pollutants and impacts associated with selected coastal land uses (adapted from USEPA, 1997; Maine DEP, 1996; USEPA, 1993).

Source Common Pollutants Possible Impacts
Cropland Sediments, nutrients, Reduced water clarity, smothered benthic habitat, toxicity to organisms,
pesticides excessive algal growth, reduced dissolved oxygen, water temperature changes
Grazing land Fecal bateria, sediments, Possible introduction of pathogens, reduced water clarity, smothered benthic
nutrients habitat, excessive algal growth, reduced dissolved oxygen, water tempterature
changes
Forestry Sediments Reduced water clarity, smothered benthic habitat, water temperature changes
Mining Acid discharge, sediments | Reduced water clarity, smothered benthic habitat, impacts on pH and alkalinity
Industrial/commercial | Sediments, toxins Reduced water clarity, smothered benthic habitat, impacts on pH and alkalinity,
discharge toxicity to organisms
Sewage treatment Nutrients, suspended Reduced water clarity, excessive algal growth, reduced dissolved oxygen/higher
plants solids, fecal bacteria biochemical oxygen demand, water temperature and pH changes, possible
introuction of pathogens
Construction Sediments, toxins, Reduced water clarity, smothered benthic habitat, excessive algal growth,
nutrients reduced dissolved oxygen, water temperature changes, toxicity to organisms
Urban runoff Sediments, nutrients, Reduced water clarity, smothered benthic habitat, excessive algal growth,
metals, petroleum reduced dissolved oxygen/higher biochemical oxygen demand, water
hydrocarbons, bacteria temperature changes, toxicity to organisms, possible introduction of pathogens
Lawns/golf courses Toxins, nutrients, Reduced water clarity, smothered benthic habitat, excessive algal growth, reduced
sediments dissolved oxygen/higher biochemical oxygen demand, toxicity to organisms
Septic systems Fecal bacteria, nutrients Excessive algal growth, reduced dissolved oxygen/higher biochemical oxygen
demand, water temperature changes, possible introduction of pathogens
Marinas/boat usage Toxins, nutrients, bacteria | Excessive algal growth, reduced dissolved oxygen/higher biochemical oxygen
demand, toxicity to organisms, possible introduction of pathogens

ti

e

from farming operations

disappeared as they mixed with

receiving waters and washed into

the nation’s fragile estuaries.

- Over the past several decades,
however, the signs of estuarine

| decline have become increasingly

~ apparent. Many fish and shellfish

which high nutrient concentrations stimulate
excessive algal blooms, which then deplete
dissolved oxygen as they decompose—often
threatens the character of the natural system.
Across the country, estuaries are vulnerable
to assault from a wide variety of toxic
substances, which menace the health of
humans and wildlife. While sources of these

Improperly managed construction sites
can clog estuaries with tons of
sediments (photo by R. Ohrel).

substances may be relatively scarce in the
more pristine areas surrounding an estuary,

populations hover near collapse.
Although we have recognized the

problems and have generally
reduced the pollutants entering our waters, the
sheer numbers of people living near the coasts
continue to stress our estuaries, lagoons, and
other coastal waters.

No coastal areas, estuaries included, are
mmmune to the threat of pollution; they all
share common problems. Many are often
subject to seasonal depletion of dissolved
oxygen, particularly in their deeper waters.
Accelerated eutrophication—a condition in

mdustrialized areas often lead to “hot spots™
i the adjacent estuary, with toxins
concentrating in the water, sediment, and
local aquatic plants and animals. Stormwater
runoff from urban and rural areas can also
deliver toxic materials to estuaries. Metals,
pesticides, and automotive fluids are
frequently washed from lawns, agricultural
fields, parking lots, marinas, and a myriad of
other sources to estuarine waters.

Bacterial contamination is yet another
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Figure 2-3. Potential sources of estuarine pollution.

problem prevalent in many estuaries.
Inadequately treated sewage released to the
estuary threatens recreational water users and
contaminates local shellfish. States often
monitor shellfish or the waters overlying
shellfish beds for bacterial contamination,
occasionally shutting down contaminated areas
to recreational and commercial fishermen until
bacteria numbers drop to safe levels.

Sediments from construction sites,
agricultural activities, forestry operations, and
dredging activities, among other sources, can
be another concern. Sediments washing into
estuaries or resuspended from dredging can
carry a host of additional environmental
problems with them. These sediments cover
critical benthic, or bottom, habitat for
numerous species and smother plants and
animals. They cloud waters, preventing
sunlight from reaching submerged plants.
Metals and other toxic materials are
frequently attached to sediments, and it is
often through this affiliation that toxic
materials are delivered to the estuary.
Attached to sediments, they make their way to
the benthic zone, where they accumulate
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within organisms and become introduced to
the food web. Under certain environmental
conditions, toxins may also be released from
sediments into the water column.

Other areas suffer from large quantities of
marine debris. Storm sewers, combined sewer
overflows, and carelessly dropped litter are
among the sources of these eyesores. Marine
debris found on estuarine shorelines and
underwater pose a health hazard to marine
animals and humans.

Whether the problems are unique to one
estuary or common to many, several have
worsened over recent decades. Simulta-
neously, however, the interest of a few
concerned citizens has grown into a nation-
wide awareness that the environment is a
necessary national priority.

Along with this growing recognition, the
means to assess the health and status of our
nation’s waters has also evolved. While
scientists provided many early clues to the
deterioration of estuarine water quality,
citizens have become important contributors
in the long-term effort to identify and address
water quality problems. H
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Examples of Water Quality Degradation

The Petaluma River, a tributary to San Francisco Bay, has experienced seasonal algal blooms, low oxygen
levels, and fish kills resulting from municipal waste discharges.

Low dissolved oxygen levels are problematic in Corpus Christi Bay and Galveston Bay in Texas and in Mobile
Bay, Alabama. Low oxygen levels are especially prevalent where wastewater discharges and surface runoff go
to areas that are poorly flushed or have little circulation.

In 1990, nitrogen levels in Sarasota Bay, Florida, were estimated to be three times greater than predevelopment
levels.

Pollution from surface runoff has been implicated in nearly 30 percent reduction in seagrass coverage that
occurred in the Indian River Lagoon, Florida, between 1970 and 1990. If no action is taken, it is estimated that
pollution from surface runoff will increase by more than 30 percent by the year 2010 due to increasing human
population.

Runoff from the land contributes more than 50 percent of nitrogen loadings to Maryland’s coastal bays, with 50
percent of these loadings coming from agricultural feeding operations (primarily poultry), which make up less
than one percent of the watershed.

A citizen-based water quality sampling effort in Buzzards Bay, Massachusetts, reports that nine of the Bay’s 30
embayments experience poor water quality (primarily from nutrient over-enrichment) during the summer
months. Another eight embayments are in transition from good to poor water quality. At least 50 percent of all
the embayments have shown a slight to moderate decline in water quality during four years of monitoring.

From mid-July through September each year, up to half of Long Island Sound in New York experiences
dissolved oxygen levels sufficient to support healthy populations of marine life. Nitrogen loads are estimated
to be more than twice those of pre-colonial times with 57 percent of the nitrogen entering the Sound each year
attributable to human activities.

(Source: ANEF, 1998.)

The Solutions

Clarifying and characterizing the problems The Importance of Monitoring
unique to an estuary help clear the path toward

potential solutions. The first step in solving
cach problem is defining it. One should ask:

A systematic and well-planned monitoring
program can identify water quality problems
and help answer the questions critical to their
solutions. Useful monitoring data will
¢ If so, how serious is it? accurately portray the current chemical,
physical, and biological status of the estuary.
This type of information, collected
systematically over time, can establish a
record of water quality conditions in an

e s there a problem?

¢ Does the problem affect only a portion
of the estuary, or the entire body of
water?

¢ Does the problem occur sporadically,

estuary.
seasonally, or year-round? If reliable historical data exist for
¢ Is the problem a naturally occurring comparison, current monitoring data can also
phenomenon, or is it caused by human document changes in the estuary from the past
activities? to the present. These data may serve as a
2-8
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warning flag, alerting managers to the
development of a water quality problem. Or, on
the positive side, data comparisons may indicate
improvements in estuarine water quality.

Thus, monitoring programs can perform a
variety of functions. The most effective
monitoring program, however, resolves the use
of the data carly on so that the program design
best addresses the defined problems. Most
citizen monitoring programs serve to:

+ supplement federal, state, and local
monitoring efforts;

¢ cducate the public;
¢ obtain data from remote areas;

e obtain data during storms or other unique
events;

* bring a problem area to light; and/or

¢ document the illegal discharge of waste.

Citizen monitoring data, collected accurately
and systematically, can be an important
supplement to data collected by professionals.
Accurate data often have far-reaching uses that
the organizers may not have anticipated at the
outset of their program. Indeed, these data have
the potential to influence management actions
taken to protect the waterbody. Further uses of
the data include:

» providing a scientific basis for specific
management decisions and strategies;

e contributing to the broad base of
scientific information on estuary
functions and the effects of estuary
pollution;

¢ determining multiyear water quality
trends;

¢ documenting the effect of nonpoint and
point source pollutants on water quality;

¢ indicating to government officials that
citizens care about their local waterways;

¢ documenting the impacts of pollution
control measures; and

¢ providing data needed to determine
permit compliance.
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Assessing water quality should not be con-
ducted purely for the sake of monitoring itself.
Ultimately, the protection and restoration of an
estuary’s wildlife, natural functions, and compat-
ible human uses is of greatest concern. To restore
an estuary, we must ensure that water quality
conditions remain within the optimal range for
the health and vitality of native species. As scien-
tists discover the ideal habitat conditions for each
species, monitoring data will be instrumental in
Judging how often conditions are suitable for the
survival and propagation of these species.

Measures of Environmental Health
and Degradation

Estuaries are complex systems with a large
assortment of habitats, animal and plant
species, and physical and chemical conditions.
As aresult, there are dozens—perhaps
hundreds—of monitoring parameters being
used to evaluate the health of estuaries.
Several parameters describe the basic
chemical, physical, and biological properties
of an estuary. These traits determine the
estuary’s fundamental nature. They form, in
essence, the ABCs of estuarine water quality
and set the stage for selecting the
environmental parameters that will indicate
estuarine health.

Warning: 1t’s All Connected!

Simply measuring a chemical concentration or locating a particular
organism does not necessarily tell the full story of an estuary’s health.
Several factors may interact to influence your data.

To facilitate discussion of different monitoring parameters, this
Methods Manual addresses monitoring topics according fo chemical,
physical, or biological properties. However, it is important to
recognize that one environmental parameter may influence another
(Figure 2-4). Temperature, for example, largely governs the rate of
chemical reaction and biological activity. The pH affects the solubility
of certain chemicals in the water. Nutrient concentrations influence
algal growth, which ultimately affects dissolved oxygen
concentrations. Turbidity controls the amount of sunlight that can
reach underwater plants.

Chapter 7 describes several environmental factors that could
influence your monitoring resufts.
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Figure 2-4. Schematic diagram of physical, chemical, and biological processes interacting in estuaries (redrawn
from USEPA, 1987).

Chemical Measures

Chemical parameters are the main focus of
many volunteer estuary monitoring programs,
which concentrate on pollutants that arrive in
the estuary from point and nonpoint sources
(e.g., nutrients, toxins). Other chemical
measurements serve as indicators of problems.
Low dissolved oxygen concentrations, for
example, can be disastrous for many estuarine
organisms.

Unit 1 highlights some of the common
estuarine chemical monitoring parameters and
techniques.

Physical Measures

Some parameters are neither biological nor
chemical in nature; they represent measures of
the physical environment. Sediment and
marine debris are examples of natural and
manmade materials, respectively, that can
affect estuarine organisms’ living environment
and health.

Unit 2 discusses some measures of the
physical environment employed by many
volunteer estuary monitoring programs.
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Biological Measures

Living organisms can reveal a great deal
about an estuary’s health. In some cases, their
presence can be a good sign. For example, the
widespread distribution of submerged aquatic
vegetation (SAV) can suggest that turbidity or
excessive nutrients may not be problems in
the area. Other organisms, however, can be
causes of concern. High bacteria levels can
mdicate the presence of pathogens in the
water—a potential human health risk. The
presence of non-indigenous species can
threaten native organisms and disrupt a
delicate ecological balance.

Biological monitoring is discussed in
greater detail in Unit 3.

Peculiarities of Volunteer Estuary
Monitoring

You may be thinking, “I know how to
monitor streams, so I know how to monitor
estuaries.” In many respects, you are correct.
Basic monitoring techniques are similar for
streams, lakes, rivers, and estuaries. However,
estuaries have several, often unique,
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properties that must be considered when
conducting monitoring efforts. As one
volunteer leader wrote, “Estuary monitoring
can be characterized as a mixture of river and
lake monitoring techniques—Iliberally salted™
(Green, 1998).

Two main influences that make estuary
monitoring unique are tides and salinity.
Volunteers are strongly recommended to learn
proper techniques for monitoring in an
estuarine environment.

Tides

Estuaries differ from streams and lakes in
several respects. First and foremost, they are
subject to tides and the accompanying mixing
of salt and fresh water. Any successful estuary
monitoring program must take into account
the tidal stage when scheduling training
sessions and sampling times. Tidal stages can
mean the difference between using a boat
and trudging across mudflats to get to a
sampling spot.

The fact that high tide occurs at different
times in different parts of the estuary
undeniably complicates scheduling. Some
monitoring groups schedule sample collection
for low and high tides at each station on each
monitoring date—which translates into
different sampling times for each location!

Estuaries are complex, with a wide variety
of environments that are constantly changing.
When the tide is rising, incoming salt water
does not mix uniformly with fresh water.
Fresh water 1s lighter (Iess dense) than salt
water and tends to stay nearer the surface. The
result 1s layering, or stratification, which
may necessitate sampling at several depths—
particularly for dissolved oxygen, nutrients,
plankton, and salinity. On the other hand,
tides of sufficient magnitude are effective
mixers of estuarine waters and may break
down stratification.

Tide charts are readily available and should
be a standard part of any program
coordinator’s tool kit. Programs studying
highly stratified estuaries or estuaries with
tidal ranges over a few feet may want to
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measure tidal stage. Even if tidal stage data
are not included at the beginning of the
sampling effort, the National Oceanic and
Atmospheric Administration (NOAA)
publishes tide tables for most of the U.S.
This information can be obtained and
applied after the fact, if the monitoring
station 1s reasonably close to one of the
published tide table sites.

s

Barnegat Bay in New Jersey
(photo by S. Schulty).

Salinity

Salinity, the concentration of salts in
water, i1sn’t usually monitored in streams,
rivers, or lakes, unless there is a connection
with salt water or concerns about excessive
winter season road salting. Salinity changes
with the tides and the amount of fresh water
flowing into the estuary. It is often the major
determinant of what lives where.

Salinity is often a factor in monitoring many
key water quality variables. For example:

¢ To properly calibrate most dissolved
oxygen meters, knowledge of salinity
concentration is necessary.

If you are interested in converting the
dissolved oxygen concentration to
percent saturation (the amount of
oxygen in the water compared to the
maximum it could hold at that
temperature), you must take salinity into
account. As salinity increases, the
amount of oxygen that the water can
hold decreases.

If you use a meter to measure pH, the
techniques are the same whether you are
testing salt or fresh water. However, if
you use a colorimeter, you must use a
correction factor (available from the
manufacturer) to compensate for the
effects of salinity.

Although macroinvertebrates (c.g.,
msects, worms, shellfish, and other
animals that lack a spinal column) live
n estuaries, using them as indicators of
ecosystem health is more problematic
than in streams. Estuaries support
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different invertebrate
communities than freshwater
systems, and many of the
B key freshwater indicators are
o P not present in estuaries. In
ot addition, collection is more
, \ , difficult, given the tidal
e\ o 4 fluctuations and the muddy
Various land uses, including agricultural, bottom. Finally, data
residential/urban, forestry, mining, and
marinas, can be sources of estuarine pollution

(photo by Weeks Bay Watershed Project). macroinyqrtebrate
communities to ecosystem

health have not been as well developed
for estuaries as for streams.

analysis tools for relating

The Human Element

As mentioned previously, a number of
estuary health problems can be traced to human
activities. Humans also hold the key to finding
their solutions. Many organizations and
mdividuals are working to restore and protect
estuaries, and volunteer monitoring is one
essential aspect of the effort.

Each player has a different role in volunteer
monitoring efforts, but all must work together to
ensure efficient use of time, resources, and data.

The Role of Government Organizations

On the federal, state, and local levels, a
myriad of government agencies are involved in
volunteer estuary monitoring. Each government
level has a different degree of involvement,
summarized below:

e Federal
Several federal agencies and programs are
mvolved to some degree in volunteer estuary
monitoring. The U.S. Environmental
Protection Agency (EPA), for example, has
supported volunteer monitoring since 1987,
The EPA has sponsored national symposia on
volunteer monitoring, publishes a newsletter
for volunteers, developed guidance manuals
and a directory of volunteer organizations,
and provides technical support to the
volunteer programs (see Appendix B for
resources).

The EPA also administers the National Estuary
Program (NEP). Unlike traditional regulatory
approaches to environmental protection, the
NEP targets a broad range of issues and
engages local communities in the process.

The NEP encourages local communities to
responsibly manage their estuarics. Each NEP
1s made up of representatives from federal,
state, and local government agencies, as well
as members of the community—<citizens,
business leaders, educators, and researchers.
These stakeholders work together to identify
problems in the estuary, develop specific
actions to address those problems, and create
and implement a formal management plan to
restore and protect the estuary.

To help in their tasks, NEPs work with
volunteer groups and federal, state, and local
agencies to gather critical data about their
estuary. Many NEPs host informational
workshops for volunteer monitors.

Another federal program interested in
volunteer data is the National Estuarine
Research Reserve System (NERRS), which
1s administered by the National Oceanic and
Atmospheric Administration (NOAA).
NERRS sites monitor the effects of natural
and human activities on estuarics to help
identify methods to manage and protect
coastal areas. Volunteer groups are often
engaged to help collect valuable data about
estuarine health.

State

Depending on the state, several agencies may
be involved with volunteer estuary
monitoring. Agencies responsible for water
quality, coastal and/or environmental
management, fish and wildlife, public health,
and other areas have shown interest in
supplementing the data they regularly collect
with information gathered by volunteers.
State agencies play a major role in volunteer
efforts. Many offer training opportunities,
provide sampling equipment, and compile
and distribute volunteer data. Occasionally,
state laboratories may offer their services to
process samples.
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Some states are reluctant to fully use volun-
teer data, which can be a sore point with vol-
unteer groups. To remedy such conflicts,
many states establish quality assurance/quali-
ty control (QA/QC) requirements (see
Chapter 5) to ensure that volunteer data can
be used. They may also train volunteer
groups on setting up a quality assurance pro-
ject plan (QAPP). States can also work with
volunteer groups to identify data needs, key
sampling sites, and formats for submitting
data. Such cooperation maximizes monitor-
ing efficiency and data usefulness.

Local

Local agencies can get involved with volun-
teer monitoring in a number of ways. When
considering development plans, they can use
volunteer data to assess baseline water quality
conditions and follow estuarine health as the
development proceeds. Data can also be used
to 1dentify especially sensitive areas, which
can then be designated for special protection.

Volunteer data can also be helpful for locat-
mg local pollutant sources. For example,
local governments are primarily responsible
for septic system permitting, inspections,
maintenance, and enforcement. Particularly
m rural arcas where septic systems are com-
mon, local agencies may not have enough
staff to sample for bacteria and other indica-
tors of failing systems. By working with vol-
unteer groups, local agencies are tapping into
a valuable resource.

The Role of Non-Government Organizations

With few exceptions, non-government orga-
nizations do the bulk of hands-on volunteer
monitoring program planning and implementa-
tion. Such organizations can include environ-
mental, school, community, and civic groups.
Their membership is comprised largely of local
citizens.

A major responsibility of non-government
groups is to work with government agencies
and other non-government organizations.
Collaboration 1s important to coordinate moni-
toring activities and identify priority areas in
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the estuary. By coordinating with other organi-
zations, volunteer monitors can also improve
the likelihood that groups other than their own
will utilize their data. For example, by working
together with state agencies to develop a QAPP
and determine which data the agencies are most
mterested in, volunteer organizations can
become a valuable partner in estuary monitor-
ing efforts.

Of course, the volunteer organization may
clect to gather other data that may not be high
on government agencies” priority lists. This
mformation still has value! It can be used to
guide local management decisions, educate the
public, establish a baseline, and serve as an early
warning of potential water quality problems.

Besides working with government agencies,
non-government organizations do grassroots
work. Among other things, they:

A volunteer takes a
Secchi disk reading
from Puget Sound
(photo by E. Ely).

e recruit, train, and motivate volunteers;

e supervise monitoring activities;

e procure monitoring equipment;

raise funds to support monitoring efforts; and

work with local media to inform the public
of their activities and findings.

The Role of Individuals

It may seem obvious, but should nonetheless
be stated: Without individual volunteers who
commit their time and energy to the effort,
there would be no volunteer monitoring
programs.

Besides actually monitoring the estuary, vol-
unteers are valuable resources for other reasons.
They generally monitor close to their homes
and are familiar with the area. Because of their
knowledge of local land uses, environmental
1ssues, and history of the monitoring area, vol-
unteers can provide valuable anecdotal informa-
tion that can help explain data.

Individual volunteers can also assist
with other non-monitoring activities, such
as fundraising, writing press releases,
educating the public, and helping with admin-
istrative work.

Chapter 4 goes into greater detail about the
role of volunteers in monitoring programs. Hl
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Ghapter 3: Planning and Maintaining a Volunteer Estuary Monitoring Program

Overview

Volunteer data contributes in many important ways to our understanding of the
magnitude and extent of estuarine impairment. Therefore, it is important to ensure
that a volunteer monitoring program is effectively and efficiently designed.
Planning, implementing, and maintaining a volunteer monitoring program requires
organization, time, resources, and dedication. However, the payoffs can be great.
A well-organized, properly maintained volunteer monitoring program can yield
credible water quality data that will enhance capabilities to 1dentify problems,
assess trends, and find solutions to water quality problems. The basic ingredients

for success are outlined in this chapter.

Establishing goals, objectives, timelines, and strategies are important steps in
creating an estuary monitoring program. People starting a monitoring program
must also face questions about liability and other risk management issues. Another
mmportant component to a successful program is ongoing financial support.
Finally, the program should be promoted regularly throughout the community. All

of these topics are reviewed in this chapter.
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Volunteer Estuary Monitoring: A Methods Manual




Chapter 3: Planning and Maintaining a Volunteer Estuary Monitoring Program

Establishing Goals and Objectives

No step 1s more critical in the planning
process than establishing the goal or goals of
your estuary monitoring program. Every phase
that follows will depend upon this initial deci-
sion. These all-important goals are best deter-
mined by the people who will be using the vol-
unteer data. Once the program is established,
volunteers can also help shape future goals. So,
the first step is to identify the people and orga-
nizations that will use your data.

ldentifying Data Uses and Users

The best-designed volunteer monitoring pro-
grams always begin with a clear understanding
of how the data will be used (see Chapter 5 for
more information). Potential data users should
be identified and asked to serve on the project’s
planning committee. This committee will devel-
op and articulate a clear purpose for the use of
the data. The committee should include mem-
bers of the scientific research community, local
and regional officials who will play a part in
resource policymaking, representatives of other
monitoring groups, and citizen leaders who are
potential volunteer monitors or who represent
groups from which volunteers will be recruited.

Determining Goals and Planning
for Quality

In addition to understanding who will use the
volunteer data, the broad overall goals for the

Benefits of Partnering

program should be determined. Is the primary
goal to collect data that will supplement gov-
ernment monitoring? Or is the main goal of the
program to educate the public? For a list of
common program goals, see page 3-3.

Determining the goals of the program goes
hand-in-hand with creating a plan that can
deliver the level of data needed. As you will see
in Chapter 5, many of these early decisions will
play a critical role in developing a quality
assurance project plan (QAPP). This plan con-
tains details on all the methods you expect your
volunteers to use. Careful planning ensures that
your data will be consistent and of the desired
level of quality.

The perception that amateurs cannot collect
good quality data is the most common reason
professional water quality managers decline to
take advantage of volunteers as a resource.
However, by preparing a QAPP and adhering to
its elements, your volunteers will produce “data
of known quality” that meet the stated data
quality objectives of your program.

After establishing primary goals, the plan-
ning committee should go on to answer, in
detail, the following questions:

e What are the major problems and
priorities in the specific estuary or sam-
pling area?

Planning an effective monitoring project

Partnering with data users when planning a monitoring project has several benefits. Examples are

provided below:

¢ Their input on sampling parameters and methodologies will improve the likelihood that they

will accept and use your data.

¢ The participation of regulatory agencies in the process will better ensure that they will be
responsive to potential problems identified by the data.

¢ They can guide data management practices to maximize their access to the data (e.g., using

compatible databases, reporting methods, etc.).

¢ They can help interpret the data.
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Prospective Users of Volunteer Data:

e state environmental protection or management agencies

e state conservation and recreation agencies

* state and local health departments
e water quality analysts

e land use planners

e fisheries biologists

e environmental engineers

¢ cducational mstitutions, including elementary, middle, and high schools

e state, regional, and local park staff

¢ local government planning and zoning agencies

¢ university rescarchers

e environmental groups

¢ soil and water conservation districts
e U.S. Geological Survey

¢ U.S. Fish and Wildlife Service

e U.S. Environmental Protection Agency

e National Oceanic and Atmospheric Administration

¢ Soil Conservation Service

requires that you learn everything you can
about potential monitoring sites by contacting
programs and agencies that might already
monitor in your area. As you identify the most
critical problems of the estuary, include the
perceptions and values of community leaders,
residents, and community organizations.
Selection of priorities will help you determine
what water quality parameters you need to
monitor,

o What sampling parameters or conditions
will you monitor to characterize the status
of the estuary? What methods or protocols
will you use for collecting and analyzing
samples? How will you pick your sampling
sites, and how will you identify them over
time?

An important part of developing a
monitoring program is selecting monitoring
sites, parameters to be monitored, and a
monitoring schedule. Also, there are
sometimes several different methods or

protocols that can be used to monitor each
parameter. Considerations on selecting the
“what, how, where, and when™ to monitor can
be found in Chapter 6.

e How large a monitoring program should be
attempted?

What is the capacity of the planning com-
mittee to raise funds and organize a program?
Do you have the skills, staff time, financial
resources, and community support needed to
reach your program’s goals? If not, the plan-
ning committee may need to improve its orga-
nizational capacity by creating or strengthening
relationships with community leaders, environ-
mental interest groups, and community agencies
such as local conservation districts and colleges.

Alternatively, your organization may need to
revisit its goals to set something more realistic.
Always keep in mind that small programs done
well are far better than larger efforts done poor-
ly. Small programs that are well-run can grow
over time.

3-3

Volunteer Estuary Monitoring: A Methods Manual



Chapter 3: Planning and Maintaining a Volunteer Estuary Monitoring Program

o How will volunteers be recruited and trained,
and how often will they receive refresher
courses?

As you develop your new estuary monitoring
program, you will need to determine who will
recruit and train the volunteers. The initial train-
ing of the volunteers is a crucial part of devel-
oping a water quality monitoring program.
Without such training, usable, high-quality data
cannot be obtained, and volunteers will soon
grow frustrated. In addition to initial training,
refresher courses for volunteers should be
planned. Some practical considerations on suc-
cessfully recruiting, training, and retaining vol-
unteers can be found in Chapter 4.

e How will you manage your data and
ensure that your data are credible?
How will the results of the program
be presented?

Understanding how the data will be used will
lead you to answers about how the data will be
managed and how reports will be generated to
best fit users’ needs. Choosing a data manage-
ment approach early on in program develop-
ment is critical if the hard work of the volun-
teers 1s to be meaningful. To take information
from data sheets and convert it to something
that makes sense to your audience requires sev-
eral elements, which are summarized in
Chapter 8.

Not only is it important to manage and pre-
sent data according to users’ needs, but every
volunteer monitoring group should also address
carly in the planning process how the data
analysis will be communicated back to the vol-

unteers, who should see the tangible benefits of
their work. This requires planning, since the
data may need to be summarized and some
general conclusions prepared for a non-techni-
cal audience. Chapter 5 provides more informa-
tion on this topic.

e How should the program be evaluated? What
outcomes will you measure to determine if
your program is “successfil ”?

Success, especially at the beginning of a pro-
ject, can be measured in many ways. The first
time your volunteers take to the field and col-
lect samples can rightfully be considered a suc-
cess. Proving that it can be done is an extreme-
Iy important step. Later, success may be mea-
sured by whether your data is used in local land
use decisions or leads to actions that improve
the health of the estuary.

Ongoing evaluation of the program 1is critical.
The planning committee should meet periodi-
cally to evaluate the program, update objec-
tives, and refine the monitoring process. You
may decide to improve on sampling techniques,
site selection, lab procedures, or any of the
other elements of your monitoring project
design. These periodic reviews should help
ensure that the volunteer monitoring program
will continue to produce high quality and useful
data for those who require information concern-
ing the estuary.

Be sure to document the important contribu-
tions of the monitoring group to community
leaders, legislative bodies, and the community.
This may help establish program credibility
with funders and aid volunteer recruitment
cfforts. B
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Common Goals of Citizen Monitoring Programs:
¢ To supplement water quality data collected by professional staff in water quality agencies and scientific mstitutions.
¢ To educate the public about water quality issues.

¢ To build a constituency of citizens to practice sound water quality management at a local level and build public
support of water quality protection.

¢ To obtain data from remote areas during storms or during unique events in the watershed.

¢ To increase awareness about a problem in the estuary, such as the documentation of illegal discharges into the water.
+ To establish baseline conditions where no prior information exists.

¢ To determine water quality changes through time.

¢ To identify current and emerging problems, such as pollution sources, habitat loss, or the presence of non-
indigenous species.

Designing a Data Collection Form

Most monitoring data, including those collected by volunteer programs, are stored and managed by computer. Data users
and the database manager should be involved in the development of the data collection form to be sure that it clearly
identifies the information to be collected and that the information can be easily and accurately entered into the database.
Consideration should also be given to the ease with which the form can be filled out and understood by the volunteers.

Several suggestions for consideration when developing a data collection form are as follows:
¢ Print the form on waterproof paper, if possible.
e Keep it simple for volunteers to fill out.
e [f many of your volunteers are over 40 years of age, consider using larger type sizes (12 point and larger).
¢ [f possible, keep your data form to one side of an 8 1/2” x 117 piece of paper so that it can fit on a clipboard.
¢ Ask your volunteers for input on how the form can be improved.
¢ Remind volunteers that pencils are best when filling out the forms.
¢ Always include the full address and contact phone numbers of your program.
¢ On the back of the form, include:
— emergency phone number and notes about safety;

— achart showing the expected ranges for each parameter that is tested (this can help volunteers verify that they are using
the monitoring equipment correctly or determine whether their chemicals need to be examined for accuracy);

— steps to remember for collecting the sample or data; and
— an identification key of organisms (e.g., phytoplankton, SAV or macroinvertebrates).

¢ Specify on the form what units should be reported with the data. For example, if Secchi depth is measured in
centimeters, then put “cm”™ on the line where volunteers write their Secchi depth data.

¢ Include on the data form any equations needed to convert measurements. This will minimize the chance of error.

¢ Put a reminder that a value of zero should not be reported. Remind volunteers to report the value as less than the
lowest value that can be read with the equipment (Miller, 1993). For example, if the range of a test is 0-1 mg/l, the
smallest increment is 0.01 mg/l, and the test result is zero, report the value as “less than 0.01 mg/l” or “<0.01 mg/1.”

Appendix A contains several examples of data forms.
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Insurance, Safety, and Liability—Risk Management

Questions of insurance, safety, and liability
are always important considerations when
starting any program that will place
volunteers in the field. Insurance issues are
rarely the favorite topic of volunteer
monitoring programs. In fact, many programs
may not be fully aware of what their
msurance policies cover. Some may not even
have liability insurance.

If people are confused about issues of
msurance, safety, and liability (collectively
termed risk management), there is good
reason; this whole field is a tangle. To make
matters worse, laws differ dramatically from
state to state. For example, the interpretation
and validity of waivers depends to a large
degree on what state you are in. Workers’
compensation is another case in point: some
states allow volunteers to be covered while
others do not.

So, what is a volunteer monitoring
organization to do? The following sections
offer answers to some of the most common
questions. This is basic information; volunteer
groups are encouraged to seck legal advice
regarding any risk management issues.

Liability Insurance

Liability insurance protects you if you are
sued. The most common type is “general
liability,” which covers most bodily injury
and property damage claims. A liability policy
covering an organization does not necessarily
cover its volunteers in case they are sued
personally. You can get your organization’s
liability coverage extended to your volunteers,
but beware: once volunteers are added to the
list of insured, they are excluded from
collecting medical benefits under the policy if
they are injured. A general liability contract
protects the organization against claims
brought by a third party, and once a volunteer
is listed as an “insured” he or she is no longer
a third party. In other words, you cannot sue
yourself for damages.

Individual volunteers can also get liability

coverage under their own homeowners’
policies. It is especially important for each of
your organization’s board of directors to do
this, since by law they can be held personally
liable for damages caused by the organization.
Note, however, that most homeowners’
policies do not provide protection if someone
sues you for a purely financial loss.

Injuries to Volunteers

How can you protect your volunteers in
case they are injured “on the job™? In some
states, volunteers can be covered by workers’
compensation; call your state Department of
Employment for information about applicable
laws and the cost of covering volunteers. If
workers” compensation is unavailable or very
expensive, your organization may want to buy
a separate accident and injury policy for
volunteers. For a “supplemental” policy (one
that takes effect only after the individual’s
own medical coverage 1s exhausted), the cost
is usually only a few dollars per year per
volunteer. Another option is to include
volunteers in the medical payments portion of
your general liability policy; however, the
dollar amount of medical coverage in such
policies is usually fairly limited.

Insurance Through Partnering

Teaming up with a partner who has good
coverage 1s popular among volunteer
monitoring groups. In some cases, volunteers
sign a partner’s form, after which they are
covered by workers’ compensation. This is
ecasier and less expensive to do in some states.

For programs associated with a university,
participants may be considered university
volunteers and covered by the university’s
msurance policy. Student monitors may also
be organized under a larger umbrella
organization that affords coverage. The Boy
Scouts of America, for example, has a
division known as Explorer Posts, which
allow boys and girls to participate. Each Post
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focuses on a specific activity (in this case, the
water monitoring project). The group must
abide by all Explorer Post regulations, and
participants are eligible for low-cost insurance
coverage through the Boy Scouts.

Waivers

A carefully worded waiver can protect you if
you are sued for negligent (unintentional) acts.
Waivers are best suited for adults; those signed
by minors (persons under 18) usually do not
hold up in court.

It 1s important to make sure your waiver
clearly spells out all the risks involved in an
activity. Because states interpret waivers differ-
ently, i1t is impossible to design a standard form
that can be used in all jurisdictions. Consult a
lawyer for the best wording to use in your state.

Ghapter 3: Planning and Maintaining a Volunteer Estuary Monitoring Program

Risk Reduction

Prevention, as always, is the best medicine.
Volunteers should be trained to look for and
avoid hazards at sampling sites, to use the
buddy system, and to take appropriate precau-
tions when handling chemical reagents. Above
all, monitoring groups should stress that volun-
teer safety is always more important than the
data and that volunteers should never put them-
sclves at risk to obtain a measurement. See
Chapter 7 for a discussion of volunteer safety.

Equipment Insurance

Volunteer groups may also wish to consider
msuring their monitoring equipment for damage.
This 1s especially true for expensive gear. B

Paying for the Program—The Financial Side

Volunteer monitoring is cost-effective, but
not free. Depending on the equipment and
monitoring methods you choose, outfitting a
team of monitors can cost several hundreds or
thousands of dollars. Paying a salary (either
part- or full-time) to one or more volunteer
coordinators is also a critical component to
many water quality monitoring programs.
Dedicated staff members are needed to ensure
program continuity, train volunteers, manage
data, and ensure that data quality goals are
being met. The following sections offer
guidelines for finding the funds that will help
your program to grow and flourish.

Funding Sources

Fundraising is an important component of
running a successful volunteer monitoring
program. Without funding to cover program
costs, a program simply could not exist. The
principal sources of funding for volunteer
monitoring programs are government funds
and private contributions.

Government Funds and Support

Federal grants are sometimes available to
public or nonprofit non-governmental
organizations to initiate and maintain citizen
monitoring programs. Usually, these funds are
distributed through grants given by the state.
National Estuary Programs are eligible for
combined federal and state funds to support
research and public participation projects that
can include volunteer monitoring. Some
federal funding for volunteer monitoring
programs is also routed to state universities
from the National Oceanic and Atmospheric
Administration (NOAA) Sea Grant Program
and the Coastal Zone Management Program.

State and local funding sources may also
exist to implement and maintain volunteer
monitoring programs. Some state funding is
distributed only to state agencies, while other
programs provide funding to private organiza-
tions. Call your state and local agencies that
are responsible for water quality, coastal,
and/or environmental management to learn
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about resources and support they offer to volun-
teer monitoring programs.

States vary in the amount of support they
offer to volunteer monitoring programs. For
example, in Oregon, interested citizens are
trained in water quality monitoring techniques
by the Oregon Department of Environmental
Quality and supplied with all necessary equip-
ment. Alabama has an extensive statewide mon-
itoring effort that offers training, equipment,
and quality assurance procedures through
Alabama Water Watch, which is supported by
state and federal funds. Other states may not
provide equipment, but offer valuable assis-
tance in developing quality assurance project
plans and in selecting monitoring sites.

Private Funds and Support

Private contributions to fund your program
can come from corporate sponsorships, founda-
tion grants, individual contributions, fundraising
events, civic organizations, board members, and
even the program volunteers.

What’s in a Budget?

Foundations

Grants from foundations are very important
for volunteer monitoring programs throughout
the United States, and many resources list
sources of foundation grants.

A great way to begin your funding search is
by visiting Web sites. One site run by The
Foundation Center (http://fdncenter.org/) com-
piles information on more than 37,500 active
U.S. private foundations and corporate giving
programs. This resource, and others like it, can
help you identify appropriate funders. Ask your
local library or university if they have directo-
ries of foundations that you can review. Be sure
to read the description of each foundation care-
fully to learn if their funding goals are a good
match for your program.

Check also to see if your state has a nonprofit
statewide organization devoted to water quality
or environmental issues. Many of these organi-
zations provide research grants and offer fund-
ing that is available only within the state.

Budgets for volunteer water quality monitoring programs include some or all of the

following:

e staff salaries and fringe benefits;

¢ cquipment and refilling chemical supplies;

+ laboratory analysis;

« office overhead (phone, postage, duplicating, etc.);

e data management (software program, data entry, storage and retrieval);

e data analysis (including cost of a statistical software package);

e travel expenses (to train volunteers, perform quality assurance checks, attend local and
regional conferences, and promote the program);

e printing costs for annual reports and newsletters; and

e other expenses (conferences, Web site maintenance, etc.).

(Adapted from USEPA, 1990.)
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Local Sponsors

To find the initial funding that is needed to
start a volunteer monitoring project, many
groups also seek local supporters to underwrite
postage, printing, and equipment purchases.
The first step in this process is to identify
potential donors through research. Talk to the
leaders of other local nonprofits and ask them
about their supporters. While some nonprofits
may not want to let you know where they get
their funding, others will be willing to give you
helpful sources. Make a list of all the people,
local businesses, and other organizations that
share an interest in the water quality of the estu-
ary.

Prepare a brief, focused statement outlining
what the volunteer estuary monitoring program
hopes to accomplish. Make appointments to
meet with prospective supporters, and let them
know how their support will benefit the com-
munity. Ask for a specific amount of funding.
Corporations have to be convinced that part of
their advertising budget should be spent on
your program, so be sure to let them know how
you will acknowledge their support.

Keep in mind that local sponsors may fund
what 1s important to them and their employees.
If their employees can and want to participate
n the project, the employer is more likely to
help fund the project.

Special Events

Another fundraising strategy is to plan a spe-
cial event. In addition to raising funds, this
approach can generate publicity about your vol-
unteer monitoring program, help educate the
citizens i the estuary watershed, and recruit
new volunteers. In fact, many events may focus
less on fundraising than on gathering new sup-
porters.

Special events can take a great deal of effort
to plan, so be sure this goal is achievable. Some
special event ideas include: a concert on a
beach, a festival or fair, a dinner with a guest
speaker, or an auction of donated items. Local
businesses, newspapers, and radio stations are
mmportant partners to line up early in the plan-
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ning process. The publicity offered by local
media will help ensure good attendance for
your event (see “Promoting the Program—
Working with the Media™ in this chapter for
more information). Also consider “tagging”
your fundraising event onto an established com-
munity event. For example, if your community
has an annual festival, your group could plan
one aspect of the festival and keep the pro-
ceeds.

Board Members

In addition to contributing time, professional
knowledge, and expertise, the board members
of some volunteer organizations are also
responsible for giving and getting financial sup-
port. If your program decides to have a board
and if fundraising is to be one of the board
responsibilities, prospective board members
need to understand this expectation.

Membership Support

There are pros and cons to having a dues-
paying membership as part of your monitoring
program. On one hand, the people who live
near the estuary and in its watershed are often
mterested in the water quality data that will be
generated; as a result, they may be willing to
help financially support your volunteer moni-
toring program. But maintaining membership
records will take time and effort on the part of
program staff. All donors must be thanked
promptly, and records must be kept so that
members can be billed when their memberships
have expired. Members will also expect to be
kept informed of program accomplishments,
which might require the development of a
newsletter or Web site.

In-Kind Donations

Many people and companies cannot con-
tribute cash to your program, but would be will-
mg and able to lend their support with in-kind
gifts. In-kind donations of goods and services
can offer tremendous support to a volunteer
monitoring program. A graphic designer can
donate time and expertise to develop a

3-9

Volunteer Estuary Monitoring: A Methods Manual



Chapter 3: Planning and Maintaining a Volunteer Estuary Monitoring Program

Fundraising Is About Relationships

To develop funding, develop relationships. Fundraising is a long-term process; vou need to
build a relationship that benefits all involved. Establishing relationships with multiple funders
will help you to ensure that you are not too dependent on one funding source.

After identifying funding sources, make personal contact with them. Call the contact person at
a funding organization and ask a few questions about how your proposal can be targeted to
the organization’s funding goals. Your best chance to receive funding will be from
organizations whose philanthropic philosophies match your program goals. For example, if
potential funders are mainly interested in education, then highlight the educational aspects of

your water quality monitoring project.

In order to survive as an economic entity, integrate fundraising into everything you do as an
organization. Your program volunteers can also be valuable fundraising assets, as they can
promote the program with others in the community.

brochure. A local printer or truck company can
donate printing or hauling services. Individual
volunteers can also assist with other non-moni-
toring activities, such as fundraising, writing
press releases, educating the public, and doing
administrative work.

Other volunteer monitoring programs can be
another source of valuable support. Several
non-government organizations around the U.S.
conduct volunteer estuary monitoring (see Ely
and Hamingson, 1998), and have gained knowl-
edge and skills that they can share with newer
programs. Conversations with these other envi-
ronmental, school, community, and civic groups
can greatly shorten your learning curve.

Writing a Successful Proposal

When writing a funding proposal, make your
project sound exciting and focus the project
description so that it appeals to the funder.
Written proposals are sometimes the only
opportunity you will have to present your pro-
gram to funders. It is your chance to show them
that your organization is credible, has a strong
structure, and will be a valuable asset. Funders
need to be convinced that your program will be
successful and worth the investment. They want
to feel as if they will be part of a successful
project that will lead to tangible results.

Make sure that the proposal is professional

and complete, and that it “sells” the importance
of the project. A successful proposal should
contain the following;:

¢ cover letter (brief summary of the project,
amount of funding requested, signature of
top staffer, and contact person’s name and
phone number);

e introduction (description of organization,
mission, population served, why your
organization is best suited to do the pro-
ject);

¢ project goal (and how it fits in with your
mission);

e project objectives (specific measurable
steps to meet the goal);

¢ request (specific dollar amount
requested); and

e cxpected results.

When presenting a funding proposal:

« read the foundation’s or grant’s guidelines
carefully and follow them exactly;

¢ ask for the right amount (know the foun-
dation’s limits);

¢ be succinct;

¢ do not misrepresent a “partnership™ or
exaggerate any aspect of your goals; and
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¢ highlight the expertise that the program
leaders bring.

It is critical to make your issue relevant and
understandable to funders. Be careful to use
layperson’s terms in your writing, and do not
assume that the person reading your proposal
knows acronyms or technical terms. After you
have written your proposal, ask someone who
1s unfamiliar with your program’s goals to read
the proposal. If your reader is unclear about any
aspects of your proposal, your prospective fun-
der will likely be unclear as well; a rewrite is
necessary.

Keep Funders Happy!

No matter what your source of funding, it 1s
mmportant to keep your supporters happy!
Remember: The same people who make
decisions to support your program need to
feel that their support is appreciated.

Be sure to acknowledge and thank your fun-
ders every time they provide any support.
Keep them informed about the progress of
the program and invite them to attend your
receptions, banquets, workshops, training
sessions, or demonstrations. Companies,
foundations, and individuals often hope to
mcrease their visibility within the communi-
ty in return for their cash or in-kind dona-
tion. You can acknowledge their support by
mcluding their names and/or logos in press
releases, brochures, reports, or even T-shirts
made for the volunteer monitors. Make sure
to get approval from the funders before
using their names or logos; some donors pre-
fer to remain anonymous.

Forming Partnerships

Being part of a partnership with other organi-
zations can help your chances of getting a
grant. Funders like to see that your program is
in a partnership, as this shows that your pro-
gram is supported by others in the community.
Partnerships also convey that the expertise of
many people will be contributing to the pro-
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gram. Many foundations like regional efforts
and prefer to make larger grants, so partnering
with other groups to make joint applications 1s
very beneficial.

Some funders require nonprofit tax status
[called 501(c)3 status] from the Internal
Revenue Service. Obtaining this tax status 1s an
mmportant step for a nonprofit group, but the
process can be lengthy and requires a fee of up
to $500. If you do not have this tax status, then
maybe you can partner with a group that does
have it.

Partnerships have additional benefits. A vol-
unteer program should look for other groups in
the area doing similar projects in adjacent or
complimentary waterways. Partnering with
these groups could lead to cost savings on sup-
plies (buying in bulk is cheaper than buying in
small volumes) or hiring consultants or staff
(one person could work on several projects).

Your monitoring program can also gain
strength by taking advantage of opportunities
provided by government agencies. Several
agencies are involved in volunteer estuary mon-
itoring on the federal, state, and local levels.
Federal agencies, such as the U.S.
Environmental Protection Agency (EPA), sup-
port volunteer monitoring by sponsoring sym-
posia on volunteer monitoring, publishing
newsletters, and developing guidance manuals
(see references at the end of each chapter and in
Appendix B).

Another federal program interested in assist-
ing volunteer monitoring programs is the
National Estuarine Research Reserve System
(NERRS), which is administered by the
National Oceanic and Atmospheric
Administration (NOAA). Also, learn if your
estuary is part of the National Estuary Program
(NEP). This program, administered by the EPA,
targets a broad range of estuary-related 1ssues
and engages local communities in the process.
NEPs work with volunteer groups and federal
and state agencies to gather critical data about
their estuary. Many NEPs host informational
workshops for volunteer monitors and support
volunteer groups in other ways. l
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Some Funding Challenges

Many funders insist that all grants go toward direct project expenses and will not allow any
money to go to administrative or overhead costs (e.g., rent, phone bills, electricity). This restric-
tion can be a challenge, given that there are administrative overhead costs associated with run-
ning any program. There are other terms you can use in your budget instead of “administrative™;
for example, you may use phrases like “contacting volunteers™ and “program development
costs” to cover some phone calls, photocopying, etc. Developing a partnership with other like-
minded groups can also help defray some of these overhead costs.

Some grants are paid on a reimbursement basis. For new monitoring groups, this necessitates
finding a source of money to pay the bills while waiting for the reimbursements.

Promoting the Program—Working with the Media

Now that you have clearly established the
primary goal or goals and know the program
priorities, your challenge is to meet your objec-
tives by focusing your resources and mobilizing
the community. Publicizing a volunteer moni-
toring program through the television, radio, or
newspaper media is an effective, cost-efficient
method to reach citizens in the watershed. The
rewards of successful press coverage can be
high as the public will learn about the estuary
and the efforts of your group.

Working with the media requires logistical
planning. Create a communications strategy
that is an integral part of the monitoring pro-
gram; make communications a priority and
allow time to prepare press releases and meet
press contacts.

People are interested in reading or hearing
about their local environment—it is a quality-
of-life issue to readers. Yet getting the press to
pay attention to a volunteer monitoring program
1s sometimes a challenge. Reporters look for the
“big story,” but many of our current environ-
mental woes are accumulative problems from
what we do on a daily basis and have done for
years. Onetime specific events, such as a sewer
overflow, will usually receive coverage and can
be good opportunities to include information
about the bigger problems of water pollution.
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Many reporters want to write about community
groups and environmental issues, but their first
and most pressing concerns are breaking news.

Press Releases

To help get the word out about your
program, press releases are priceless! A press
release 1s a one- or two-page document that
mforms newspaper and electronic media
about your program and its goals, findings,
upcoming events, need for volunteers, and
other topics of interest. Writing one press
release and sending it to many local news
outlets 1s a cost-cfficient and effective method
to inform the community about your program.

As you write a press release, know what
you want to say, whom you want to reach,
and what you want the reader or viewer to
“take away.” Think about why the health of
the estuary is important to the readers or
viewers.

To increase chances of getting an article in
a newspaper, do your best to write the story
for the reporter. A well-written press release
stands a better chance of getting published
without many modifications, thereby reducing
the likelihood that your message gets
presented incorrectly. You have to anticipate
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how the press would present the topic. Frame
the 1ssue the way a journalist would, and
think about what would be their lead. Give to
the press the “who, what, where, when, why,
and how.” Remember: You often have to
educate reporters and inform them why they
should care about your issue.

Make it easy for reporters to contact you if
they have questions or want to interview you.
At the top of the press release, provide a
contact person for the press to call for more
mformation. You may also want to include at
the end of the press release a contact name
and number for the public to use (this may be
a different number from the press contact).

The timing of press releases is important.
Press releases are best sent to newspapers
about two weeks before the event to allow
photographers and writers to be scheduled.
Television stations should receive your press
release one to two weeks prior to the event. It
1s best to mail or fax press releases, then call
the reporter to see if he or she has any follow-
up questions. Take time to call reporters and
give them “background” information about
your organization.

When writing a press release, it helps to
have a bold, recognizable masthead on your
stationery. For other professional touches,
contact a local advertising agency to learn if it
would donate the time of its professional staff
to assist you. Also, check with your local
library for books with specific examples of
model press releases.
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Press Conferences

A press conference should be
an organized event that has
been well thought out and
delivers specific news. In other
words, press conferences must
have substance. If your
program has discovered an
issue that is of interest to the
community or if findings from
your volunteer monitors have
led to a significant event, hold
a press conference. For good
visuals, invite the press to
cover a real activity (not a
posed shot) and let volunteers
know that they will be
photographed. Also, prepare
good charts or graphics to
show the data you have
collected. Local maps showing water
conditions are also effective. Press
conferences that merely announce upcoming
events are seldom attended by busy reporters,
and 1f the reporters show up and are
disappointed by the lack of content, they may
not come again to more “worthy™ press
conferences.

The timing and location for a press
conference are important. Early in the day is
preferred, as it allows plenty of time for TV
stations to edit the tape before the noon and
evening news broadcasts. Choose a place that
has good visuals, such as a location along a
waterbody that you have been studying or at
your headquarters where volunteers can be
shown working in the background. B

When working with the media, always be
prepared for an interview. Have your
facts together and use humor, analogies,
and inspiration whenever possible (photo
by PhotoDisc).
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Tips for Working Successfully with the Media:

¢ Develop long-term professional and personal relationships with reporters, editors, and
producers at your local news stations and newspapers. Reporters value contacts with
reliable, credible non-government groups like volunteer monitoring programs.

¢ Write a short fact sheet about your program.

¢ Create media materials that are clear, concise, and understandable to the general public.
Edit and format materials so that reporters under deadline can read them quickly and
easily.

¢ Localize. Make the issues into stories that address the local community.

¢ Use humor, analogies, and inspiration in your interviews.

¢ Include graphics, charts, and visuals, which draw the attention of reporters.
¢ Highlight citizen and student involvement.

¢ Pecople are more interesting than facts, and animals are more interesting than people. Use
animals, protesting citizens, or interested students as a “hook” with the press.

¢ Write a short summary of your group’s findings (two pages with one visual aid) and send
it out with a press release.

e If a reporter wants information over the phone, ask if you can return the call in five
minutes. Take those five minutes to write down the major points you want to make, then
call the reporter back. This way, you will be focused on the two or three most important
points you want to make in the interview.

¢ Know reporters’ deadlines. They tend to be busiest in the afternoon trying to meet
deadlines, so call them in the morning.

¢ Always cover the important details: who, what, when, where, why, and how.
» Give good directions to the event or field site.

¢ Explain the topic in simple terms. Avoid terms like “nonpoint source pollution™; instead,
show how people and animals will be impacted.

¢ Be flexible in scheduling the media. Understand that “late-breaking’ stories may require
you to reschedule an interview.

¢ Designate spokespeople and have them practice their communication skills.

¢ Always say the full name of your organization—not an acronym. In fact, avoid using
acronyms altogether, since most people are unfamiliar with them and will not understand
what you are talking about.

e Remember that television stations have broader geographical arcas of interest than
newspapers.

¢ Plan to have interesting visuals, an articulate spokesperson, and video to illustrate a
point. These are required if you want to get television coverage.
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Ghapter 4: Recruiting, Training, and Retaining Volunteers

Overview

Not surprisingly, volunteers are the basic ingredient of a successful volunteer
monitoring program. These citizens bring more than just manpower to the
monitoring program—they also bring a passion to understand, protect, and/or
restore the estuary. Trained volunteers can serve an irreplaceable role as
community educators as they conduct their monitoring duties and share their

knowledge with others.

Although states monitor water quality and other environmental parameters of
estuaries, there are limits to the coverage they can provide. Volunteers can
supplement this work by monitoring in areas where officials are not sampling.
State officials can then use this information to screen for areas of possible
contamination, habitat loss, or other conditions that impact the health of the

estuary.

This chapter discusses how to recruit, train, and retain top-notch volunteers.
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Recruiting Volunteers

As you recruit volunteers, it is helpful to
understand what motivates people to donate
their time and energy to a volunteer effort.
Citizens may commit not only because of
their conviction in the merits of the cause, but
also because they will personally benefit from
the experience. Many people volunteer for
service reasons; they believe in the cause and
want to help. Others hope for new friendships
and enjoy the social interaction with like-
minded individuals. People are also interested
in personal and career growth, and enjoy
meaningful work that gives them new skills
and knowledge.

In addition to reasons why people mitially
volunteer for a project, there are important
reasons why they continue with the program
year after year—recognition, respect, and a
sense of accomplishment. Volunteers must
feel that their efforts are appreciated and
recognized, that the group respects their skills,
and that their work produces results. Keep
these motivational factors in mind as you
create your recruitment materials and as you
develop a plan to recognize the efforts of
long-term volunteers.

Before you recruit volunteers, you must first
know how many the program requires in its
“start-up”” phase. For example, if you have
enough monitoring equipment for 10 teams of
volunteers and each team is to be comprised of
2 or 3 people, then your recruitment goal
should be 20 to 30 volunteers. Some programs
start with a small number of people who are
mvited personally to serve as volunteer
monitors. Later, as the program grows and
needs more assistance, all interested citizens
can be invited to join the effort.

A first step in finding volunteers is to
identify all organizations and individuals in
the area who might want to participate in the
project. Likely groups include civic associa-
tions, watershed associations, environmental
advocacy groups, and government agencies.
Individuals interested in volunteering might
be waterfront property owners or commercial

and recreational users of the estuary. Retired
citizens and disabled individuals can make
outstanding volunteers. Schools in the
watershed are also potential sources of
volunteers. Speak with teachers at local
elementary, middle, and high schools,
community colleges, and universities.

Strive to recruit volunteers from a wide
range of backgrounds. This diversity helps
establish the credibility of the program,
ensures cooperation within the community,
and provides the bonus of educating a greater
variety of citizens in the community.

Certain types of individuals or groups may
be more suitable than others for your
particular project. If a primary goal of your
monitoring program is education, then
integrating students and youth groups into
your program will help meet that goal.
However, if your goal is year-round data
collection using expensive and precise
equipment, retired citizens may be more
suitable and reliable. Some programs report a
failure to integrate students and youth groups
into long-term monitoring programs because
of the commitment required and the need for
summertime sampling.

Many towns and cities have volunteer
centers or “hotlines” which serve to connect
potential volunteers with programs. Inquire
with towns located within the monitoring arca
to see if such volunteer centers exist. Other
ways to reach potential volunteers are through
your program Web site or sites managed by
local communities. Local newspapers often
will publish a “call for volunteers™ as a
community service.

A press release to local newspapers is an
effective method to let the public know of
your need for volunteers. See Chapter 3 for
information on working with the media to
publicize your program and its need for
volunteers. An attractive brochure or flier
describing the overall volunteer monitoring
program can also be an effective recruitment
tool.
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Whether you promote by using a press
release, brochure, or other method, be sure to
mclude information on the objectives of the
program and describe the benefits to the
volunteer and to the estuary. Also explain
what will be expected of recruits. Potential
volunteers will need to know:

¢ monitoring site locations;

e project duration and length of
commitment required;

e sampling frequency;

e required equipment (e.g., car, boat,
sampling gear, etc.); and

Training Volunteers

A successful monitoring program requires
well-trained volunteers. Few other aspects of
the program are more important, so adequate
time and money should be budgeted annually.
Without volunteer training, usable, high-quality
data cannot be obtained and volunteers will
soon grow frustrated. Proper training provides
the common ground necessary for a well-
designed and scientifically valid data collection
effort. Your program’s volunteer coordinator
plays an important, key role in the success of
the entire effort.

Training citizen volunteers is time
consuming and demanding. Nevertheless,
successful training sessions are key to a long-
term and effective monitoring program. It is
well worth the effort to devote this time to the
volunteers.

Introductory training ensures that all
volunteers learn to collect and analyze
samples in a consistent manner. This training
will also introduce new volunteers to the
program and its objectives, and will create a
positive social climate for the volunteers.
Such a climate enhances the exchange of
information among participants and the
volunteer coordinator. Training provides the

 volunteer qualifications, if any (keep in
mind that setting specific volunteer
qualifications will limit participation in
the program, possibly below an
effective minimum level).

Short slide presentations that describe the
program and show some of the sampling
equipment and techniques can be a very
effective recruitment tool. This will make it
easier for potential volunteers to determine if
they would be interested in volunteering and
if they are capable of carrying out the
activities requested of them. H

volunteer with the critical
mformation necessary to “do the
job right.”

Continuing education and
retraining sessions, in which the
volunteer coordinator reintroduces
standard methodologies and
presents new information,
equipment, data results, or
mformative seminars, are also
extremely useful. Such sessions:

¢ reinforce proper procedures;

e correct sloppy or imprecise
techniques;

« facilitate resolution of
equipment or logistics
problems; A volunteer collects a sample for

bacteria testing. Practicing sampling

° allow, volunteers to,a,Sk, . techniques in the field is an effective

questions after familiarizing way to reinforce what is learned in

themselves with the field the classroom (photo by E. Ely).

techniques;

e encourage a “‘team effort”
attitude;

¢ make experienced volunteers feel
mtegral to the program by encouraging

4.3
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will be monitored.

Sample Job Description: Volunteer Monitoring Coordinator
The Volunteer Monitoring Coordinator has the following responsibilities:

+ In consultation with state agency personnel and other interested parties,
determine which waterbodies and which parameters in these waterbodies

e Recruit volunteers for each project. This will involve contacting interested
groups, elected officials, and possibly businesses and industries in the area.

e Make arrangements for a place to conduct a training session and arrange a
time to suit a majority of volunteer monitors. Train any volunteers who are
unable to attend the training session.

¢ Keep in close touch with individuals at the beginning of project. Answer
any questions volunteers may have. Read over each data sheet as it comes
m and contact any monitors who seem to be having trouble. Send refill
reagents and replacement equipment upon request.

e [frequired, enter all data in a suitable computer filing system. Carry out
documentation and verification on the data. Provide plots of data to

Volunteers receive sampling monitors and to data users. Carry out preliminary data interpretation. (Other
instructions aboard a boat in staff or volunteers may carry out these management activities. If so, the

California’s Los Angeles River
(photo by R. Ohrel).

volunteer monitoring coordinator will assume an advisory role.)

¢ Provide feedback to participants and data to users. This will involve writing
progress reports and articles for publication in the program newsletter.

e Plan for and carry out quality control sessions.

» Prepare quarterly reports for the sponsoring agency.

(Excerpted and adapted from USEPA, 1990.)

them to supply valuable feedback to the
mstructors; and

¢ provide educational opportunities to the
participants.

Volunteer training can be divided into three
broad categories. Each has a different
purpose, but together they should complement
one another and make the training program
well-rounded.

The categories are:

e introductory training to describe the
program, teach standard methods, and
motivate the volunteers;

e quality assurance and quality control
(QA/QCQ) training to ensure consistency

and reliability of data collection; and
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e motivational sessions that encourage
imformation exchange, identify
problems, and provide a social
atmosphere for participants.

Although the different sessions will vary in
content, the procedures necessary to present
the material are fairly constant. Volunteer
training may be broken down into five
separate steps, which are described below.

Step 1: Describing the Volunteers’ Duties

Prior to citizen involvement, the program
manager must develop a detailed blueprint of
cach volunteer monitoring task. This “job
description” spells out in sufficient detail
every step a volunteer must complete to col-
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lect data for each parameter.

The job description standardizes the data col-
lection process and ensures that each volunteer
samples in a consistent and acceptable manner.
Consistency allows for comparisons of one sec-
tion of an estuary to another section or between
estuaries. Additionally, when the sampling
methods are consistent, managers can more eas-
ily identify data outside the norm and evaluate
whether they result from unusual conditions or
faulty collection techniques.

There are some critical questions that need to
be answered as you create standard operating
procedures (SOPs), or written protocols to be
used by the volunteers for each parameter that
your program will monitor. The questions
mclude what water quality parameters are to be
tested and what level of quality is required for
each parameter sampled. These questions are
discussed in detail in Chapters 3, 3, and 6.

Many programs provide their volunteers with
a handbook or manual that has been written
specifically for their program and details the
program SOPs. This written description pro-
vides each volunteer with a readily available
reference that clearly describes how to sample
while serving as a reminder of the correct
methodology. Additionally, it helps to minimize
the number of times the volunteer coordinator
has to answer the same questions. Throughout
the handbook, safety should be stressed (see
Chapter 7 for information on volunteer safety).

The handbook should include the steps for
cach sampling task. Many of the sampling pro-
tocols summarized in this manual are suitable
as basic task descriptions. The author of your
program handbook can excerpt the descriptions
from these chapters and embellish them with
mformation unique to your program and its data
collection tools and methods. A separate proto-
col should be drafted for each major parameter
being measured.

Volunteer coordinators can also use their
handbook to:

¢ recruit new volunteers;

¢ cvaluate the ability of volunteers to
complete the monitoring tasks
accurately; and

4.5

* assist new programs
in developing their
own protocols.

Writing the monitoring
tasks provides volunteer
coordinators with the
opportunity to fully
evaluate the job at hand
and improve potentially
troublesome areas. Once
the handbook is com-
pleted, volunteer coordinators and a few
volunteers should test and refine the protocols
under field conditions. Volunteer coordinators
and key volunteers should reevaluate the
handbook regularly—especially as the
monitoring program expands to include more
environmental parameters.

Volunteers review laboratory techniques (photo
by The Ocean Conservancy).

Step 2: Planning the Training

With a completed volunteer handbook,
training sessions can be designed. Usually,
programs will find that group sessions are the
most cost-effective means of training the
volunteers. In some situations, however,
mdividual instruction may be the only feasible
option.

Group sessions are preferred for all training
classes because they are generally
mexpensive, efficient, encourage interaction
among the volunteers, and foster enthusiasm
for the program. The training sessions should
be scheduled according to the needs and
availability of your volunteers. If your
volunteers are mainly people who work
during the day, schedule training sessions in
the evenings or weekends. A better option
would be to offer a variety of training times
and let your volunteers pick the time that fits
best into their schedules.

Training sessions are also the ideal time to
outfit each new volunteer with a complete set
of the required sampling equipment.
Established volunteers may require additional
equipment, blank data sheets, and refills of
the reagents for their analysis kits.
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Training Sessions

A training session agenda should include:

A presentation on goals and objectives of the project. The presentation should include
the reasons for monitoring, historical information on the estuary, the problems it faces,
expected uses of the volunteer data, and how the project will benefit volunteers, the
community, and the state. Let volunteers know how the monitoring program will make
differences in the region and throughout the watershed.

A review of what 1s expected of the participants including how long the training
session will last and the proposed length of the entire volunteer effort.

Distribution of all equipment, a general explanation of its use, and a discussion of what
equipment is particularly fragile, what constitutes equipment abuse, the replacement
policy and cost, and the return of equipment at the end of the project.

A thorough overview of all necessary safety requirements.

An overview of the monitoring procedures, preferably with an accompanying slide
show.

A demonstration of proper use of monitoring equipment and sampling techniques. The
trainer should demonstrate the proper methods and then circulate among the
participants as they practice the procedures.

An overview of proper preparation of samples for shipment.

(Excerpted and adapted from Ellett, 1993.)

If each volunteer 1s may emerge under less predictable ficld
expected to monitor many conditions. Most volunteers are quite
parameters, the instructor enthusiastic about getting onto the water or
may need to schedule more seeing a new area of the estuary and they
than one session. Too much often approach their sampling with renewed
information presented at a enthusiasm after participating in a field trip.
single session may When volunteers live over a widely
overwhelm and eventually scattered area, require assistance for a special
discourage the volunteers. problem, or are unable to attend a group

A volunteer co odin afor reviews insiructions Training volunteers for session because of work or family obligations,

with a team of volunteers (photo by field sampling ideally takes a volunteer coordinator may need to meet

K. Register). place in the field. Group with them individually. One-on-one training is

field trips, either for certainly more time consuming and

advanced training or special educational expensive, but it allows the instructor to focus
sessions, are wonderful means of motivating on the particular problems or needs of a single
volunteers while teaching them additional volunteer. In return, this individual attention
skills. Furthermore, problems that might not may help maintain the volunteer’s dedication

arise during training conditions in a classroom  to the program.
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Understanding Adults as Learners

Unlike schoolchildren who are trained by adult teachers, adults require a different tact when
it comes to education. If some or all of your program volunteers are adults, then the trainer
needs to appreciate the learning process for adults and design training programs accordingly.
Four pertinent characteristics of adult learners are listed below, accompanied by suggested
ways to address them during the training process.

¢ Adults are mature and need to control their learning.

Traditional classroom learning gives the teacher the power while the student is passive,
but adult training should allow the students to have a key role in directing the learning
process. When beginning a training session, present your objectives and session agenda to
the volunteers. Give them an opportunity to discuss and adjust the plan. Get to know your
volunteers before or during the training. Find out why they are participating in the
monitoring program and try to design their “job” to satisfy their interests.

Adult learning requires a climate that is collaborative, respectful, mutual,
and informal.

Adults bring vast personal experiences to the learning process. It is essential that the
trainer recognize and use this experience. Minimize lectures. Retention is increased when
we become actively involved in the learning process. Training sessions should be paced to
allow time for volunteers to hear about the monitoring program, perform the techniques
themselves, and then reflect on the learning by asking and answering questions. Provide
opportunities for group work. Use your experienced volunteers to mentor newer
volunteers. Reinforce your instruction by designing problem-solving exercises for groups
to work on. Traditional classroom teaching assumes that students learn well by listening,
reading, and writing, but in reality people have a variety of learning styles. Some people
learn best through logic and problem solving; others prefer to learn through pictures,
charts, and maps. Some work best on their own, while others work best in groups.
Learning styles are very individualized, and group exercises can be designed to provide a
variety of learning environments. Encourage volunteers to share experiences and
expertise, and provide them with additional learning materials.

¢ Adults need to test their learning as they go along, rather than receive background
theory and general information.

Adults need clear connections between content and application so that they can anticipate
how they will use their learning. Start your training session with kits and techniques, and
save the lecture on ecology for later. Let them know how their data will be used, and ask
them what they think needs to be done to improve the estuary. Have them discuss how the
monitoring will help them achieve project and personal goals. Provide time in the training
to discuss how the volunteers will use their new knowledge. Remember that when
volunteers are in the field, curious onlookers may ask them questions about what they are
doing and why. Use role-playing to build their confidence so that they can educate their
communities about the resources they are monitoring. Use other volunteers as trainers,
and provide opportunities for volunteers to take on new challenges.

(continued)
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(Understanding Adults . . . continued)

¢ Adults expect performance improvements to result from their learning.

Adult learning needs to be clearly focused in the present and be “problem centered” rather
than “subject centered.” Help volunteers evaluate your training and their own
performance. Train volunteers in groups. Encourage them to set goals for themselves and

then mentor each other to achieve those goals.

(Excerpted and adapted from Kerr, 1997.)

Step 3: Presenting the Training

A well-conceived plan for instruction along
with simple handouts is key to a useful
training presentation. Instructors should make
the most effective use of participants’ time.
Volunteers, like most students, appreciate a
well-organized and smoothly paced class.
Four major steps constitute an effective and
lively training session: preparation,
presentation, demonstration, and review.

Preparation

Preparation for class is critical. The
sampling protocols provide a basic framework
for the mitial training session. With the basic
information mn hand, the instructor must then
tailor the lesson to the audience. The
instructor should try to anticipate those
portions of the lesson that may cause
confusion and be prepared to clarify these
arcas. Volunteers should be invited to ask
questions throughout the session.

Instructors should make appropriate use of
audiovisual materials to enhance the
presentation. All equipment should be in the
room at the start of the session, in good
working condition, and ready for use. Slides
of the estuary and of volunteers in action are
a good teaching device and tend to hold an
audience’s attention.

Presentation

Knowing the material thoroughly and
having the information well-organized are
critical to an effective presentation. Ensure a
successful session by using these tips:
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Be enthusiastic about the subject!
Enthusiasm inspires dedication.

Establish a good rapport with the
audience.

Get the audience involved in the talk
and keep the presentation lively.

Utilize visual aids.

Speak loudly enough to be heard
throughout the room and enunciate
clearly.

Be humorous.
Use eye contact.
Encourage questions and comments.

Use anecdotes throughout the
presentation.

Maintain good posture and positive
body language.

Volunteers with no background in science
may require additional explanation or
assistance so that they understand the
importance of high quality data collection
methods and the proper use of scientific
equipment. Although separate sessions for
experienced and untrained volunteers are
preferable, some instructors may elect to have
a single session with experienced volunteers
helping those who are new to the program.

If the pace drags because one or two
volunteers are slow, the rest of the volunteers
may quickly become annoyed and bored.
Slower students may require individualized
attention at a later date.
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Demonstration

Two types of demonstration are effective
training tools: one in which the instructor
shows the techniques to the volunteers and
another in which the students practice the
outlined procedures under the watchful eye of
the instructor. An effective teacher can
icorporate both into a training session.

The instructor should demonstrate the
sampling protocols. Viewing the execution of
a procedure is more meaningful than simply
reading the instructions. Once the volunteers
are familiar with the techniques, they can then
repeat the procedures under the tutelage of the
mstructor. These practice sessions can take
place in the field or classroom and give
volunteers the confidence to transfer these
newly learned skills to their own monitoring
site.

Review

A good learning session should end with a
review of the material. Summarizing
reinforces the salient points and assists the
volunteers in retaining the information. As in
the training exercise, volunteers should be
mvited to ask questions during the review. At
the close of the session, the instructor can
mform participants about upcoming events
and future training opportunities and reiterate
the importance of citizen monitoring and data
collection.

Step 4: Evaluating the Training

High quality data reflect successful
volunteer training. To ensure that the sessions
are effective and successful, include written
evaluations as an integral part of the training
process. While an instructor may feel that the
sessions are adequate, only the volunteers
know how much they have learned and
retained.

Evaluation of the training should include an
assessment of’

e training techniques and style;

¢ information presented;
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e classroom atmosphere; and

¢ use of handouts and audiovisual aids.

Volunteers may provide feedback at the end
of the sessions. The true test of an effective
session, however, is how well the volunteers
perform in the field. A follow-up evaluation
form, sent to participants after a few weeks of
sampling, may pinpoint any weaknesses in the
presentation.

Members of the monitoring program may
also want to accompany volunteers into the
field and examine their sampling techniques
as they work unassisted. Such spot checks can
identify areas in which the volunteers are
encountering difficulties. It is important to
explain to volunteers that these observation
sessions are an important part of the quality
control that is needed for high quality data.

If large numbers of volunteers are
experiencing problems in carrying out the
sampling protocols, you may want to revise
the format of the training sessions or have a
new instructor take over. The evaluation
process should be ongoing to ensure that all
the sessions consistently meet a high standard.

Step 5: Follow-Up Training/Providing
Motivation and Feedback

While the initial training sessions are
designed to give volunteers all the basic skills
to successfully complete their sampling,
training does not stop there. Follow-up
advanced training sessions, either through
one-on-ong interaction or with a group of
volunteers, is imperative to keep volunteers
enthusiastic, motivated, and collecting good
data. In some monitoring programs, volunteer
coordinators conduct site visits shortly after
the training session in order to spend time
with each volunteer personally. In addition to
building a closer relationship between the
volunteer and the coordinator, these visits can
answer questions about the monitoring
protocol.

One focus for advanced training sessions
should be quality control (QC), which is
extremely important in all monitoring
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programs. The challenge of volunteer
program managers is to carry out QC
exercises that assess the precision and
accuracy of the data being collected, but are
also fun and interesting for the volunteers.
Experienced volunteer coordinators
recommend turning these quality control
sessions into educational and social
opportunities for the volunteers, while making
sure that volunteers understand why QC is
mmportant. For more on QC, see Chapter 5.

The first QC session should be held about
3-4 months after sampling begins to make
sure that all monitors are sampling and
analyzing in a consistent fashion and to
answer any questions. Thereafter, two QC
sessions should be held each year if sampling
goes on year-round. If sampling is carried out
on a seasonal basis, training sessions for new
monitors and retraining for program veterans
can be held at the beginning of the sampling
period, with a QC session scheduled for the
middle of the season.

Volunteers should be expected to attend all
scheduled sessions. If a volunteer cannot
attend at least one session a year, the
volunteer coordinator (or a trained assistant)
should make a site visit and evaluate the
sampling procedures of the volunteer.

Quality control exercises should be as
mteresting as possible. As two options,
attendees can:

e carry out the tests on the same water
sample with their own equipment the
way they do it at their site, filling out
and submitting a data collection form
with their results; or

¢ recad and record results from previously
set up laboratory equipment and kits,
similar to a classroom laboratory
practical exam.

Data collection forms with the recorded
results are submitted independently. The
results can then be compared to determine
bias. Results from these sessions also measure
how well the group members perform and
how precisely they measure the characteristics
and constituents required.

In addition to ongoing training sessions that
stress quality control, monitoring programs
should offer individualized training to
volunteers who require it. Though less time
efficient than training a group of people, it has
many other benefits. For example, an
individual session:

¢ permits the volunteer to ask questions
particular to a site;

* allows the instructor to solve specific
problems in the field;

« indicates to the volunteer that his/her
data are important;

¢ gives the instructor feedback on training
effectiveness;

¢ cnhances communication between the
volunteer coordinator and the volunteer;

¢ motivates the volunteer; and

¢ provides a forum for introducing new
methods.

Continuous communication with volunteers
is critical. In addition to going into the field
with specific volunteers, the volunteer
coordinator should also consider phoning
other volunteers who may not require face-to-
face contact. A phone call lets volunteers
know that the volunteer coordinator is
mterested in their progress and gives them an
opportunity to ask questions. Informal
gatherings, such as potluck dinners and slide
shows, also give volunteer coordinators an
opportunity to check on the progress of the
participants and answer questions.
Newsletters or updates by way of e-mail are
also excellent ways to keep volunteers
mformed.

The success of the program is highly
dependent on maintaining volunteer
motivation and enthusiasm. An apathetic
volunteer will likely not collect good data and
may drop out of the program. The next
section provides suggestions for retaining
volunteers. H
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Backup Monitors

A program should have a backup monitor policy in place to assure data collection continuity.
A backup volunteer can sample at a site when the primary monitor is sick, on vacation, or

for some other reason unable to sample.

The backup should be trained as rigorously as the primary volunteer so that the data meet
high quality standards. Many programs have strict backup policies in place, with

requirements similar to the following;:

¢ The backup monitor must be trained by the volunteer coordinator and attend a
minimum of one quality control session every six months.

¢ The backup volunteer must be familiar with all the sites that he or she will monitor.

¢ The backup may monitor at any site but must use the proper data sheet and the kit
assigned to the primary volunteer of the site.

Retaining Volunteers

Finding qualified volunteers and training
them takes work, so losing volunteers on a
regular basis can be a drain on resources.
Your group should have a plan to ensure that
volunteers continue to feel that supporting
your efforts are worth their time. Show them
that the benefits of volunteering outweigh the
costs. Satisfied volunteers will become
advocates for your mission and will help
recruit additional support. Successful
monitoring programs devote significant
resources to activities designed to motivate
their volunteers.

Communicate

Keep direct lines of communication open at
all times using the telephone, personal
memos, and/or some form of newsletter.
Some monitoring groups use e-mail or Web
sites to keep volunteers informed. Be easily
accessible for questions and requests. Give
volunteers a phone number where they can
always leave a message, then respond to calls
promptly. Ask for their advice on general
administrative issues, bring them into the

proofreading process, and help them develop
a sensc of shared ownership of the program.

Recognize the Effort

Give volunteers praise and recognition—it
1s the psychological equivalent of a salary!

Recognize their accomplishments through
awards, letters of appreciation, publicity, and
certificates. If at all possible, recognize the
expertise of experienced volunteers by
encouraging them to shoulder increased
responsibilities such as becoming team
leaders or coordinators, carrying out more
advanced tests, or helping with data analyses.
Also, as you keep the local media abreast of
the findings of the monitoring effort, be sure
to include the names of key volunteers.

Offer Educational Opportunities

Provide volunteers with educational
opportunities so that they can continue to
“grow.” Have meetings and regular
workshops where guest speakers can explain
environmental sampling techniques or provide
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mformation on environmental policies
pertinent to the sampling effort.

Use the Data Your Volunteers Collect

Nothing discourages volunteers more than
seeing that their data are not being used.
Simple analyses and attractive displays of
volunteer data should be prepared and sent to
volunteers as well as to the data users. A Web
site 1s an excellent place to present volunteer
data.

Keep volunteers informed about all uses of
their data. If they are contributing to a long-
term database, prepare annual data summaries
showing the current condition of the estuary
compared to its previous condition. If the data
are used for acute problem identification, send
the volunteers information on areas where
problems have been identified. If the data are
being used to supplement state reports, send
volunteers copies of the report. These actions

will foster continued interest in the program
and serve to educate and inform the
volunteers about the conditions of the estuary.
For more information on using data, see
Chapter 8.

Be Flexible, Open, and Realistic

Start with a small program that you can
easily handle. Synchronize the monitoring
period to coincide with the period you can
commit to supporting the volunteers. When
starting a program, be frank about the chances
for continued support and inform the group if
resources disappear, or might disappear soon.
Work with the strengths and interests of your
volunteers and search for ways to make the
most of your available resources. Talk with
volunteer coordinators of similar programs
elsewhere to learn new ways to handle
obstacles.

Tips on Volunteer Motivation and Incentives

Successful monitoring programs have developed many methods to motivate both new and
long-term volunteers. The following are tips and hints for increasing volunteer participation

and keeping volunteers motivated:

¢ Remember that vou are competing with other organizations for volunteers

and their time.

¢ Volunteers need a sense of fulfillment. Match volunteer interests and skills with
appropriate jobs. Invite top volunteers to take on leadership responsibilities.
Experienced volunteers can become “captains™ to help with training and organization.

Create different “layers™ of volunteers.
¢ Make person-to-person contact.
e Make it casy.

e Make it fun (for example, send a thank-you note saying, “You are a lifesaver!”
and include some Lifesavers candy).

e If recruiting volunteers from schools or colleges, the key is getting a committed
teacher to help coordinate.

¢ Tell volunteers “what’s in it for them.” Inform them about local water quality problems
and their ownership in the problems/solutions. Show the human connection, and how
their efforts are helping to solve problems.

(continued)
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(Tips. . . continued)
e Present certificates to volunteers when they complete technical training in
monitoring procedures.
¢ Be prepared for your volunteers. Have training sessions organized and
equipment ready.
¢ Don’t sign up volunteers if you don’t have work or equipment for them.

e Recruit and train backup volunteers. Some programs recommend having three
volunteers per team, plus backup volunteers.

¢ Re-certify volunteers every year.
¢ Get emergency contact information for all volunteers.

¢ Recognize that volunteers know their communities. Encourage them to share what
they have learned with schools, press, etc.

¢ Conduct regular orientation and training sessions.

¢ Know that some volunteers have skills beyond serving as monitors (e.g., graphic
design, public relations, making other contacts). Ask them what other talents they
would be willing to share.

¢ Have your own liability waivers and keep in mind that some state parks, etc. require
that their waivers also be signed. (See Chapter 3 for more information on waivers.)

¢ Keep equipment in backpacks, boxes, or fabric tote-bags for volunteers to use.

¢ Build into your volunteer program the capacity for feedback and true volunteer
mvolvement.

¢ Reward volunteers after work sessions, sampling seasons, or other milestones with
a party or other celebration, canoe trips, certificates, etc.

¢ Show volunteers and board members the impact their efforts have made by taking
them on boat trips or field trips.

e Some communities sponsor awards, banquets, and other events to recognize
outstanding volunteers. Nominate your volunteers for these honors.

¢ Thank the volunteers, then thank them again.

(Excerpted and adapted from Calesso, 1999; Closson, 1999; Davies, 1999, Fitzgibbons, 1999; Gerosa,
1999, and Sims, 1999.)
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Lhapter 8: Quality Assurance Project Planning

Overview

While information about an estuary’s health 1s valuable, many government
agencies, universities, and other groups are reluctant to use volunteer data. Why?
Volunteer monitoring organizations sometimes overlook a critical fact: reliable
data means everything. Unless data are collected and analvzed using acceptable
methods, potential users are less likely to employ the data. A quality assurance

project plan (QAPP) 1s vital to overcoming this obstacle.

This chapter examines the clements of a QAPP In the process, it reviews basic

concepts that must be understood before developing any QAPP.
For comprehensive mnstructions and useful examples for creating a QAPP, along

with a sample QAPP form, the reader should refer to The Volunteer Monitor's

Guide to Quality Assurance Project Plans (USEPA, 1996).
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The Importance of High Quality Data

Although the goals and objectives of
volunteer projects vary greatly, virtually all
volunteers hope to educate themselves and
others about water quality problems and
thereby promote a sense of stewardship for
the environment. Many projects, in fact,
establish these as their goals. Such projects
might be called primarily education-oriented.

Other projects seck a more active role in the
management of local water resources and
therefore strive to collect data that can be
used in making water quality management
decisions. Common uses of volunteer data
might include local planning decisions (e.g.,
identifying where to route a highway); local
priority setting (e.g., determining which
seagrass beds require restoration); screening
for potential pollution problems (which might
then be investigated more thoroughly by
water quality agencies); and providing data
for state water quality reports (which might
then be used for statewide or national priority
setting). Projects doing this type of
monitoring are called primarily data-oriented.

One of the most difficult 1ssues facing data-
oriented volunteer monitoring programs today

1s data credibility. Some potential users of
volunteer data mistakenly believe that only
professionally trained scientists can conduct
sampling and produce accurate and useful
results. Potential data users are often skeptical
about volunteer data—they may have doubts
about the goals and objectives of the project;
how volunteers were trained; how samples
were collected, handled, and stored; or how
data were analyzed and reports written. Given
proper training and supervision, however,
dedicated volunteers CAN collect high
quality data that is:

¢ consistent over time throughout the
project’s duration, regardless of how
many different monitors are involved in
collecting the data;

¢ collected and analyzed using
standardized and acceptable techniques;
and

e comparable to data collected in other
assessments using the same methods.

The quality assurance project plan is a key
tool in breaking down this barrier of
skepticism. H

What Is a Quality Assurance Project Plan?

The QAPP is a document that outlines the
procedures necessary to ensure that collected
and analyzed data meet project requirements.
It serves not only to convince skeptical data
users about the quality of the project’s
findings, but also to record methods, goals,
and project implementation steps for current
and future volunteers and for those who may
wish to use the project’s data over time.

Volunteer monitoring projects must adopt
protocols that are straightforward enough for
volunteers to master, yet sophisticated enough
to generate data of value for resource
managers. This delicate and difficult path

cannot be successfully navigated without a
QAPP that details a project’s standard
operating procedures (SOPs) in the field and
lab, outlines project organization, and
addresses issues such as training
requirements, instrument calibration, and
iternal checks on how data are collected,
analyzed, and reported. Just how detailed
such a plan needs to be depends to a large
extent on the goals of the volunteer
monitoring project. For example, if you want
to use your data to screen for problems so that
you can alert water quality agencies, you may
need only a basic plan. If, however, you want
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your data to support enforcement, guide
policy decisions, or survive courtroom
scrutiny, then a detailed plan is essential
(Mattson, 1992).

Developing a QAPP is a dynamic,
mteractive process that should ideally involve
quality assurance experts, potential data users,
and members of the volunteer monitoring
project team. The process 1s most effective
when all participants fully contribute their
talents to the effort, know their mdividual
responsibilities for developing the QAPP, and
understand the group’s overall purpose and
goals.

Why Develop a QAPP?

The QAPP is an invaluable planning and
operating tool that should be developed in the
early stages of the volunteer monitoring
project.

Any monitoring program sponsored by EPA
through grants, contracts, or other formal
agreement must have an approved QAPP. The
purpose of this requirement is to ensure that
the data collected by monitoring projects are
of known and suitable quality and quantity.

Even if a volunteer monitoring project does
not receive financial support from government
agencies, the coordinating group should still
consider developing a QAPP. This is
especially true if it is a data-oriented project
and seeks to have its information used by
state, federal, or local resource managers. Few
water quality agencies will use volunteer data
unless methods of data collection, storage,
and analysis have been documented.

Clear and concise documentation of
procedures also allows newcomers to the
project to quickly become familiar with the
monitoring, using the same methods as those
who came before them. This is particularly
mmportant to a volunteer project that may see
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While it is a challenging and somewhat
difficult process, the successful development
and institution of a QAPP can be extremely
rewarding. This chapter encourages and
facilitates the development of volunteer
estuary QAPPs by presenting explanations
and examples. Readers are urged to consult
the resources listed at the end of this chapter
and to contact their state or U.S.
Environmental Protection Agency (EPA)
regional quality assurance staff for specific
mformation or guidance on their projects. B

volunteers come and go, but intends to
establish a baseline of water quality
mformation that can be compared over time.

Finally, written procedures in a QAPP can
help ensure volunteer safety (Williams, 1999).
Field safety requirements can be made part of
standard operating practices, and proper
training for equipment operation—a key
clement in any QAPP—takes user safety into
account. l

QAPPs and STORET

An updated, user-friendly version of EPA’s
national water and biological data storage
and retrieval system, STORET, is now
available. With STORET, volunteer
programs can “feed” data to a centralized
file server which permits national data
analyses and through which data can be
shared among organizations. A specific set of
quality control measures is required for any
data entered into the system to aid in data
sharing. For more information, see the EPA
Web page at www.epa.gov/storet.
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Basic Concepts

The coordinator of a volunteer monitoring
program is likely to be involved in many
aspects of project planning, sample collection,
laboratory analysis, data review, and data
assessment. The coordinator should be
considering quality assurance and quality
control in every one of these steps.

Quality assurance (QA) refers to the
overall management system that includes the
organization, planning, data collection, quality
control, documentation, evaluation, and
reporting of your group’s activities. QA
provides the information you need to ascertain
the quality of your data and whether it meets
the requirements of your project. It also
ensures that your data will meet defined
standards of quality with a stated level of
confidence.

Accurate and Precise

Quality control (QC) pertains to the
routine technical activities in a project. The
purpose of QC is, essentially, error control.
Since errors can occur in the field, the
laboratory, or the office, QC must be part of
each of these functions and should include:

Internal quality control: a set of measures

that the project undertakes among its own
samplers and within its own lab to identify and
correct analytical errors. Examples include:

Inaccurate and Imprecise

Figure 5-1. Accuracy

- ¢ lab analyst training and certification;
and precision.
¢ proper equipment calibration and

documentation;

e laboratory analysis of samples with
known concentrations or repeated
analysis of the same sample; and

¢ collection and analysis of multiple
samples from the field.

External quality control: a set of measures

that involves both laboratories and people
outside of the program. Measures may
mclude:

e performance audits by outside
personnel;

e collection of samples by people outside
the program from a few of the same
sites and at the same time as the
volunteers; and

¢ gplitting some of the samples for
analysis at another lab.

Together, QA and QC help you to produce
data of known quality, enhance the credibility
of your group in reporting monitoring results,
and ultimately save time and money.
However, a good QA/QC program is only
successful if everyone consents to follow it
and 1f all project components are available in
writing. The QAPP is the written record of
your QA/QC program.

When formulating a QAPP, several
measures will help to evaluate sources of
variability and error and thereby increase
confidence in the data. These measures are
precision, accuracy, representativeness,
completeness, comparability, and sensitivity.

Precision

Precision is the level of agreement among
repeated measurements of the same parameter
on the same sample or on separate samples
collected as close as possible in time and
place (Figure 5-1). It tells you how consistent
and reproducible your methods are by
showing how close your measurements are to
each other. It does not mean that the sample
results actually reflect the “true” value, but
rather that your sampling and analysis are
giving consistent results under similar
conditions.

Precision can be measured by calculating the
standard deviation, relative standard deviation
(RSD), or the relative percent difference
(RPD). Examples of each calculation are
shown in Tables 5-1, 5-2, and 5-3.

The standard deviation (Table 5-1) is used
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to describe the variability of your data points
around their average value. In case you're a
bit put off by the math in Table 5-1, you
might be happy to know that many calculators
can calculate standard deviation for you! Very
similar data values will have a small standard
deviation, while widely scattered data will
have a much larger standard deviation.
Therefore, a small standard deviation
mdicates high data precision.

The RSD, or coefficient of variation (Table

Chapter 5: Quality Assurance Project Planning

5-2), expresses the standard deviation as a
percentage. This measurement is generally
casier for others to understand. Similar to
standard deviation, your measurements
become more precise as the RSD gets smaller.

When you have only two replicate samples,
determine precision by calculating the relative
percent difference (RPD) of the two samples
(Table 5-3). Again, the smaller the relative
percent difference, the more precise your
measurements will be.

Table 5-1. Example calculation of standard deviation. A low value for standard deviation indicates high precision

data. (Adapted from USEPA, 1996.)

The Volunteer Estuary Monitoring Project wants to determine the precision of its temperature
assessment procedure. They have taken 4 replicate samples:

Replicate 1 (X;) =21.1°C
Replicate 2 (X5) =21.1°C
Replicate 3 (X3) =20.5°C
Replicate 4 (X4) =20.0°C

To determine the Standard Deviation (8S), use the following formula:

/1 2
S = Z (Xi-X)
=1 n-1
where X; = measured value of the replicate; X = mean of replicate measurements; #» = number

of replicates; and 2 = the sum of the calculations for each measurement value—in this case,
X through Xj.

First, figure out the mean, or average, of the sample measurements. Mean = (X; + X, + X5 +
X4) + 4. In this example, the mean is equal to 20.68°C.

Then, for each sample measurement (X; through X,), calculate the next part of the formula.
For X and X, the calculation would look like this:

(21.1 - 20.68)2 = (-0.42)> = 0.1764 = 0.0588
4-1 3 3

For X3, the calculation would be 0.0108; and for X,, it would be 0.1541.

Finally, add together the calculations for each measurement and find the square root of the
sum: 0.0588 + 0.0588 +0.0108 + 0.1541 = 0.2825. The square root of 0.2825 is 0.5315.
So, the standard deviation for temperature is 0.532 (rounded off).
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Table 5-2. Example calculation of relative standard deviation (RSD). A low RSD value indicates high precision
data. (Adapted from USEPA, 1996.)

If we use the same measurements as in the standard deviation example (Table 5-1), we can
determine the Relative Standard Deviation (RSD), or coefficient of variation, using the
following formula:

RSD =S x 100
X

where S = standard deviation, and X = mean of replicate samples.

We know that S = 0.5315 and that X = 20.68. So, the RSD = 2.57. This means that our
measurements deviate by about 2.57%.

Table 5-3. Example calculation of relative percent difference (RPD). A low RPD indicates high precision data.
(Adapted from USEPA, 1996.)

If the project had only two replicates (21.1°C and 20.5°C, for example), we would use the
Relative Percent Difference (RPD) to determine precision, using the following formula:

- (X - X0) x 100
(X, + X,) + 2

where X = the larger of the two values, and X, = the smaller of the two values. In this
example, X; = 21.1° and Xy = 20.5". The calculation would look like this:

_(21.1-205)x 100 = 60.00 = 2.88
(21.1 +20.5) + 2 20.8

RPD

So, in this example, the RPD between our sample measurements is 2.88%.

Accuracy a performance evaluation sample, to a
volunteer’s measurement of that sample.
Increasingly, however, some scientists,
especially those involved with statistical
analysis of measurement data, have begun to
use the term “bias” to reflect this error in the
measurement system and to use “accuracy” as
indicating both the degree of precision and
bias. For the purpose of this document, the
term “accuracy” will be used to describe how
close a measurement is to a standard value or
the true value.

Accuracy is a measure of confidence in a
measurement (Figure 5-1; Table 5-4). As the
difference between the measurement of a
parameter and its “true” or expected value
becomes smaller, the measurement becomes
more accurate. Repeated measurements that
result in values at or near the “true value”
would be considered accurate and precise.

Measurement accuracy can be determined
by comparing a sample that has a known
value, such as a standard reference material or
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Table 5-4. Example calculations of accuracy. (Redrawn and adapted from USEPA, 1996.)

Attendance at QC training sessions is required for Volunteer Estuary Monitoring Project field
teams. In the field, monitors use a pH kit, which covers a full range of expected pH values.
During a recent training session, the monitors recorded the following results when testing a
pH standard buffer solution of 7.0 units:

7.5 72 6.5 7.0
7.4 6.8 72 7.4
6.7 73 6.8 72

In this example, the volunteer coordinator may wish to evaluate accuracy in two ways:

Group Accuracy

To determine the accuracy of the full group of volunteers, the coordinator can compare the
average of all sample values to the true value, according to the equation:

Group accuracy = average value—true value

In this case, the average of these measurements is equal to 7.08 units. Since we know that the
reference or “true” value is 7.0 units, the difference between the average pH value is “off” or
biased by + 0.08 units. The volunteer program’s QAPP should specify whether this level of
accuracy is satisfactory for the data quality objectives of the project.

Individual Accuracy

While the average pH value calculated above 1s 7.08 units, a quick scan reveals that several
measurements are up to 0.5 units from the true value. Such individual differences from the
true value may not fall within an acceptable limit of accuracy, but they are somewhat
“hidden™ when the group accuracy is calculated. Simply calculating the group accuracy could
overlook particularly erroneous data that should be addressed.

To assess the accuracy of individual measurements, the coordinator should use the following
equation:

Individual accuracy = individual value —true value

The possible cause(s) of individual accuracy values that do not fall within the program’s
QAPP should be determined and remedied.

For many parameters such as Secchi depth, way to determine if your identification
no standard reference or performance procedures are accurate. The voucher
evaluation samples exist. In these cases, the collection is a preserved archive of the
trainer’s results may be considered the organisms that your volunteers have collected
reference value to which the volunteer’s and identified. An expert taxonomist can then
results are compared. This process will help provide a “true” value by checking the
evaluate if the volunteer measurements are identification in the voucher collection. In
biased as compared to the trainer’s. addition to preserved specimens, the

If you are monitoring biological conditions collection may involve photography or
by collecting and identifying specimens, Mmicroscopy.

maintaining a voucher collection is a good
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It is important to note that the relationship
between a voucher collection and accurate
identification cannot be expressed numerically
in your QAPP. Rather, the QAPP should
idicate that you have a voucher collection
and describe how it is used to evaluate
identification accuracy in your program.

Representativeness

Representativeness is the extent to which
measurements actually depict the true
environmental condition or population you are
evaluating. The questions asked in your
QAPP will be the guide for defining what
constitutes a representative sample.

A number of factors may affect the
representativeness of your data. Are your
sampling locations indicative of the
waterbody? Data collected just below a pipe
outfall, for example, is not representative of
an entire estuary. Similarly, a sample collected
i August is not representative of year-round
conditions. Other potential errors, such as lab
mistakes, data entry errors, or the use of the
wrong type of sample container, may also
affect data representativeness.

Completeness

Completeness is a measure of the number
of samples you must take to be able to use the
formation, as compared to the number of
samples you originally planned to take. Since
there are many reasons why your volunteers
may not collect as many samples as planned
(e.g., equipment failure, weather-related
problems, sickness, faulty handling of the
samples), as a general rule you should try to
take more samples than you determine you
actually need. This issue should be discussed
with your QAPP team and by peer reviewers
before ficld activities begin.

Completeness requirements can be lowered
if extra samples are factored into the project.
The extra samples, in turn, increase the
likelihood of more representative data.

Completeness is usually expressed as a
percentage (Table 5-5), accounting for the
number of times that the volunteers did not
collect data. An 80-90 percent rate of
collection is usually acceptable.

Table 5-5. Example calculation of completeness. (Adapted from USEPA, 1996.)

The Volunteer Estuary Monitoring Project planned to collect 20 samples, but because of
volunteer illness and a severe storm, only 17 samples were actually collected. Furthermore,
of these, two samples were judged invalid because too much time clapsed between sample
collection and lab analysis. Thus, of the 20 samples planned, only 15 were judged valid.

The following formula is used to determine Percent Completeness (% C):

%C =X x 100

A

where v = the number of planned measurements judged valid, and T = the total number of

measurements.

In this example, v = 15 and T = 20. In this case, percent completeness would be 75 percent.
Notice that this percent completeness does not fall within the usually accepted range of 80-90

percent.
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Comparability

Comparability 1s the extent to which data
from one study can be compared directly to
cither past data from the current project or data
from another study. For example, vou may wish
to compare two seasons of summer data from
vour project or compare vour summer data set
to one collected ten years ago by state water
quality scientists. The key to data comparability
is to follow established protocols or standard
operating procedures. Comparing data also
requires you to consider the conditions under
which the samples were collected, including,
for example, the season, time of day, and adja-
cent land uses.

Using standardized sampling and analvtical
methods, units of reporting, and site selection
procedures helps ensure comparability.
However, it is important to keep in mind that
some types of monitoring rely heavily on best
professional judgment and that standard meth-
ods may not always exist.

Sensitivity

Sensitivity refers to the capability of a
method or instrument to discriminate between
different measurement levels. The more sensi-
tive a method is, the better able it is to detect
lower concentrations of a water quality vari-
able.

Sensitivity 18 related to detection limit, the
lowest concentration of a given pollutant that
vour methods or equipment can detect and
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report as greater than zero. Readings that fall
below the detection limit are too unreliable to
use in your data set. Furthermore, as readings
approach the detection limit (1.c., as they go
from higher, easicr-to-detect concentrations 1o
lower, harder-to-detect concentrations), they
become less and less reliable. Manufacturers
generally provide detection limit information
with their high-grade monitoring equipment,
such as meters; however, volunteer groups
should test the equipment themselves—using
standards of progressively lower concentra-
tions—to understand where the meter or
method begins to have unacceptable accuracy.

Preassembled monitoring kits also usually
come with mformation mdicating the mea-
surement range that applics. The measure-
ment range is the range of reliable measure-
ments of an instrument or measuring device.
For example, vou might purchase a kit that is
capable of detecting pH between 6.1 and 8.1
If acidic conditions (below 6.0) are a problem
in the waters vou are monitoring, vou will
need to use a kit or meter that is sensitive to
the lower pH readings.

Because all projects have different goals, data
users and uses, capabilitics, and methods, there
are no universal levels of precision, accuracy,
representativeness, completeness, comparabili-
ty, and sensitivity that are acceptable for every
monitoring project. You should consult vour
advisory panel, data users, support laboratory,
and peer reviewers to determine acceptance cri-
teria for vour monitoring project. B

Volunteer Estuary Monitoring: A Methods Manual

Lhapter 8: Quality Assurance Project Planning



Chapter 5: Quality Assurance Project Planning

Quality Control and Assessment

Contamination is a common source of error
in both sampling and analytical procedures.
QC samples help you identify when and how
contamination might occur and assess the
overall precision and accuracy of your data.
The decision to accept data, reject it, or accept
only a portion of it should be made after
analysis of all QC data.

For most projects, there is no set number of
field or laboratory QC samples which must be
taken; the general rule is that 10 percent of all
samples should be QC samples. Any
participating laboratory must also run its own
QC samples. For a new monitoring project or
analytical procedure, it is a good idea to
mcrease the number of QC samples (up to 20
percent) until you have full confidence in the
procedures you are using.

Several different types of QC and
assessment measures are presented below
(USEPA, 1996; USEPA, 1997).

Internal Checks

Internal checks are performed by the project
field volunteers, staff, and lab.

Field Blanks

A field blank (also known as a trip blank) is
a “clean” sample, produced in the field, used
to detect analytical problems during the whole
process (sampling, transport, and lab
analysis). To create a field blank, take a clean
sampling container with “clean” water (i.¢.,
distilled or deionized water that does not
contain any of the substance you are
analyzing) to the sampling site. Other
sampling containers will be filled with water
from the site. Except for the type of water in
them, the field blank and all site samples
should be handled and treated in the same
way. For example, if your method calls for the
addition of a preservative, this should be
added to the field blank in the same manner
as the other samples. When the field blank 1s

analyzed, it should read as being free of the
analyte (parameter being tested) or, at a
minimum, the reading should be a factor of 5
below all sample results.

Negative and Positive Plates (for Bacteria)

A negative plate results when the buffered
rinse water (the water used to rinse down the
sides of the filter funnel during filtration) has
been filtered the same way as a sample. This
1s different from a field blank in that it
contains reagents used in the rinse water.
There should be no bacteria growth on the
filter after incubation. Bacteria growth
mdicates laboratory contamination of the
sample.

Positive plates result when water known to
contain bacteria (such as wastewater treatment
plant influent) is filtered the same way as a
sample. There should be plenty of bacteria
growth on the filter after incubation. It is used
to detect procedural errors or the presence of
contaminants in the laboratory analysis that
might inhibit bacteria growth.

Field Replicates

Replicate samples are obtained when two or
more samples are taken from the same site, at
the same time, using the same method, and
independently analyzed in the same manner.
When only two samples are taken, they are
sometimes referred to as duplicate samples.
These types of samples are representative of
the same environmental condition and can be
used to detect the natural variability in the
environment, the variability caused by field
sampling methods, and laboratory analysis
precision.

Lah Replicates

A lab replicate is a sample that is split into
subsamples at the lab. Each subsample is then
analyzed using the same technique and the
results compared. They are used to test the
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precision of the laboratory measurements. For
bacteria, they can be used to obtain an
optimal number of bacteria colonies on filters
for counting purposes.

Spiked Samples

Spiked samples are samples to which a
known concentration of the analyte of interest
has been added. Spiked samples are used to
measure accuracy. If this 1s done in the field,
the results reflect the effects of preservation,
shipping, laboratory preparation, and analysis.
If done in the laboratory, they reflect the
effects of the analysis procedure. The percent
of the spike material that is detected in the
sample is used to calculate analytical
accuracy.

Calibration Blank

A calibration blank is deionized water
processed like any of the samples; it is the
first “sample” analyzed and is used to set the
mstrument to zero. A calibration blank is also
used to check the measuring instrument
periodically for “drift” (the instrument should

always read “0” when this blank is measured).

It can also be compared to the field blank to
pinpoint where contamination might have
occurred.

Calibration Standards

Calibration standards are used to calibrate a
meter. They consist of one or more “standard
concentrations” (made up in the lab to
specified concentrations or provided by any
number of supply houses—see Appendix C)
of the indicator being measured, one of which
1s the calibration blank. Calibration standards
can be used to calibrate the meter before
running the test, or they can be used to
convert the units read on the meter to the
reporting units (e.g., converting absorbance to
milligrams per liter).
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Helpful Hint

In addition to being used for meter
calibration, standard reference material (in
the form of solids or solutions with a
certified known concentration of pollutant)
can be used to check the accuracy of a
procedure and the freshness of the reagents
(chemicals) in test kits. If a known standard
solution is tested and gives the correct
concentration test result, the reagents are
working properly and the procedure is
being followed correctly.

External Checks

Non-volunteer ficld staff and a lab (also
known as a “quality control lab™) perform
external checks. The results are compared
with those obtained by the project lab.

External Field Duplicates

An external field duplicate is a duplicate
sample collected and processed by an
dependent (e.g., professional) sampler or
team at the same place and the same time that
the volunteers collect and process their
regular water samples. It is used to estimate
sampling and laboratory analysis precision.

Split Samples

A split sample is one that is divided equally
mto two or more sample containers and then
analyzed by different analysts or labs. The
results are then compared.

Samples should be thoroughly mixed before
they are divided. Large errors can occur if the
analyte is not equally distributed into the two
containers. A sample can be split in the field,
called a field split, or in the laboratory—a lab
split. The lab split measures analytical preci-
sion, while the field split measures both analyti-
cal and field sampling precision. Split samples
can also be submitted to two different laborato-
ries for analysis to measure the variability in
results between laboratories independently
using the same analytical procedures.
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Outside Lab Analysis of Duplicate Samples Unknowns
Either internal or external field duplicates The quality control lab sends samples to the
can be analyzed at an independent lab. The project lab for analysis for selected indicators,
results should be comparable with those prior to the first sample run. The concen-
obtained by the project lab. trations of these samples are unknown to the
project lab. These samples are analyzed and
Knowns the results reported to the quality control lab.

Discrepancies are reported to the project lab
and a problem identification and solving
process follows.

Table 5-6 shows the applicability of
common quality control measures to several
water quality variables covered in this
manual. B

The quality control lab sends samples for
selected indicators, labeled with the
concentrations, to the project lab for analysis
prior to the first sample run. These samples
are analyzed and the results compared with
the known concentrations. Problems are
reported to the quality control lab.

Table 5-6. Common quality control measures and their applicability to some water quality parameters. (Adapted from USEPA, 1997.)

Dissolved Nutrients pH Total Temp. Salinity/  Turbidity Total Bacteria
Oxygen Alkalinity Conductivity Solids

Internal Checks
Field blanks
Neg./ pos. plates
Field replicates
Lab replicates
Spiked samples
Calibration blank
Calibration standard X"

o

X X X

<
<

X X X X
X X X

Il
<

<

<
PP A

External Checks
Ext. field duplicates
Split samples
Outside lab analysis X
Knowns X
Unknowns X

PR
<
PR
PR
PR
el
PR

<

a—using an oxygen-saturated sample
b—using subsamples of different sizes
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Developing a QAPP

Developing a QAPP is a dynamic, interactive
process. Seck as much feedback as possible
from those who have gone before you i the
QAPP development process. You will be invest-
ing a substantial amount of time and energy, but
don’t be discouraged: the person who writes the
QAPP is usually the one who ends up with the
most technical expertise and monitoring
msights. Your efforts will pay off in a living
document that helps current and future volun-
teers, staff, and data users understand exactly
how your project works.

The purpose of this section is to discuss the
steps a volunteer monitoring program might
take in preparing a QAPP (Table 5-7). It is rec-
ommended that you consult your data users,
such as the state or county water quality agency,
regarding their QAPP requirements. In fact,
many states have prepared QAPPs that, if adopt-
ed by your group, can save a great deal of time.
If you are receiving EPA grant or contract
money to conduct your monitoring, you must
also submit your QAPP to EPA for approval.
Working with water quality agencies, EPA, and
other potential data users to develop your QAPP
mcreases the likelihood that your data will actu-
ally be used to make management decisions.

Table 5-7. Steps to develop a QAPP (USEPA, 1996).

1. Establish a QAPP team.

2. Determine the goals and objectives of
your project.

Collect background information.
Refine your project.

Design your project’s sampling,
analytical, and data requirements.
Develop an implementation plan.
Draft your standard operating
procedures and QAPP.

. Solicit feedback on your draft SOPs
and QAPP.

Revise your QAPP and submit it for
final approval.

Begin your monitoring project.
Evaluate and refine your QAPP.

10.
11.
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Step 1: Establish a QAPP Team

Pull together a small team of 2-3 people
who can help you develop the QAPP. Include
representatives from groups participating in
the monitoring project who have technical
expertise in different areas of the project.

Take time to establish contact with your
state, local, or EPA quality assurance officer
or other experienced volunteer organizations.
Remember: If you are receiving any EPA
funding through a grant or contract, EPA must
approve your QAPP. However, even if EPA
approval isn’t needed, you can consult with
EPA representatives for advice; they may
have resources that can help you. Ask your
contacts if they will review your draft plan.

Step 2: Determine the Goals and
Objectives of Your Project

Why are you developing this monitoring
project? Who will use its information, and
how will it be used? What will be the basis
for judging the usability of the data collected?
If you don’t have answers to these questions,
you may flounder when it comes time to put
your QAPP down on paper.

Project goals could include, for example:

¢ identifying trends in an estuary to
determine if non-indigenous species
occurrences are on the rise;

monitoring in conjunction with the
county health department to be sure a
beach is safe for swimmers;

monitoring the effectiveness of a
submerged aquatic vegetation (SAV)
restoration project; or

teaching local high school students
about water quality.

Write down your goal. The more specific
your project’s goal, the easier it will be to
design a QAPP. Identify the objectives for
your project—that is, the specific statements
of how you will achieve your goal. For
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Figure 5-2. The
balancing act of data
quality objectives.
Volunteer programs
must balance data
quality needs with
financial limitations,
understanding that as
data quality becomes
more important, the
resources necessary to
get the data are likely to
increase. (Adapted from
USEPA, 1987.)
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example, if your project’s goal is to monitor
an SAV restoration project, your objectives
might be to collect three years of data on SAV
beds, turbidity, algae, and nutrients, and to
develop yearly reports for state water quality
and fish and wildlife agencies.

Each use of volunteer data has potentially
different requirements. Knowing the use of
the collected data will help you determine the
right kind of data to collect and the level of
effort necessary to collect, analyze, store, and
report the data.

While sophisticated analyses generally vield
more accurate and precise data, they are also
more costly and time consuming. One should
closely examine the program budget when
forming the data quality objectives. Decisions
regarding the ultimate objectives must always
strike a balance between the needs of the data
users and the fiscal constraints of the program
(Figure 5-2). If the program’s main goal is to
supplement state-collected data, for example,
the extra expense may be worthwhile.
Programs with an educational or participatory
focus can often use less sensitive equipment,
analyses, or methodologies and still meet their
data objectives.

Step 3: Collect Background Information

As you learn more about the area you are
choosing to monitor, you will be better able to
design an effective monitoring project. Begin
by contacting programs and agencies that
might already monitor in your area. Talk to
the state water quality agency, the county
and/or city environmental office, local

More
Uncertainty

’WOney

universities, and neighboring volunteer
monitoring programs. Ask about their
sampling locations, the parameters they
monitor, and the methods they use.

If those groups are already monitoring in
your chosen area, find out if they will share
their data, and identify what gaps exist that
your project could fill. If no monitoring 1s
ongoing, find out what kind of data your local
or state agencies could use (if one of your
goals is that these agencies use your data),
where they would prefer you to locate your
sampling sites, and what monitoring methods
they recommend. Government agencies are
not likely to use your data unless it fills a
gap in their monitoring network and was
collected using approved protocols.

A watershed survey can help you set the
foundation for your monitoring project
design. This is simply a practical investigation
of how the watershed works, its history, and
its stressors. For information on conducting a
watershed survey, consult the USEPA (1997)
and Maine DEP (1996) references listed at the
end of this chapter.

Step 4: Refine Your Project

Once you have collected background
mformation for your project and coordinated
with potential data users, you may find it
necessary to refine your original goals and
objectives. You might have found, for
example, that your state already monitors
SAV and algae in your estuary. In that case,
your project might better examine nutrient
mputs from tributaries or other parameters.

More
Resources

Time &

Less
Uncertainty
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Don’t hesitate to reevaluate your project
goals and objectives. Now is the best possible
time to do so-before you invest time, money,
and effort in equipment purchases, training,
grant proposals, and QAPP development.

Step 5: Design Your Project’s Sampling,
Analytical, and Data Requirements

Once you feel comfortable with your pro-
ject’s goals and objectives and have gathered
as much background information as possible

A Word About Metadata

The term metadata is loosely defined as
“data about data.” It is information that
helps characterize the data that volunteers
collect. Metadata answer who, what,
when, where, why, and how about every
facet of the data being documented
(USGS Web site). This information will
help others understand exactly how the
data was obtained.

Most shared datasets require metadata.
This helps users of the data—who may be
unfamiliar with the monitoring site—
understand the details behind the data.

Examples of metadata include (from
Williams, 1999):

¢ name of organization;

name of the estuary;

¢ monitoring station identification

number;

monitoring site location;

site elevation;

latitude, longitude;

source describing how latitude and
longitude were determined; and

date and time of collection.

Volunteer leaders—especially those who
want to share their data with government
and other organizations—should include
metadata on their field data sheets and
emphasize the importance to volunteers of
recording this information.
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on the arca you will be monitoring, it is time
to focus on the details of your project.
Convene a planning committee consisting of
the project coordinator, key volunteers,
scientific advisors, and data users, along with
your QAPP team. This committee should
address the following questions:

What parameters or conditions will you
monitor, and which are most important
to your needs? Which are of secondary
importance?

How good does your monitoring data
need to be?

How will you pick your sampling sites,
and how will you identify them over
time?

What methods or protocols will you use
for sampling and analyzing samples?

When will you conduct the monitoring?

How will you manage your data and
ensure that your data are credible?

As a general rule, it is a good idea to start
small and build to a more ambitious project as
your volunteers and staff grow more
experienced.

Step 6: Develop an Implementation Plan

Decide the particulars—the who’s and
when’s of your project. Determine who will
carry out the individual tasks such as
volunteer training, data management, report
generation, assuring lab and field quality
assurance, and recruiting volunteers. If you
send your samples to an outside lab, choose
the lab and specify why yvou chose it.

Set up schedules for when you will recruit
and train volunteers, conduct sampling and
lab work, produce reports, and report back to
volunteers or the community.

Step 7: Draft Your Standard Operating
Procedures and QAPP

Now is the time to actually write your
standard operating procedures (SOPs) and
develop a draft QAPP. SOPs are the details on
all the methods you expect your volunteers to
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use. They can serve as the project handbook
you give your volunteers. There are many
SOPs already available for sampling and
analytical procedures—check with your state
water quality agency or other volunteer
monitoring groups for pointers. Where
possible, adapt your procedures from existing
methods and modify them as needed to fit
your project objectives. Be sure to reference
and cite any existing methods and documents
that you use in your project.

You should append your SOPs to your
QAPP and refer to them throughout the QAPP
document. Your written plan can be elaborate
or simple, depending on your project goals.

Step 8: Solicit Feedback on Your Draft
SOPs and QAPP

Your next step is to get the draft reviewed
by people “in the know.” These include state
and EPA regional volunteer monitoring
coordinators and quality assurance officers
and any other potential data users. Ask for
feedback and suggestions from as many
sources as possible. Expect their reviews to
take up to two or three months (times will
vary). In addition, expect some resistance
from some reviewers who might be
overburdened with other duties. Don’t be
offended by this; instead, call back a
reasonable time after submitting your plan
and inquire if you should submit the draft
clsewhere for review.

While waiting for comments, you should try
out your procedures with volunteers on a trial
basis. Don’t plan to use the data at this carly
stage; data users generally will not accept
your data until the QAPP has been approved
and accepted. Rather, use this opportunity to
find quirks in your plan.

Step 9: Revise Your QAPP and Submit It
for Final Approval

Based on the comments you receive, you
may have to revise your QAPP. This could
mvolve simply being more specific about
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existing methods and quality control
procedures in the plan, or actually modifying
your procedures to meet agency requirements.
Once you have revised or fine-tuned your
QAPP, submit it to the proper agency for
formal approval. If you are developing a
QAPP simply to document your methods and
are not working in cooperation with a state,
local, or federal agency, you do not need to
submit a QAPP for review and approval.

Step 10: Begin Your Monitoring Project

Once you’ve received formal approval of
your QAPP, your monitoring project can
begin. Follow the procedures described in
your QAPP to train volunteers and staff,
conduct sampling, analyze samples, compile
results, and develop any reports.

Step 11: Evaluate and Refine Your Project
over Time

As time goes on, you may decide to
mmprove on sampling techniques, site
selection, lab procedures, or any of the other
clements of your monitoring project design.
Project evaluation should occur during the
course of your project rather than after the
project or a sampling season is completed.

If you make any substantive changes to
your QAPP, document them and, if necessary,
seck approval from the appropriate agency. A
phone call to your quality assurance official
can help you determine if the changes require
anew QAPP. Also, always be prepared for
formal audits or QC inquiries from data users
during the course of your project.

Ongoing experience may require small
changes to the QAPP. These can be made
without having to rewrite the entire plan, as
long as the original reviewers approve the
changes. One helpful way to make changes
without rewriting the entire plan is to have the
pages individually dated; changes to the
document can then be made on a page-by-
page basis.
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Elements of a QAPP

A QAPP helps your group determine
responsibilities, training, methods, equipment
and other resources needed to ensure that data
quality is good enough to meet its intended
use. This section discusses the 24 elements of
a QAPP (Table 5-8), which can guide the
QAPP team as it determines whether all
necessary aspects are covered.

It 1s very likely that not all elements will
apply to your project, and other elements may
be required that are not addressed here. These
issues should be discussed with your QAPP
team and any group who will be approving

Table 5-8. Elements of a QAPP (USEPA, 1996).

Project Management
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your QAPP. If EPA must approve your QAPP
and your project does not require all 24
elements, you should indicate in your QAPP
which elements you will not be including.
This will make review and approval of your
QAPP faster and easier.

Readers should refer to the document, 7he
Volunteer Monitor 5 Guide to Quality
Assurance Project Plans (USEPA, 1996—see
“References and Further Reading™ in this
chapter) for useful examples of developing a
QAPP. The document also includes a sample
QAPP form.

(elements 1-9)

. Title and Approval Page

. Table of Contents

. Distribution List

. Project/Task Organization

. Problem Identification/Background
. Project/Task Description

. Training Requirements/Certification
. Documentation and Records

O 0 1N kN —

Measurement/Data A cquisition

. Data Quality Objectives for Measurement Data

(elements 10-19)

10. Sampling Process Design
11. Sampling Methods Requirements

12. Sample Handling and Custody Requirements

13. Analytical Methods Requirements
14. Quality Control Requirements

15. Instrument/Equipment Testing, Inspection, and Maintenance Requirements

16. Instrument Calibration and Frequency

17. Inspection/Acceptance Requirements for Supplies

18. Data Acquisition Requirements
19. Data Management

Assessment and Oversight

(elements 20-21)

20. Assessments and Response Actions
21. Reports

Data Validation and Usability

(elements 22-24)

22. Data Review, Validation, and Verification Requirements
23. Validation and Verification Methods
24. Reconciliation with Data Quality Objectives
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Element 1: Title and Approval Page

Your title page should include the
following:

e title and date of the QAPP;

e names of the organizations involved in
the project; and

e names, titles, signatures, and document
signature dates of all appropriate
approving officials, such as project
manager, project QA officer, and if the
project 1s funded by EPA, the EPA
project manager and QA officer.

Element 2: Table of Contents

A table of contents should include section
headings with appropriate page numbers and a
list of figures and tables.

Element 3: Distribution List

List the individuals and organizations that
will receive a copy of your approved QAPP
and any subsequent revisions. Include
representatives of all groups mnvolved in your
monitoring effort.

Element 4: Project/Task Organization

Identify all key personnel and organizations
that are involved in your program, including
data users. List their specific roles and re-
sponsibilities. In many monitoring projects,
one individual may have several respon-
sibilities. An organizational chart is a good
way to graphically display the roles of key
players.

Element 5: Problem Identification/
Background

In a narrative, briefly state the problem your
monitoring project is designed to address.
Include any background information such as
previous studies that indicate why this project
1s needed. Identify how your data will be used
and who will use it.

Element 6: Project/Task Description

In general terms, describe the work your
volunteers will perform and where it will take
place. Identify what kinds of samples will be
taken, what kinds of conditions they will
measure, which ones are critical, and which
are of secondary importance. Indicate how
you will evaluate your results—that is, how
you will be making sense out of what you
find. For example, you may be comparing
your water quality readings to state or EPA
standards, or comparing your submerged
aquatic vegetation (SAV) evaluations to state-
established reference conditions or historical
mformation.

Include an overall project timetable that
outlines beginning and ending dates for the
entire project as well as for specific activities
within the project. The timetable should
include information about sampling
frequency, lab schedules, and reporting
cycles.

Element 7: Data Quality Objectives for
Measurement Data

Data Quality Objectives (DQOs) are the
quantitative and qualitative terms used to
describe how good your data must be to meet
the project’s objectives. DQOs for water
quality variables should address precision,
accuracy, representativeness, completeness,
comparability, and sensitivity (see “Basic
Concepts™ in this chapter for a discussion of
these terms).

If possible, provide information on DQOs
in quantitative terms. Since it i1s important to
develop a QAPP prior to monitoring, it may
not be possible to include actual numbers for
some of the water quality measurement
variables within the first version of the
document. You will need, however, to discuss
your goals or objectives for data quality and
the methods you will use to make actual
determinations after monitoring has begun.
DQOs should be given for each parameter
you are measuring and in each “matrix” (i.e.,
substance you are sampling from, such as
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Table 5-9. Sample Data Quality Objectives (DQOs) for a volunteer estuary monitoring program. (Adapted from USEPA, 1990 and USEPA, 1996.)

Parameter Method/Range Units Sensitivity Precision Accuracy
Temperature thermometer °C 0.5°C +1.0°C +0.2°C
-5.0° to 45°C
pH wide-range colorimetric standard pH units 0.5 units 0.6 units 0.4 units
field kit
3.0 to 10.0 units
Salinity hydrometer parts per thousand 0.1 ppt +1.0 ppt +0.82 ppt
(ppt)
Dissolved Winkler titration mg/l 0.2 mg/l +0.9 mg/l +0.3 mg/l
Oxygen 1 to 20 mg/l
Limit of Secchi disk meters 0.05m NA NA
Visibility

water or sediment). A table is the easiest way
to present quantitative DQOs (seec Table 5-9).

In some types of monitoring, particularly
macroinvertebrate monitoring and habitat
assessment, some data quality indicators cannot
be quantitatively expressed. In that case, you
can fulfill this requirement of the QAPP by cit-
mg and describing the method used and by pro-
viding as many of the data quality indicators as
possible (e.g., completeness, representativeness,
and comparability) in narrative form.

DQOs should be set realistically. The volun-
teer program should closely examine its budget
when forming its DQOs. Decisions regarding
the ultimate objectives must always strike a bal-
ance between the needs of data users and the
fiscal restraints of the program (Figure 5-2).

Element 8: Training Requirements/
Certification

Identify any specialized training or
certification requirements your volunteers will
need to successfully complete their tasks.
Discuss how you will provide such training,
who will conduct the training, and how you
will evaluate volunteer performance.
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Element 9: Documentation and Records

Identify the field and laboratory information
and records you need for the project. These
records may include raw data, QC checks,
field data sheets, laboratory forms, and
voucher collections. Include information on
where and for how long records will be
maintained. Copies of all forms to be used in
the project should be attached to the QAPP.

Element 10: Sampling Process Design

Outline the experimental design of the
project including information on types of
samples required, sampling frequency,
sampling period (e.g., season), and how you
will select sample sites and identify them over
time. (A discussion on how to select
monitoring sites can be found in Chapter 6.)
Indicate whether any constraints such as
weather, seasonal variations, or site access
might affect scheduled activities and how you
will handle those constraints. Include site
safety plans. In place of extensive discussion,
you may cite the sections of your program’s
SOPs that detail the sampling design of the
project.

Volunteer Estuary Monitoring: A Methods Manual
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Element 11: Sampling Methods
Requirements

Describe your sampling methods. Include
information on parameters to be sampled,
how samples will be taken, equipment and
containers used, sample preservation methods,
and holding times (time between taking
samples and analyzing them). If samples are
composited (i.e., mixed), describe how this
will be done. Describe procedures for
decontamination and equipment cleaning.
Most of this information can be presented in a
table or you may also cite any SOPs that
contain this information.

Element 12: Sample Handling and
Custody Requirements

Sample handling procedures apply to
projects that bring samples from the field or
monitoring site to the lab for analysis,
identification, or storage. These samples should
be properly labeled in the field. At a minimum,
the sample identification label should include
sample location, sample number, date and time
of collection, sample type, sampler’s name, and
method used to preserve the sample.

Describe the procedures used to keep track

of samples that will be delivered or shipped to
a laboratory for analysis. Include any chain-
of-custody forms and written procedures that
field crews and lab personnel should follow
when collecting, transferring, storing,
analyzing, and disposing of samples and
associated waste materials.

Element 13: Analytical Methods
Requirements

List the methods and equipment needed for
the analysis of each parameter, either in the
field or in the lab. If your program uses
standard methods, cite these (see, for
example, APHA, 1998). If your program’s
methods differ from the standard or are not
readily available in a standard reference,
describe the analytical methods or cite and
attach the program’s SOPs.

Element 14: Quality Control Requirements

List the number and types of field and
laboratory quality control samples your
volunteers will take (see “Quality Control and
Assessment” earlier in this chapter). This
mformation can be presented in a table. If you
use an outside laboratory, cite or attach the
lab’s QA/QC plan.

What Is a Performance Based Measurement System (PBMS)?

Volunteer monitors may hear increased discussion about a fundamentally different approach to
environmental monitoring, known as a “performance based measurement system,” or PBMS.
Rather than requiring that a prescribed analytical method be used for a particular measure-
ment, PBMS permits any method to be used provided that it demonstrates an ability to meet
required performance standards. In other words, PBMS conveys “what™ needs to be
accomplished, but not prescriptively “how’ to do it.

Under PBMS, the U.S. Environmental Protection Agency (EPA) would specify:

¢ questions to be answered by monitoring;

¢ decisions to be supported by the data;

« the level of uncertainty acceptable for making decisions; and

¢ documentation to be generated to support this approach.

EPA believes that this approach will be more flexible and cost-effective for monitoring
organizations. Volunteer groups should check with their data users (e.g., state water quality
agencies) to determine acceptable performance based methods.
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QC checks for biological monitoring
programs can be described in narrative form,
and, if appropriate, should discuss replicate
sample collection, cross checks by different
field crews, periodic sorting checks of lab
samples, and maintenance of voucher and
reference collections. Describe what actions
you will take if the QC samples reveal a
sampling or analytical problem.

Element 15: Instrument/Equipment
Testing, Inspection, and Maintenance
Requirements

Describe your plan for routine inspection
and preventive maintenance of field and lab
equipment facilities. Identify what equipment
will be routinely inspected, and what spare
parts and replacement equipment will be on
hand to keep field and lab operations running
smoothly. Include an equipment maintenance
schedule, if appropriate.

Element 16: Instrument Calibration and
Frequency

Identify how vou will calibrate sampling
and analytical instruments. Include
mformation on how frequently instruments
will be calibrated, and the types of standards
or certified equipment that will be used to
calibrate sampling instruments. Indicate how
you will maintain calibration records and
ensure that records can be traced to each
mstrument. Instrument calibration procedures
for biological monitoring programs should
mclude routine steps that ensure equipment is
clean and in good working order.

Element 17: Inspection and Acceptance
Requirements for Supplies

Describe how you determine if supplies,
such as sample bottles, nets, and reagents, are
adequate for your program’s needs.
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Element 18: Data Acquisition
Requirements

Identify any types of data your project uses
that are not obtained through your monitoring
exercises. Examples of these types of data
include historical information, information
from topographical maps or aerial photos, or
reports from other monitoring groups. Discuss
any limits on the use of this data resulting
from uncertainty about its quality.

Element 19: Data Management

Trace the path of your data, from field
collection and lab analysis to data storage and
use. Discuss how you check for accuracy and
completeness of field and lab forms, and how
you minimize and correct errors in calcula-
tions, data entry to forms and databases, and
report writing. Provide examples of forms and
checklists. Identify the computer hardware
and software you use to manage your data.

Element 20: Assessments and Response
Actions

Discuss how you evaluate field, lab, and
data management activities, organizations
(such as contract labs), and individuals in the
course of your project. These can include
evaluations of volunteer performance (e.g.,
through field visits by staff or in laboratory
refresher sessions); audits of systems (e.g.,
equipment and analytical procedures); and
audits of data quality (e.g., comparing actual
data results with project quality objectives).

Include information on how your project
will correct any problems identified through
these assessments. Corrective actions might
mclude calibrating equipment more
frequently, increasing the number of regularly
scheduled training sessions, or rescheduling
field or lab activities.
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Element 21: Reports

Identify the frequency, content, and
distribution of reports to data users, sponsors,
and partnership organizations that detail
project status, results of internal assessments
and audits, and how QA problems have been
resolved.

Element 22: Data Review, Validation, and
Verification Requirements

State how you review data and make
decisions about accepting, rejecting, or
qualifying the data. All that is needed here 1s
a brief statement of what will be done and by
whom.

Element 23: Validation and Verification
Methods

Describe the procedures you use to validate
and verify data. This can include, for
example, comparing computer entries to field
data sheets; looking for data gaps; analyzing

quality control data such as chain of custody
mformation, spikes, and equipment
calibrations; checking calculations; examining
raw data for outliers or nonsensical readings;
and reviewing graphs, tables, and charts.
Include a description of how detected errors
will be corrected and how results will be
conveyed to data users.

Element 24: Reconciliation with Data
Quality Objectives

Once the data results are compiled, describe
the process for determining whether the data
meet project objectives. This should include
calculating and comparing the project’s actual
data quality indicators (precision, accuracy,
completeness, representativeness, and
comparability) to those you specified at the
start of the project and describing what will
be done if they are not the same. Actions
might include discarding data, setting limits
on the use of the data, or revising the project’s
data quality objectives. H
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Chapter 8: Sampling Considerations

Overview

In the very early stages of developing any volunteer estuary monitoring
program, four important decisions must be made. Program leaders, with input
from their volunteers, must decide what environmental parameters they will
monitor, how the parameters will be measured, where monitoring sites will be

located, and when monitoring will occur.

This chapter discusses some considerations that should be taken into account

when making these decisions.

6-1
Volunteer Estuary Monitoring: A Methods Manual




Chapter 6: Sampling Considerations

Four Critical Questions

Previous chapters laid the
groundwork for developing
and operating a volunteer
estuary monitoring program.
Discussions focused on the
need for volunteer programs
to understand why it is
necessary to collect data,
how the data will be used,
and who will use it.
Involving potential data

the parameters should be selected to help
characterize the health of your estuary. By
assessing the problems—and potential
problems—facing the estuary, it should
become clear which parameters will be most
important to monitor. Of course, the costs
(time and money) associated with monitoring
will factor into your decision.

There are several common water quality
parameters that volunteer programs measure
(see Ely and Hamingson, 1998). These

Many field test kits require the monitor to
compare the colors of a prepared water
sample with a standard (photo by K. Register).

users in program
development is essential.

include:

water temperature;

There are many additional
components to the development of an overall
monitoring program and its quality assurance
project plan (QAPP). Most revolve around
four fundamental questions:

¢ What parameters will the volunteer pro-
gram monitor?

e How will the selected parameters be
monitored?

¢ Where will monitoring sites be located?
¢ When will monitoring occur?

While the questions may seem basic
enough, they can hardly be overlooked or
brushed aside. Clear and concise answers to
these simple yet focused questions will form
the backbone of your monitoring program,
providing the foundation upon which the
program will rest.

Over time, 1t will be valuable to reevaluate
your answers to ensure that the goals and
objectives of the program are still being met.
Such evaluations may reveal a need for
program adjustments.

What to Monitor? Selecting Sampling
Parameters

What aspects of the estuary should your
volunteer program monitor? There are many
options from which to choose, but ultimately

¢ turbidity or transparency;
« dissolved oxygen;

* pH;

¢ salinity; and

e nutrients.

As techniques are mastered and monitoring
skills improve, many volunteer groups go on
to include additional parameters to their
monitoring repertoire, including:

¢ fecal coliform and other indicator
bacteria;

¢ chlorophyll;
¢ sulfates;

¢ pesticides;
¢ metals;

¢ changes in water color following storm
events;

o effects of erosion and sediment control
measures;

« habitat conditions and availability;
¢ macroimvertebrates;

e condition and abundance of fish and
birds; and

¢ phytoplankton, submerged aquatic vege-
tation (SAV) and shoreline plants.
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Helpful Hint

When deciding what water quality variables
to monitor, consider the needs of your data
users. They can help you select the variables
that most effectively detect potential
problems in the estuary. In addition to your
data users, also consult with the following:

« state, federal, and regional environmen-
tal quality agencies;

» municipal governments,

» county planning offices;
 wastewater treatment plants;

« local nonprofit environmental groups;

* university and college environmental
departments (e.g., environmental sci-
ence, oceanography, civil engineering,
hydrology, biology); and

« middle and high school teachers.

How to Monitor? Selecting Monitoring
Methods and Equipment

An important question for any monitoring
program concerns monitoring methods and
equipment. As you will see in later chapters,
there are usually two or more ways to monitor
any water quality parameter.

Your selection of methods and equipment
will be based partly on data accuracy require-
ments and cost. For a state water quality agency
to accept volunteer-generated data, for example,
the data must be collected using state-approved
methods and equipment. If the purpose of the
monitoring is to “screen’ for potential prob-
lems, you may purchase less expensive and per-
haps less accurate or precise equipment.

Electronic meters (powered by batteries) are
available to measure many different water qual-
ity parameters, including pH, dissolved oxygen,
conductivity, salinity, temperature, total dis-
solved solids, and biochemical oxygen demand.
Many meters will test for two or more of these
parameters. Meters can provide quick and accu-
rate data, but they require frequent calibration
and regular maintenance to ensure proper func-

tioning. They can also be expensive, ranging
from $300 to $5000, depending on the number
of functions, accuracy, range, and resolution of
the mstrument. Nevertheless, meters may prove
cost-effective, especially when a large number
of samples need to be analyzed.

Field test kits measure many of the same
water quality parameters as meters and tend to
be much less expensive, but pollutant detection
levels can be unacceptable to some data users.
Again, part of the decision to use meters or
field kits will depend on the quality of data that
your program is trying to achieve. In some
states, the data from volunteers using field kits
will be accepted, while in other states, the data
will be considered valuable only as a “screen”
for potential problems.

Some Tips on Kits

Suppose you intend to use inexpensive field
kits that rely on a visual color comparison
using a “color wheel” or “color comparator.”
How would you go about shopping for the
most suitable kits? Here are a few
suggestions:

>

¢ Look for reagents that produce a blue or
green color; the human eye is better at
perceiving the density of blue or green.

¢ Look for less toxic reagents (¢.g., sali-
cylate versus Nessler for ammonia, zinc
rather than cadmium for nitrate).

¢ Look for kits that report the lowest pos-
sible concentration range, relying on the
option of diluting the sample if the con-
centration is too high (make sure you
have the equipment for making dilu-
tions—a small syringe without needle,
distilled water, and a dedicated jar).

¢ Look for reagents in liquid form rather
than powder—it is often tedious to
wrestle with powder packets, especially
with wind that may blow and scatter
the powder.

(Excerpted and adapted from Katznelson, 1997.)
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Chapter 6: Sampling Considerations

Where to Sample? Selecting Monitoring
Locations

Volunteer program leaders must determine
the geographic location where monitoring
efforts will provide the most useful
information. After monitoring sites are
selected, a decision must be made about
where in the water column volunteers will
collect their samples.

Picking Monitoring Sites

Selecting representative sampling sites is
one of the most important elements in setting
up a monitoring effort. In any type of water
quality monitoring, basic information about
the area of interest is essential for the program
manager to consider before selecting
monitoring sites. Several things to consider
are listed in the box below.

Considerations for Selecting Monitoring Sites
Background Information

Obtain a map of the watershed with all areas that drain into the estuary identified and a bathymetric map of
the estuary showing depth information.

Gather reports and/or data that supply general information on the estuary.

Check with your state water quality agency and other monitoring groups to learn their monitoring site
locations. Monitoring at the same sites monitored by other groups can help provide trend data; monitoring
different sites can improve coverage of the entire estuary.

Collect information on adjoining estuaries if there are plans to conduct data comparisons.

Compile data on current and past activities in the basin that could affect pollutant levels (e.g., locations of
wastewater treatment plants, areas of urban or agricultural runoff, new development sites).

Investigate sites in areas of known or suspected pollution.

Decision-Making

Determine whether there is a real need for data to be collected from the area, thereby ensuring the immediate use
of data collected.

Consider whether you have a sufficient pool of volunteers to monitor the site in the manner and time required.

Consider sites where there may be little or no data (e.g., areas near land targeted to be developed) to establish
baseline conditions.

Consider how long data will need to be collected at the site in order to be useful. For example, several years of
data collection may be necessary to make justifiable conclusions about water quality trends.

Verification

Confirm that you will have safe, physical, and legal access to the site(s).

If the monitoring effort requires the collection of water samples, verify that the site 1s underwater at all times,
mcluding low tide.

Ensure that sampling sites are representative of the estuary and its watershed, if your goal is to assess overall
estuary health (e.g., a site immediately downstream of a bridge is not likely to be representative of overall estuary
conditions).

Confirm that volunteers can precisely relocate the site.

(Adapted from USEPA, 1990, and Stancioff, 1996.)

6-4
Volunteer Estuary Monitoring: A Methods Manual




Chapter 6: Sampling Considerations

Site location will depend a great deal on the
purpose of data collection. If, for example, the
program is attempting to pinpoint trouble
spots in the estuary, the manager should
cluster monitoring sites where point and
nonpoint pollution sources enter the water. To
help ensure the data’s scientific validity,
volunteers should monitor sample locations
both upstream and downstream from the
pollutant inflow point, as well as at the point
of entry, to provide comparative data.

Some programs may wish to obtain baseline
data that, over several years, will reveal water
quality trends. Rather than concentrating on a
few critical sites, this type of program should
choose a sufficient number of sites scattered
throughout the estuary or in the arca of
mterest that will paint a representative picture
of water quality status over time.

Deciding Where to Sample in the Water
Column

Monitors must consider that water quality
parameters are always changing. At any given
time, conditions at the surface may not be the
same as those at the bottom. For most citizen
monitoring programs and most water quality
parameters, however, samples taken from the
estuary’s surface will suffice. These samples
will provide a reasonably accurate indication
of water quality in the vicinity of the
sampling site. For more sophisticated studies
m which water quality parameters throughout
the water column are of interest, volunteers
may need to collect samples using a standard
water sampler at precise depths.

The stratification of the estuary may also
mfluence where samples are taken in the
water column. For instance, a well-stratified
estuary may require surface, intermediate, and
bottom water samples or a complete profile to
fully characterize the status of different water
quality variables in its waters. A reasonably
well-mixed estuary, however, or one in which
the monitoring sites are located only in
shallow waters (where stratification often
breaks down) may require only a single
surface sample at each site.
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While tidal range (the difference between
high and low tides) is negligible in some
estuaries, programs studying arecas with large
swings in tides will have to consider this
effect. Tides strong enough to cause mixing
may weaken the stratification in the estuary.
This effect is particularly apparent during
spring tides (the highest tides of the month).
By mixing the upper and lower layers, for
example, the tides allow nutrients trapped in
bottom waters to mix upward and oxygen
from the surface to move down.

When to Sample?
Selecting the Right Time

The timing of most sampling efforts will
depend largely on the goals of the monitoring
program, accessibility of the site, weather,
number of monitors, and the water quality
variables to be measured. The time of day and
season can significantly affect your results. In
addition, the maximum holding time for cach
sample and the sampling frequency necessary
to get the right information can influence
when samples will need to be collected
(Dates, 1992).

Time of Day

Sampling results can fluctuate dramatically,
depending on the time of day that samples are
collected. For example, during the day aquatic
plants utilize sunlight for photosynthesis,
releasing oxygen as a byproduct. At night, the
plants respire, consuming oxygen. As a result,
dissolved oxygen levels can rise and fall
significantly, especially in arcas with dense
aquatic vegetation. Under these
circumstances, oxygen concentrations are
lowest at sunrise and highest in the afternoon.

The time of day will also influence where
many organisms will be found in the water
column. Zooplankton, for example, migrate
from deeper water to the surface at night to
feed, while many fish species travel daily
throughout the water column in search of
food.

The time of day has other impacts on
monitoring. A common tool for measuring
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water clarity is the Secchi disk. One condition
for its optimal use is that the disk be used
when the sun is directly overhead. (The disk
can be used at other times during the day, but
this would result in less than optimal results;
see Chapter 15). To comply with this
condition means that there is a small window
of opportunity for which monitoring
conditions are ideal.

Because of these daily considerations, it is
often helpful to select consistent sampling
times for many water quality parameters.
However, ideal sampling times may also
depend on tides, which could expose nothing
but mud where there had been water only a
few hours earlier. Tidal stages vary from day
to day.

Time of Year

Environmental conditions change with the
seasons, and monitoring results can reflect
those variations. For example, nutrient and
pesticide concentrations in estuaries vary
considerably from season to season. More
runoff enters the estuary during wet weather
periods, delivering pollutants and fresh water.
Consequently, pollution concentrations can be
higher and salinity lower at these times. When
runoff occurs, higher estuarine concentrations
correspond to times of the year when
fertilizers and pesticides are most commonly
applied on land (USGS, 1999).

On the other hand, dry weather periods
mean less runoff to the estuary. Higher
salinity and lower pollutant levels may mark
such dry periods. The same observation may
be made in colder climates during the winter,
when snow remains on land and the spring
thaw is months away.

The seasons have a profound influence on
several other water quality measures,
particularly dissolved oxygen. For example:

¢ cold water retains dissolved oxygen bet-
ter than warmer water;

¢ increased plant activity in the warmer
months has a strong influence on daily
oxygen concentrations;

* vertical temperature gradients in the
estuary—usually greater during the
summer months—hinder oxygen
diffusion; and

¢ scasonal storms help mix estuarine
waters.

Seasonal sampling may also be influenced
by program objectives. If your program is
mterested in determining whether the estuary
1s safe for swimming, for example, it is best
to sample when people are most likely to be
mn the water. For this purpose, it is
unnecessary in most places to sample during
the winter.

Finally, there 1s the practicality 1ssue.
Seasons may influence the level of volunteer
participation. Will enough volunteers be
willing to go out in freezing weather or under
a scorching sun to collect samples?

Holding Time

Consider the maximum duration that a
sample can be held before it is tested. Many
bacteria samples must be chilled and sent to a
laboratory for testing within six hours.
Because of the stringent holding time
requirements, sampling during weekends and
evenings—when most laboratories are
closed—may not be a good idea for some
water quality measures.

Frequency

Like most issues of timing, sampling
frequency usually depends on the goals of the
monitoring effort. For example, if you are
monitoring to detect pollution from point
sources, very frequent sampling—daily or
even hourly—is usually necessary. On the
other hand, some biological parameters,
which indicate estuarine conditions over long
periods of time, need to be sampled only a
couple of times each year (usually the spring
and fall).

Sampling frequency may also be
determined based on atmospheric or other
events. It is often useful to have volunteers
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available to collect data during or after large the water. The occurrence of extraordinary
storms as long as the program manager deems events, such as fish kills or “crab jubilees”

it safe to sample. Such data is often (phenomena characterized by crabs crawling
invaluable to state managers who mav be onto the land because of low oxvegen

unable to mobilize forces quickly enough to concentrations 1n the water), can also trigger
capture such events. Storm data gives a additional monitoring cfforts to determine the

snapshot of how severe wind and precipitation  cause of the cvents. B
affect the status of water quality variables in
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Chapter 7: In the Field

Overview

Being in the estuarine environment has great appeal for many volunteers. The
key for any program leader is to maintain volunteer interest while ensuring the
quality of data. To meet these goals, the program leader must recognize that
several elements go into the collection of estuary data. Failure to consider these

clements can cause problems for volunteers and program managers.

Previous chapters discussed planning a volunteer monitoring program,
establishing a quality assurance project plan, and general sampling considerations.
This chapter reviews several topics applicable when volunteers travel into the
estuary to collect and analyze samples. It includes discussions of safety, supplies
and equipment, locating the sampling site, making observations about the site,

collecting data, and completing the data collection form.
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Fun in the Field

As discussed in Chapter 4, volunteers have angry volunteers can return, after hours of
different reasons for getting involved with an mucking around, with no data because they
estuary monitoring program. One common discovered too late that their equipment was
motive 1s the opportunity to be outside, on the not operating properly. Data interpretation
water, helping the estuary. Many volunteers may be hampered because volunteers fail to
look forward to going, as scientists say, “into complete data forms properly. Volunteer
the field™ to collect and analyze water mjuries, while uncommon, must always be in
samples. For them, being in the field is an the back of every leader’s mind.
enjoyable experience. With proper planning and training, the

While being in the field is more often than monitoring leader can avoid these problems.
not an entertaining experience for all A bit of forethought before sending volunteers
involved, volunteer leaders need to be aware to monitoring sites can ensure volunteer
of several potential pitfalls. Sampling errors safety, data quality, and fun in the field. B

can compromise data quality. Disappointed or

Preliminary Steps for Field Sampling

The following steps generally apply when monitoring most estuary water quality variables. Elaboration on these
steps 1s provided throughout this chapter. These are not the only necessary steps, however. Additional steps should
be taken for each water quality parameter. Refer to each respective chapter for details.

STEP 1: Prepare for the field

Before proceeding to the monitoring site, the volunteer should confirm sampling date and time, understand safety
precautions, check weather conditions and verify directions to the monitoring site.

STEP 2: Check equipment

The volunteer should also ensure that all necessary personal gear and sampling equipment are present and in working
order. Results may be inaccurate if the volunteer has to improvise because a sampling device or chemical bottle has
been left behind.

STEP 3: Confirm proper sampling location

The volunteer should have specific directions for locating a sampling site. If unsure whether he or she is in the correct
spot, the volunteer should record a detailed description of where the sample was taken so that it can be compared to the
mtended site later.

STEP 4: Record preliminary observations and field measurements

The volunteer should record general field observations and measurements (e.g., potential pollution sources, indicators of
pollution, presence and apparent health of wild and domestic animals, water color, debris or oil, algal blooms, air temper-
ature, weather conditions, etc.) once at the site. This information is valuable when it comes time to interpret your results.

Record any condition or situation that seems unusual. Descriptive notes should be as detailed as possible.
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Before Leaving Home

Chapter 4 detailed volunteer training,
emphasizing safety, proper monitoring
techniques, and quality assurance/quality
control procedures. No volunteer should begin
monitoring until properly trained.

Before heading out to sample for the first
time, the volunteer should select a sampling
timetable that fits into his or her personal
schedule. Adherence to the sampling schedule
1s ideal, but program managers should
recognize that occasionally scheduled
sampling days and times will be missed due
to weather, illness, holidays, vacations, etc. If
possible, a makeup date should be arranged
within two days on either side of the original
date or a trained backup volunteer should
substitute for an unavailable volunteer.

The volunteer should confirm the sampling

Safety Considerations

Safety is one of the most critical
considerations for a volunteer monitoring
program and can never be overemphasized.
All volunteers should be trained in safety
procedures and should carry with them a set
of safety instructions and the phone number
of their program coordinator or team leader.

The following are some basic commonsense
safety rules for volunteers:

¢ Develop a safety plan. Find out the
location and telephone number of the
nearest telephone and write it down, or
have a cellular phone available. Locate
the nearest medical center and write
down directions for guiding emergency
personnel from the center to your
site(s). Have each member of the
sampling team complete a medical form
that includes emergency contacts,
msurance mformation, and relevant
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date and time with the program manager and
laboratory (if samples are being sent for lab
analysis) each time before going out to collect
samples. This is especially true if the samples
need to be analyzed in a laboratory within a
particular timeframe.

The volunteer, in collaboration with the
program manager, should also characterize the
collection site with a written description, map,
and accompanying photograph. This
mformation serves as an initial status report
with which to compare any future changes of
the site. Use a global positioning system unit,
nautical map, or topographic map to
determine the latitude and longitude of the
site. Maps and photographs may be available
for your area (see Appendix C). B

health information such as allergies,
diabetes, epilepsy, etc.

e Listen to weather reports. Never go
sampling if severe weather or high
waves are predicted or if a storm occurs
while at the site. Training should
mclude information on the appropriate
circumstances for both proceeding with
and waiving data collection. If
volunteers elect to go out in poor
conditions, they should be aware of the
risks and always take proper safety gear
(particularly if proceeding by boat). No
one should go out on the water during
thunderstorms or high wave conditions.

¢ Always monitor with at least one
partner (teams of three or four are best).
Let someone know where you will be,
when you plan to return, and what to do
if you don’t return at the designated
time.
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Have a first aid kit handy (see box, page
7-5). Know any important medical
health conditions of volunteers (e.g.,
heart conditions or allergic reactions to
bee stings). It is best if at least one team
member has current first aid/CPR
training.

Dress properly. In cold weather, bring
layered clothing, gloves, and boots. In
warm weather, dress to avoid sunburn,
msects, jellyfish, and brambles. Always
bring goggles and latex gloves (or some
alternative gloves for those allergic to
latex). Wear hunter’s orange during
hunting season.

Bring water and snacks.

If you drive, park in a safe location. Be
sure your car doesn’t pose a hazard to
other drivers and that you don’t block
traffic.

Put your wallet and keys in a safe place,
such as a floatable, watertight bag that
can be kept in a pouch strapped to your
waist.

Never cross private property without the
permission of the landowner. A better
option, depending on the project’s
objectives, might be to sample at public
access points (e.g., public parks). Take
along a card identifying you as a
volunteer monitor.

Watch for irate dogs, farm animals, and
wildlife (particularly snakes, ticks,
hornets, and wasps). Know what to do if
you get bitten or stung.

Watch for poison 1vy, poison oak,
sumac, and other types of vegetation in
your area that can cause rashes and
irritation.

Do not walk on unstable riverbanks.
Disturbing these banks can accelerate
erosion and might prove dangerous if
the bank collapses. Do not disturb
vegetation on the banks.
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Be very careful when walking in the
estuary itself. Rocky-bottom areas can
be very slippery and soft-bottom areas
may prove treacherous in arcas where
mud, silt, or sand have accumulated in
sinkholes. Your partner(s) should wait
on dry land, ready to assist you if you
fall. Wear waders and rubber gloves at
sites suspected of having significant
pollution problems.

Never wade in swift or high water.

Confirm that you are at the proper site
by checking maps, site descriptions,
directions, or a global positioning
system.

Do not monitor if the site is posted as
unsafe for body contact. If the water
appears to be severely polluted, contact
your program coordinator.

Pay attention to the tidal stage. Don’t
get trapped by rising or falling tides.

If you are sampling from a bridge, be
wary of passing traffic. Wear bright
orange safety vests and hats and set out
orange traffic cones. Never lean over
bridge rails unless you are firmly
anchored to the ground or the bridge
with good hand/foot holds.

Wash vour hands with antibacterial soap
after monitoring. Eat nothing until you
have washed your hands.

If you are using a boat, ensure that
hulls, engines, equipment, and trailers
are inspected and in good working
order.

If at any time you feel uncomfortable
about the condition of the monitoring
site or your surroundings,
immediately stop monitoring and
leave the site. Your safety is more
important than the data!
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When using chemicals:

¢ Know your equipment, sampling
mstructions, and procedures before
going out into the field. Prepare labels
and clean equipment before you get
started.

¢ Keep the sampling equipment clean
before and after each use.

¢ Keep all equipment and chemicals away
from small children and animals. Many
of the chemicals used in monitoring are
poisonous. Tape the phone number of
the local poison control center to your
sampling kit.

¢ Avoid contact between chemical
reagents and skin, eye, nose, and mouth.
Never use your fingers to stopper a
bottle (e.g., when you are shaking a
solution). Wear safety goggles and
gloves when performing any chemical
test or handling preservatives.

¢ Know how to use and store chemicals.
Do not expose chemicals or equipment
to temperature extremes or long-term
direct sunlight (see “Getting the Most
Out of Reagents,” page 7-6).

¢ Any work surface should be kept clean
of chemicals and sponged with clean
water after the test is complete.

¢ Know chemical cleanup and disposal
procedures. Wipe up all spills when they
occur. Return all unused chemicals to
your program coordinator for safe
disposal. Close all containers tightly
after use. Do not put the cap of one
reagent onto the bottle of another.
Dispose of waste materials and spent
chemicals properly (see box, page 7-8).

¢ When working with bacteria samples,
wash your hands between samples and
when you are finished with testing.
Avoid contact with bacterial colonies
after they have been incubated
(Stancioff, 1996). &

First Aid

At a minimum, a first aid kit should
contain the following items:

¢ Telephone numbers of emergency
personnel (e.g., police, ambulance
service)

¢ First aid manual which outlines
diagnosis and treatment procedures

¢ Antibacterial or alcohol wipes
¢ First aid cream or ointment

¢ Acctaminophen for relieving pain and
reducing fever

¢ Several band-aids

e Several gauze pads 3 or 4 inches square
e 2-inch roll of gauze bandage

¢ Triangular bandage

e Large compress bandage

¢ 3-inch wide elastic bandage

¢ Needle for removing splinters

¢ Tweezers for removing ticks

¢ Single-edged razor blade

¢ Snakebite kit

¢ Doctor-prescribed antihistamine of
participant who is allergic to bee stings

Be sure to carry emergency telephone
numbers and medical information for
everyone participating in field work
(including the leader) in case of
emergency.

(Excerpted and adapted from USEPA, 1997.)
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Getting the Most Out of Reagents

Most volunteer monitoring programs use chemicals called reagents to help analyze water
samples. Because the reagents are chemically reactive, they can easily degrade. Test
reagents are also very susceptible to contamination under field conditions.

Replacing degraded reagents results in additional expense for the monitoring program. If
bad reagents are not discovered in time, their use can also lead to erroncous water quality
measurements and disappointed volunteers whose hard work in the field is wasted. It is
therefore wise—financially and programmatically—to check reagent quality and extend
their useful life whenever possible.

Reagent Enemies

Temperature

In general, the speed of a chemical reaction doubles with every 10°C increase in
temperature. Since reagent decomposition occurs by means of chemical reactions, high
temperatures will speed decomposition.

Sunlight

Many reagents will decompose when exposed to direct sunlight. Reagents containing
silver—commonly found in kits that use a titration method to test chloride or salinity—
are especially sensitive to sunlight and will turn black when decomposition occurs due to
sunlight exposure. This reagent is supplied in an amber glass, amber plastic, or other
opaque plastic container to protect it from sunlight.

Air
Evaporation can concentrate reagents, a condition which is especially critical for a titrant.
Many reagents can also react chemically with oxygen or carbon dioxide in the air.

Contamination

Any foreign material introduced into a reagent bottle can cause test results to be in error.
Mold or algae can grow in starch reagents. Other common sources of contamination are
madequate cleaning of equipment that is used to analyze more than one sample and
failure to use a dedicated dropper for each reagent.

(continued)
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(Getting the Most . . .continued)

Recognizing Bad Reagents

One of the easiest ways to tell if a reagent has gone bad is by its appearance. Note the
reagent’s color when you first receive it. Over time, look for any changes in color or
clarity, or for formation of solids (e.g., a crust on the lip of the bottle, floating particles,
or solids settled at the bottom).

If you suspect that a reagent has gone bad, you can test it by using a standard (a solution
of known pollutant concentration). Standards can be purchased from test kit
manufacturers or other chemical companies, or obtained from cooperative laboratories.
Most reagents will also have expiration dates printed on their containers.

You can also test your reagents by checking the suspect test kit against another kit that
has fresh reagents, or by cross-checking the kit against another method, such as a meter.

Preventing Degradation

There are many steps you can take in the field to get the most use out of reagents:
« Keep reagent bottles inside test kit during storage.
¢ Store kits away from heat and sunlight (this includes car trunks!).
e Minimize the amount of reagent exposure to heat and sunlight during testing.

¢ Do not leave reagent containers open any longer than necessary when performing
tests.

¢ Be sure to place sunlight-sensitive reagents in opaque bottles when replacing or
refilling them.

¢ Keep reagent bottles tightly capped.
¢ Use dedicated droppers and dedicated equipment whenever possible.
¢ Always bring a container to the field for washing equipment between tests.

« Keep reagents in a refrigerator that is not used to store food.
Of course, check expiration dates and replace reagents before they expire.

(Excerpted from McAninch, 1997.)
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Dealing with Waste
Waste Liquids:

Many water quality monitoring kits produce waste liquids that you cannot pour into the
estuary. Read the “Material Safety Data Sheet” that comes with your monitoring equipment
for specific disposal procedures. Here is one method used to dispose of waste liquids:

e Pour all waste liquids into a separate container, such as a bottle or jug with a screw cap.
Beverage containers should not be used for this purpose, since the contents could be
mistaken for a beverage. Containers into which liquid wastes are poured should be
clearly labeled with appropriate warnings. It is usually acceptable to mix the waste
from all your field tests, but confirm this by reading the “Material Safety Data Sheet”
that comes with the monitoring equipment.

¢ Take the waste container home (don’t dump it outside).

¢ At home, add kitty litter to the container, cap it tightly, and put it out with the trash.

Some manufacturers® Material Safety Data Sheets will tell monitors to dilute waste liquids
and pour them down the drain if the monitors” homes are served by centralized wastewater
treatment systems. It is recommended that volunteer leaders contact their local wastewater
management agency to get exact instructions. It is important to tell the wastewater
management agency the names of each chemical used. Never put the waste liquids down the
drain if you have a septic system, and never dispose of mercury from a broken thermometer
by pouring it down any drain. Many volunteer programs avoid this potential problem by using
alcohol thermometers.

Bacteria Cultures:

After counting the colonies that have grown in petri dishes, two methods to safely destroy the
bacteria cultures are:

Autoclave

Place all petri dishes in a container in an autoclave. Heat for 15 to 18 minutes at 121°C and at
a pressure of 15 pounds per square inch. Throw away the petri dishes.

Bleach

Disinfection with bleach should be done in a well-ventilated area, since it can react with
organic matter to produce toxic and irritating fumes. Pour a 10-25 percent bleach solution
mto each petri dish. Let the petri dishes stand overnight. Place all petri dishes in a sealed
plastic bag and throw away.

7-8
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What to Bring

Much of the equipment a volunteer will need
m the field is easily obtained from either hard-
ware stores or scientific supply houses. Other
equipment can be found around the house. In
cither case, the volunteer program should clear-
Iy specify the equipment its volunteers will
need and where 1t should be obtamned.

Listed below are some basic supplies appro-
priate for any volunteer ficld activity. Much
of this equipment 1s optional but will enhance
the volunteers” safety and effectiveness.

Safety and Health Supplies

» rubber gloves to guard against
contamination {(warning: some people
are allergic to latex; ask volunteers if
they are allergic);

e cve protection;

» insect repellent;

e sunblock;

s small first aid kit (see box, page 7-5);

o flashlight and extra batterics;

+ whistle to summon help m emergencies;
¢ cellular phone;

o refreshments and drinking water;

» personal identification (e.g., driver’s
license);

« compass or Global Positioning System
receiver; and

¢ information sheet with safety
mstructions, site location information,
and mambers to call in emergencies
(heavily laminated or printed on
waterproof “write in rain” paper, if
possible).

Clothing

¢ boots or waders;
* hat;

o foul/cold weather gear;
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extra pair of socks;
sweater or other warm clothing;
all-weather footwear; and

bright-colored snag- and thorn-resistant
clothes (long sleeves and pants are best).

Sampling Gear

sampling equipment—properly calibrated
and checked for accuracy—appropriate
for the parameter(s) being measured (mav
mclude meters, test kits, efc.);

water sampler (see “How to Collect
Samples™ m this chapter);

sample containers;
sufficient supply of reagents;

mstruction manual(s) for operating
sampling equipment;

ficld data sheets (printed on waterproof
“write in rain” paper, if possible);

clipboard, preferably with plastic cover;

several pencils (ink runs when it gets wet;
soft pencils will write on damp surfaces);

black mdelible ink pens and markers;

map or photograph of sampling
location(s);

compass or global positioning system to
help find sampling location(s);

tide chart;
cooler and ice (blue ice pack preferably);
tape measure,

armored thermometer (non-mercury
preferred):

wash bottles with distilled or deionized
water for rinsing equipment;

containers for waste materials (e.g., used
reagents );

camera and film, to document particular
conditions;
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e cxtra rope/line;

e duct tape, electrical tape, zip ties, sealable
plastic bags, and other items for quick
repair and modification of equipment;
and

« walking stick of known length for
balance, probing, and measuring,.

If monitoring from a boat, volunteers should
bring the following additional equipment:

e one U.S. Coast Guard-approved personal
flotation device for each person aboard (it
1s recommended that you wear a life
jacket at all times);

e cquipment required by state and local law
(vour state boating administration will
have a list, which usually includes such
items as a fire extinguisher and bell);

¢ anchor;
+ weighted line to measure depth; and

« nautical chart of area.

Locating Monitoring Sites,

Fiag Pole Once sites are selected, the manager

should mark the sites on a topographic
map or navigational chart. A written
description of the sites should be
developed, using landmarks
or latitude and longitude
coordinates (Stancioff,
1996). Photographs
of the sites can
also be useful to
volunteers.

The manager
may also want to
create a map
showing the
location of

Figure 7-1. The shoreline landmark method. volunteers” homes

Helpful Hint

Personal journals kept by volunteers can be
valuable supplements to the information
recorded on data sheets. Volunteer notes on
field observations and sampling activities can
give feedback on sampling methods, aid data
interpretation, and provide a useful historic
record to accompany the data. In addition,
their insights can help future volunteers
understand specific nuances of their
monitoring sites.

The tools, equipment, instruments, and
forms that you take into the field will often
depend on where you are monitoring, your
monitoring techniques, and the parameters
you are measuring. Additional equipment
needed for specific chemical, physical, and
biological monitoring procedures included in
this manual are provided in the relevant
chapters. H

or How Do | Get There from Here?

if the program relies on citizens sampling from
their own dock or pier. This map will illustrate
which areas of the estuary still need coverage
and where sites may be too tightly clustered.

Returning to the Same Monitoring Sites

Once the program manager and volunteers
have chosen monitoring sites, quality control
demands that cach volunteer sample from
exactly the same location each time. If the site
is off the end of a dock or pier, returning to
the monitoring site is a simple matter. If,
however, the volunteer reaches the site by
boat, the task becomes more complicated.
Some basic methods to ensure that volunteers
return to the same site are:
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The Shoreline Landmark Method

Landmarks—conspicuous natural or
manmade objects—provide a ready means of
identifying a specific monitoring site. Once
the program manager and volunteer have
identified a permanent site, they should
anchor the boat and scan the landscape for
distinctive features. Such features can include
tall or solitary trees, large rocks, water towers,
flag poles, or any other highly visible and
identifiable object.

Two landmarks, in front-to-back alignment,
should be chosen. The sight line created by
the landmarks will lead directly back to the
site. The volunteer should then pick another
set of aligned landmarks onshore about 90
degrees from the sight line of the first set. The
two sight or bearing lines should intersect at
the boat (Figure 7-1). The volunteer should
practice repositioning the boat at this point.

In some cases, volunteers must return to
monitoring sites on a coastal pond, sound, or
lagoon located in the middle of a salt marsh or
i some other rather featureless landscape. If
no obvious landmarks are available,
volunteers may want to post two sets of
brightly colored signal flags (Figure 7-2).
They should obtain permission from the
landowner before posting the flags.

The Marker Buoy Method

In wind- and wave-protected sections of an
estuary, volunteers may want to set buoys to
mark the monitoring site (Figure 7-3). The
buoy should be brightly colored and easily
distinguishable from fishing buoys floating in
the area. The program manager should check
on local and state regulations regarding buoy
placement before using this method.

Although a simple means of marking a site,
buoys do not always stay in place; wind,
waves, and passersby may move the buoy or
remove it entirely. Volunteers should use the
shoreline landmark method as a backup to
ensure that the buoy is correctly positioned.

Tacks

Global Positioning System (GPS)

In many cases, the lack of a
definitive landmark (e.g., a pier,
outfall pipe, or marker buoy) can
hinder volunteers from reaching
the right sampling location. In
addition, monitoring groups using
certain data management systems
(e.g., Geographic Information
Systems; see Chapter 8) may need
to report specific geographic
locations, often by latitude and
longitude. In such cases, reporting
a location as “across the street
from the firchouse™ is
unacceptable.

While latitude and longitude
can be estimated from a U.S.
Geological Survey topographic
map, volunteers might still be
guessing about their exact
position. The most accurate
method for determining position is using a
Global Positioning System (GPS) receiver.
This tool helps to ensure that the volunteer is
collecting samples at the same location time
after time. As a result,
quality control is
maintained.

GPS uses a network of
satellites to provide users
with, among other things,
data about their positions
on Earth. With relative
ease, users can locate their
latitude, longitude, and
clevation (although
clevation is usually less
accurate). The volunteer
must be sure to minimize
the blocking of satellite
transmissions by holding
the receiver away from the
body. Buildings or trees
can also cause
mterference.

Orange or red
flag with edge

-
Notches ~
" rolled

Heavy
Stones

Wire wrapped
around log
Finishing Nail

=] ) Hole in pole hase

Wooden stake

Figure 7-2. Construction of a landmark
flag (adapted from Compton, 1962).

Figure 7-3. The marker buoy. This instrument
may be used to identify monitoring sites in
sheltered areas of the estuary.
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A variety of GPS receivers exist. Generally,
as a receiver’s accuracy increases, so does its
cost. For example, a GPS unit with a
differential antenna can be very accurate, but
it tends to be more expensive than a unit
without the antenna.

Helpful Hint

Accurate GPS receivers can be expensive,
but volunteer groups do not always have to
buy them. Some government agencies loan
them out and some GPS receivers can be
donated. A monitoring group may be able
to borrow a receiver to help pinpoint a
sampling location. Once at the location,
they can place a marker to ensure that they
can easily return to the site.

Making Field Observations: Visual Assessments

Usually, taking a water sample to obtain a
water quality variable concentration is not
enough; in fact, it is only part of what is
needed. Once at the monitoring location,
volunteers should take a visual assessment,
which is simply observing and recording the
environmental conditions at the site.
Volunteers should always be on the lookout
for environmental clues that might help
explain the data. A visual assessment of the
monitoring site can provide invaluable
mformation and make interpretation of other
data easier and more meaningful. For
example, if dead fish are floating at the water
surface, they may signal a sudden drop in
dissolved oxygen (DO) levels, the influx of
some toxic substance, or disease or infestation
of the fish. Unusual visual data are like bait;
they should lure you in for further
mvestigation.

The most value 1s gained when volunteers
assess the same area each time they collect
samples. In this way, the volunteers will
become the local experts—growing familiar
with baseline estuary conditions and land and
water uses, and being better able to identify
changes over time (USEPA, 1997).

When making a visual assessment of the
site, look for and record information about:
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Potential Pollution Sources

Several programs have started shoreline or
watershed assessment projects to characterize
land uses and land use changes around an
estuary. An assessment can quantify the amount
of—and changes in—residential, industrial,
urban, agricultural, and forested arcas within a
watershed. A broader-scope project could
further map the location of construction sites,
marinas, industrial and municipal discharges,
stormwater discharge points, landfills,
agricultural feedlots, and any other potential
pollution sources to the estuary.

Such an undertaking also provides the
program leaders with information that may
prove useful in selecting additional monitoring
sites.

Indicators of Pollution

Water pollution may not be visually apparent,
so other clues can serve as warning of possible
contamination. Lesions on fish, for example,
suggest the possible presence of toxic
contaminants. Surface foam and scum
downstream from a plant’s discharge could be
cause for concern. Although the discharge could
lic within legal limits, a citizen group may want
to investigate the situation further. Other
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pollutant indicators include large numbers of
dead fish or other animals, rust-colored oozes,
large quantities of floatable debris, and highly
turbid water.

Record all unusual conditions on a data
sheet. Descriptive notes should be as detailed
as possible. Volunteers should bring such
conditions to the attention of the program
leaders so that they can report them to the
appropriate authority, if warranted.
Monitoring groups which function as
watchdogs may want to follow up with an
mvestigation of their own.

Living Resources

A simple assessment of the quantity and
type of living resources can round out the set
of data taken at one site. Numbers of
waterfowl, schools of fish, presence or
absence of submerged aquatic vegetation
beds, change in shoreline vegetation, and
other information relate directly to the area’s
water quality. Fish kills or widespread
shellfish bed die-offs may indicate episodes of
mtolerable water quality conditions. The
presence of birds, pets, sea lions, and cattle
may help explain high bacteria
concentrations.

Remember, however, that the presence or
absence of a living resource does not
definitively speak to the estuary’s water
quality. Many animals are migratory and will
not be seen at certain times of the year. Others
may remain year-round, but become inactive
at times and are difficult to find.

Color

We tend to think of pure water as blue, yet
few waterbodies north of the sub-tropics fit
this description. Clean water may have a color
depending upon the water source and its
content of dissolved and suspended materials.
Plankton, plant pigments, metallic ions, and
pollutants can all color water (Table 7-1).
Even the color of the substrate can cause the
water to take on an apparent color. To assess

Table 7-1. Water colors and their possible causes.

Apparent Color Possible Reason
Peacock blue Light-colored
substrate
Green Phytoplankton
Yellow/Brown Peat, dissolved
organics
Red/Yellow/Mahogany | Algae,
dinoflagellates
Myriad colors Soil erosion
Rainbow Oil slick

color, use one of the established color scales
such as the Borger Color System or the Forel-
Ule Color Scale from scientific supply
houses.

Oil Slicks

Oil slicks are easily recognized by their
iridescent sheen and often noxious odor. Oil
may indicate anything from a worrisome oil
spill to bilge water pumped from a nearby
boat. Estimate the size of the slick, if
possible, and report any spill to local
authorities or the U.S. Coast Guard’s National
Response Center (1-800-424-8802).

Weather Conditions

The weather, recorded at the time of
sampling and for several days beforehand,
helps in the interpretation of other data.

Water Surface Conditions

Whether calm, rippled, or with waves and
whitecaps, surface water conditions indicate
how much mixing is occurring in the top layer
of the estuary. When the surface is placid,
very little wind-induced mixing occurs.

Waves whipped up by wind, however,
indicate substantial mixing and the
mtroduction of oxygen to the water. This
mformation may be especially helpful in
mterpreting dissolved oxygen data.

Volunteer Estuary Monitoring: A Methods Manual

Chapter 7: In the Field



Chapter 7: In the Field

A
T
i i

Ice

Ice cover can affect dissolved oxygen levels
in the water by limiting the interaction of
water with the atmosphere. In addition, ice in
shallow arcas may damage submerged aquatic
plants and temporarily deprive estuarine
animals and waterfowl of their habitat.

Helpful Field Measurements

Volunteer monitoring programs should
consider including several other parameters in
their suite of regular measurements. Most are
simple to carry out and provide additional
background information helpful in the final
analysis of an estuary’s status. These
parameters include:

Air Temperature

Air temperature can be measured with the
same meter or thermometer used for reading
water temperature. Prior to placing the
mstrument in the water sample, allow the
thermometer to equilibrate with the
surrounding air temperature for three to five
minutes; a wet thermometer will give an
erroneous air temperature reading. Make sure
the thermometer is out of direct sunlight to
avoid a false high reading.

Figure 7-4. Rain gauge placement (adapted from Campbell and Wildberger, 1992).

Erosion

Evidence of recent erosion, such as a
steeply cut bank, may indicate recent storm
activity or substantial wakes from boats. In
either case, highly turbid water may
accompany the erosion. H

Odor

Though quite subjective, water odor can
reveal water quality problems that may not be
visually apparent. Industrial and municipal
effluents, rotting organic matter and
phytoplankton blooms, and bacteria can all
produce distinctive odors. Raw sewage, for
example, has an unmistakable aroma. Make
note of the odor in the data record and
describe the smell.

Precipitation

Precipitation data help the program manager
determine the possible causes of turbidity and
erosion. Turbidity, for instance, generally rises
during and after a rainstorm due to soil runoff.
A wind storm (without precipitation), on the
other hand, might cause turbidity due to
bottom mixing. Precipitation also may help
explain why nutrient concentrations rise (with
rain) or decline (with little rain).

Be sure to place the rain gauge in an open
arca away from interference from overhead
obstructions and post it more than one meter
above the ground (Figure 7-4). Check the
gauge each morning, record the amount of
precipitation and the time of measurement,
then empty the gauge. If the gauge sits after a
rainfall, evaporation can falsify the
measurement.
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Tides

Programs studying highly stratified
estuaries or estuaries with tidal ranges over a
few feet may want to measure tidal stage.
Tides of sufficient magnitude are effective
mixers of estuarine waters and may break
down stratification. Even if tidal stage data

How to Collect Samples

Units 1-3 in this manual specify sampling
and equipment procedures for different
chemical, physical, and biological water
quality parameters. There are, however,
several general tasks that apply whenever
water samples are collected. As always,
program managers should consult with their
laboratory or their sampling equipment
mstructions for exact requirements.

Before Leaving Home: Preparation of
Sampling Containers

Reused sample containers and glassware
must be cleaned and rinsed before and after
samples are taken. When preparing sampling
containers for most chemical and physical
water quality parameters, follow these steps:

1. Wear latex or rubber gloves.

2. Wash each sample bottle or piece of
glassware with a brush and phosphate-
free detergent.

3. Rinse three times with cold tap water.

4. (This step 1s only for sample containers
and glassware used to monitor nitrogen
and phosphorus.) Rinse with 10 percent
hydrochloric acid.

5. Rinse three times with deionized water.

Equipment used for bacteria sampling must
be sterilized in an autoclave, which may
require the assistance of a certified lab.

Chapter 7: In the Field

are not included at the beginning of the
sampling effort, the National Oceanic and
Atmospheric Administration (NOAA)
publishes tide tables for most of the U.S., and
this information can be obtained and applied
after the fact if the monitoring station is
reasonably close to one of the published tide
table sites. B

In the Field: Sample Collection

There are several different water collection
devices available today. They can be used for
most water quality analyses in the field or
laboratory.

Surface Samples

Screw-cap bottles and Whirl-pak bags
(Figure 7-5) are among the most popular tools
for collecting water samples near the surface.
The following steps should generally be taken
(USEPA, 1997):

» Screw-Cap Bottle

1. Using a waterproof pen, label the bottle
with the site number, date, and time.

2. Unscrew the bottle cap immediately
prior to sampling. Avoid touching the
mside of the bottle, its lip, or the cap. If
you accidentally touch either, use
another one.

3. Wading:

Try to disturb as little bottom sediment
as possible and take care not to collect
water that has sediment from bottom
disturbance. Stand facing against the
current or tide (if it can be detected).
Collect the sample against the current,
in front of you (Figure 7-6). You may
also tape your bottle to an extension
pole to sample from deeper water.
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Boat:
_____________________  — Feroration Carefully reach over the side;
[ J«— wire Tab collect the water sample on

the upcurrent side of the boat.

. Hold the bottle near its base
and plunge it (opening
downward) below the water
surface (Figure 7-6). If you
are using an extension pole,
remove the cap, turn the
bottle upside down, and
plunge it into the water,
against the current or tide.
Collect the water sample 8-12
inches below the water
surface whenever possible.

5. Turn the bottle into the current and
away from you. In slow-moving waters,
push the bottle underneath the surface
and away from you against the current
or tide.

. Leave a 1-inch air space (except for
dissolved oxygen and biochemical
oxygen demand samples), so that the
bottle can be shaken just before

EU'\\PuII Tab

Figure 7-5. Whirl-pak bag. Volunteers can
be easily trained to collect water samples
with these factory-sealed, disposable bags.
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Figure 7-6. Taking a water sample. Turn the container into the current or tide and
scoop in an upcurrent direction (redrawn from USEPA, 1997).
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analysis. Recap the bottle carefully,
remembering not to touch the inside of
the bottle or its lip.

. Fill in the bottle number and/or site num-

ber on the appropriate field data sheet.

If the samples are to be analyzed in the
lab, place them in the cooler for transport
to the lab.

» Whirl-pak Bag

L.

2.

Using a waterproof pen, label the bag with
the site number, date, and time.

Tear off the top of the bag along the perfo-
ration above the wire tab just prior to sam-
pling (Figure 7-3). Avoid touching the
inside of the bag. If you accidentally touch
the inside of the bag, use another one.

. Wading:

Try to disturb as little bottom sediment as
possible. In any case, be careful not to col-
lect water that contains sediment. Stand
facing against the current or tide. Collect
the water sample in front of you.

Boat:

Carefully reach over the side; collect the
water sample on the upcurrent side of the
boat.

4. Hold the two white pull tabs in each hand

and lower the bag into the water with the
opening facing against the current. Open
the bag midway between the surface and
the bottom by pulling the white pull tabs.
The bag should begin to fill with water.
You may need to “scoop” water into the
bag by drawing it through the water
against the current and away from you.
Fill the bag no more than 3/4 full.

5. Lift the bag out of the water, pouring out

excess sample. Pull on the wire tabs to
close the bag. Continue holding the wire
tabs and flip the bag over several times
away from you to quickly seal the bag.
Fold the ends of the wire tabs together at
the top of the bag, being careful not to
puncture the bag. Twist them together,
forming a loop.
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6. Fill in the bag number and/or site number
on the appropriate field data sheet.

7. If the samples are to be analyzed in the
lab, place them in the cooler for transport
to the lab.

Samples at Depth

To accommodate at-depth measurements,
equipment supply companies produce several
types of water samplers designed to collect
water at specific depths through the water
column.

Two of the most commonly used samplers in
citizen monitoring programs are the Van Dorn
and Kemmerer samplers (Figure 7-7). Both
samplers have an open cylinder with stoppers at
both ends. A calibrated line attaches to the
device and allows the volunteer to lower the
unit into the water to a precise depth.

After lowering the unit into the water to the
proper depth, the volunteer then releases a
“messenger’”—or weight—down the line. When
the messenger hits the sampler, it trips a releas-
g mechanism and two stoppers seal off the
ends of the tube.

The Data Form

In several places in this chapter and
throughout the manual, the importance of
volunteers completing the data form or data
sheet 1s expressed. The forms, when properly
filled out, provide a set of standardized data
useful to both managers and scientists.
Volunteer program leaders are responsible for
continuously emphasizing that properly
completed data forms are essential to data
quality. Rarely can a data manager feel
comfortable asking a volunteer about details
from the previous week’s sampling exercise;
relying on memory is risky.
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If sampling routinely takes place from a
bridge, the manager should nstall a lighter
weight messenger on the sampler. Be
warned, however, that repeated use of the
standard messenger from such heights will
eventually damage the unit.

The volunteer should pull the sampler to
the surface and transfer the collected water
mto a sample bottle or—depending on the
parameter to be measured—a Whirl-pak
bag. Pouring the water from one container
to another can aerate the sample, thereby
biasing some results (e.g., for dissolved
oxygen). To avoid aeration, the volunteer
should transfer the water using a rubber
hose with an attached push valve. With the
end of the hose at the bottom of the empty
sample container, the volunteer should fill
the bottle to overflowing.

Van Dorn and Kemmerer samplers, their
derivations, and samplers designed for
particular water quality parameters (e.g.,
dissolved oxygen) are available from
equipment suppliers (Appendix C). Several
volunteer groups have also constructed
their own samplers. B

Van Dorn
Water Sampler

™~

Kemmerer
Water Sampler

Figure 7-7. Two common
water samplers: Kemmerer
and Van Dorn (from APHA
etal., 1998).

Data forms should be casy to
use and have space for water
quality data and all information
necessary to analyze, present,
and manage the data. Sample
data forms are provided in
Appendix A. As a backup to the
data form, some volunteers may
wish to bring a tape recorder
mto the field to record
observations.

While data users and the
database manager should be

Volunteers collecting bacteria samples
using an extension pole (photo by Weeks
Bay Watershed Project).
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mvolved in the development of the One way to better ensure that volunteers
data collection form, consideration complete the data forms correctly and
should also be given to the ease with completely is to involve them in the forms’
which volunteers can fill out and development. Periodic reviews of the forms
understand the form (USEPA, 1990). If should also be conducted. As volunteers gain
the information is not important to the experience with the forms and monitoring
project, it should not be asked for on sites, they can provide excellent suggestions
the data form. for improving the data forms. B

Velunteers collecting a water
sample from a dock using a
dissolved oxygen sampler
(photo by K. Register).
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Chapter 8: Data Management, Interpretation, and Presentation

Overview

Volunteer estuary monitoring objectives differ from one program to the next.
Meeting those objectives, however, usually requires similar steps. Regardless of
whether a volunteer program wants to use its data for citizen education or resource
management, the program must make its data understandable to its audience.
Many goals will be unmet if the volunteer program cannot clearly convey what its

data say about the estuary.

Data are like letters of the alphabet: taken individually, they reveal very little. Put
together with a little thought and organization, however, those same letters can tell a
complete story. By highlighting data management, interpretation, and presentation,

this chapter shows how data can be used to tell a story about your estuary.

8-1
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Figure 8-1. Steps
necessary to prepare
data for presentation.
Data tell a story about
the estuary.

Data
Collection

Data Data Analysis/ Data
Management

After Data Collection: What Does It Mean?

Consider this situation: You have the
monitoring equipment. Volunteers are in the
field collecting data. Enthusiasm is high.
Everything is going smoothly and it’s time to
relax.

But is it really?

As difficult as it may be to accept, the
aforementioned situation means one thing:
there 1s much more work to be done. What
will you do with the incoming data? As
discussed in previous chapters, monitoring
organizations should know the answer to this
question before they collect their first sample.
These decisions are made, in part, based on
the needs of potential data users, who are
particularly concerned about:

e databases and software used to manage
the data;

e procedures followed in order to verify
and check the raw volunteer data;

Data Management

As discussed in previous chapters, data
sheets should not only be easy for volunteers
to complete, but should also record all desired
mformation about the estuary and the
sampling sessions. The volunteer leader
cannot overemphasize to volunteers the
importance of careful and accurate data
recording. Incomplete or inaccurate data
sheets can cause serious problems when it

Interpretation Presentation

« analytical procedures employed to
convert the raw data into findings and
conclusions; and

e reporting formats.

Knowing how the data will be used should
drive the development and everyday
management of a volunteer monitoring
program.

Most programs intend to use their data to
tell a story about the estuary’s health.
Similarly, most volunteers who collect the data
want to know what their information reveals
about the estuary. Without communicating that
data in a meaningful way to your intended
audience, the hard work of many volunteers
and volunteer leaders could be wasted. To take
imformation from data sheets and convert it to
something that makes sense to your audience
requires several clements, which are
summarized in Figure 8-1 and described in the
remainder of this chapter. B

comes time to interpret the data. Such prob-
lems can damage your program’s credibility
and/or render the data useless, making all
worthwhile efforts futile.

Data management is everyone’s respon-
sibility. The commitment by volunteers to
collect high quality data must be matched by
the program’s commitment to make the
mformation understandable to its volunteers
and other data users. From the very carly
stages of planning a volunteer monitoring
program, a sound data management plan must
be a priority. It should be clear how the data
will be processed, when it will be processed
and reported, and who will be responsible for
cach task. An attitude of “Let’s just get the
data now and figure out what to do with it
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later” can lead to wasted time and effort and a
huge data backlog.

Where Does the Data Go?

It 1s difficult to get any meaning from boxes
full of data sheets. The information collected
by volunteers needs to be organized and
readily accessible. Years ago, this may have
meant that the data might be organized in
handwritten tables. This method 1s still an
option, but a computerized data management
system provides a great deal of advantages,
especially if the data collection effort is
conducted at many sites and/or over a long
time period (Lease, 1995).

Database or Spreadsheet?

Today’s computer software includes a
variety of spreadsheet and database packages
that allow you to organize the data and
perform statistical analyses. These options
make it easier to detect relationships between
data points. Spreadsheets are adequate for
most data management needs and have the
advantage of being relatively simple to use.
Most spreadsheet packages have graphics
capabilities that will allow you to plot your
data onto a graph of your choice (i.c., bar,
line, or pie chart). Examples of common
spreadsheet software packages are Lotus
1-2-3, Excel, and Quattro Pro.

Database software may be more difficult to
master and usually lack the graphics
capabilities of spreadsheet software. If you
manage large amounts of data, however,
having a database 1s almost a necessity. It can
store and manipulate very large data sets
without sacrificing speed. The database can
also relate records in one file to records in
another. This feature allows you to break your
data up into smaller, more easily managed
files that can work together as though they
were one.

The ability to query data is one of the most
significant advantages of using a database.
For example, the user can search for records
that show water temperature exceeding X

degrees over a specified time period, or
identify monitoring sites that have dissolved
oxygen levels between X and Y and the dates
of those observations. The questions can be
simple or quite complex and the answers or
output can be organized in a variety of ways.

If you use a database for data storage and
retrieval, you may still want to use a
spreadsheet or other program with graphics
capabilities. Many spreadsheet and database
software packages are compatible and will
allow you to transport data sets back and forth
with relative ease. Specific parts of the
database (such as results for a particular water
quality variable from all stations and all
sampling events) can then be transported into
the spreadsheet, statistically analyzed, and
graphically displayed. Examples of popular
database software packages are dBase,
Access, FileMaker Pro, and FoxPro.

Designing a Data Management System

Many people are capable of writing their
own programs to manipulate and display data.
The disadvantage of using a “homegrown”
software program, however, is that if its
author leaves the monitoring program, so too
does all knowledge about how the program
works. Commercial software, on the other
hand, comes with consumer services that
provide over-the-phone help and instructions,
users’ guides, replacement guarantees, and
updates as the company improves its product.
Most commercial programs are developed to
mmport and export data in standard formats.
This feature 1s important because if you want
to share data with other programs or
organizations, all you need are compatible
software programs. However, some file
conversions may be more difficult than
advertised by the software manufacturer. To
avoid potential problems, consult with any
groups, government agencics, or laboratories
with whom you plan to share data and ensure
that your software packages are compatible
(Lease, 1995).

Volunteer Estuary Monitoring: A Methods Manual

Chapter 8: Data Management, Interpretation, and Presentation



Chapter 8: Data Management, Interpretation, and Presentation

Shared Databases

Greater efforts are being made to develop data storage systems that facilitate data exchange
among different monitoring groups. A shared database serves to assimilate all the data being
collected in a particular region and therefore helps to increase understanding of environmental
conditions. Volunteer organizations are increasingly being encouraged to submit their data to
these shared databases.

To participate in a shared database, the volunteer organization usually must have a quality
assurance project plan (see Chapter 5) that meets the requirements of the group maintaining
the shared database. Using software programs that are compatible with the shared database
may also be necessary.

Shared databases may be developed for a specific resource (e.g., a river) or as a general
clearinghouse of information. One example of a broad database is the U.S. Environmental
Protection Agency’s (EPA’s) national water and biological data storage and retricval system,
called STORET. With STORET, volunteer programs can submit data to a centralized file
server which permits national data analyses and through which data can be shared among
organizations. A specific set of quality control measures is required for any data entered into
the system. For more information, see the EPA Web page at www.epa.gov/owow/STORET/.

Data sharing also occurs at the state level. For example, the Oregon Department of
Environmental Quality (DEQ) will accept data from volunteers and load it into an in-house
monitoring database, the Laboratory Analytical Storage and Retrieval (LASAR). These data
are then periodically uploaded to the STORET system. The Department has established a
Required Data Elements Policy to enhance the widest use of data collected in Oregon. Visit
the DEQ Web site for contact information and a copy of the policy:
http://www.deq.state.or.us/wq/.

When designing databases or spreadsheets,
always keep in mind what you will ultimately
do with the data. Will you produce graphs or
reports? Will you need to show a map with
key data collection sites? Try to design your
data management system in a manner that will

Helpful Hint

Ease of data entry is always an important
element to consider. Here are some
suggestions:

» Design the database or spreadsheet

make it easy to generate your final product.

Another consideration is who will input the
data and create the final products. As more
people, and especially volunteers, are
mvolved in data entry and management, more
emphasis should be placed on making the
system easy to use.

before you collect any data—this will
help in the creation of your data sheets.

Ideally, the database or spreadsheet
input screen and the field data sheets
used by volunteer monitors should look
alike.

Design the database or spreadsheet in
such a way that it is readily apparent
where data should be entered. Data cells
can be highlighted with a special color,
for example.
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Coding Systems

Any data management system should be
flexible enough to meet future needs,
especially as data start to accumulate. An
casily understood coding system will help
simplify the tracking and recording of data.
Codes developed for sample sites, parameters,
and other information on field and lab sheets
should parallel the codes you use in your
database. If you will be sharing your
mformation with a state or local natural
resource agency, you may want your coding
system to match or complement the agency’s
system.

Sample Sites

Because sample sites tend to change or grow
m number over time, it is important to have an
accommodating site numbering system. A good
convention to follow is to use a site coding
system that includes an abbreviation of the
waterbody or project plus a site number (e.g.,
GORO21 for a site on the Gooms River). By
using a site abbreviation and three-digit code,
999 sites can be created for each project, which
is plenty for most volunteer programs.

Water Quality Parameters

It is also important to develop a coding
system for each of the water quality parameters
you are testing. These are the codes you will
use in the database or spreadshect to identify
and extract results. To keep the amount of
clerical work to a minimum, abbreviate without
losing the ability to distinguish parameters from
one another. For example, EC could represent
E. coli bacteria and FC could be the code for
fecal coliform bacteria.

Reviewing Data Sheets

Writers have editors to look for mistakes in
grammar, punctuation, etc. Similarly,
someone should be available to review
volunteers” data sheets. Even the best
professionals and volunteers can make data

recording mistakes; misplaced decimal points,
forgotten calculations, or data values
accidentally left blank are entirely possible.

The program coordinator or designated data
analyst should screen and review the field
data sheets immediately as they are received
and before the data are entered into the
database or spreadsheet. Waiting to review the
data sheets for discrepancies is not advised;
the longer you wait, the more likely it is that
the person who collected the data will forget
mmportant details about the sampling effort
that could clarify any inconsistencies.

When reviewing the data sheets, the
program coordinator or other designated
person should ask the following;:

e Are the field data sheets complete?

If a person is consistently leaving a section
of the sheet incomplete, ask why. You may
learn that he or she is unclear about a
monitoring procedure or has misunderstood
some instructions.

e Are the monitoring results very different
from what might usually be expected for the
site? If unexpected, are they still within the
realm of possibility?

For example, can the kit or technique used
actually produce the reported results? Does
the monitor offer any possible explanations
for the results (e.g., a sewage treatment plant
malfunction had been recently reported)? Is
there additional corollary information that
supports the data (e.g., a fish kill has been
observed along with the extremely low
dissolved oxygen readings)?

Also check for consistency between similar
parameters. For example, total solids and
turbidity should track together—if one goes
up, so should the other.

e Are there outliers—findings that differ radically
from past data or other data from similar sites?

Values that are off by a factor of 10 or 100
should be questioned. Follow up on any data
that seem suspect. If you cannot explain why
the results are so unusual, but they are still
within the realm of possibility, you may want to
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flag the data as questionable. Ask an
experienced volunteer or program staff member
to sample at that site as a backup until
uncertainties are resolved, or work to verify that
proper sampling and analytical protocols are
being followed. Besides suggesting human
error, monitoring results that are radically
different than usual can indicate a problem with
the monitoring technique or a new and serious
problem at the monitoring site.

e Are all measurements reported in the
correct units?

Minimize the chance for error by including
on the data form itself any equations needed to
convert measurements and specify on the form
what units should be used. Check the math,
making sure that the monitor has followed the
program’s rules for rounding numbers and
reporting the appropriate number of decimal
places. A value of zero should not be reported,
mstead, report the value as less than the lowest
value that can be read with the equipment
(Miller, 1995). For example, if the range of a
test 1s 0-1 mg/l, the smallest increment is 0.01
mg/l, and the test result is zero, report the value
as “less than 0.01 mg/l” or “<0.01 mg/1.”

All field data sheets should be kept on file
in the event that findings are brought into
question at a later date and to serve as backup
in case the computer-entered data are lost.

Helpful Hint

Reviewing data sheets doesn’t only make
you aware of recording mistakes, but it can
also alert you to problems with your test
procedures. Ideally, results for a particular
test procedure should fall within the middle
range of the test. For example, if a test
range is 0-100 mg/l, most values should fall
somewhere in the middle. If your volunteers
are reporting many values of less than 10
mg/l, the precision for that test will not be
very good. You may need to switch to a
method having a range of 0-10 mg/l.

(Excerpted and adapted from Miller, 1995.)

Double-Checking Data Entry

Just as mistakes can be made recording data
on paper, errors can also be made entering
data into a computerized database or
spreadsheet. This possibility requires that the
data be printed and proofread against the
original field data sheets. Preferably, someone
other than the person who entered the data
should serve as proofreader.

As a further check, you can make some
simple calculations to ensure that no errors
have slipped through. For example, if the
median and the mean are very different, an
outlier may be skewing the results. If you find
an outlier, check for calculation or data entry
errors. If the unusual data points cannot be
explained by backup information on the field
data sheets or the comment field in the
database, flag the data as questionable until
they can be verified.

Your database or spreadsheet can also be
designed to minimize common data entry
errors. One way to reduce error is to restrict
acceptable input possibilities to those that are
within the realistic range of values for a
particular water quality variable. For example,
the data program can be made to reject pH
data values greater than 14, since such values
are not possible. H

Helpful Hint

It is always a good idea to make backups of
any electronic database or spreadsheet.
Duplicate files should be made on disk or
tape and stored at another site, if possible.
To further protect your data from some
unfortunate disaster, print and store
hardcopies of all data sets and keep the
original data sheets.

(Excerpted and adapted from Sayce, 1999.)
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Data Interpretation

While computers are quite helpful in
organizing data, deciphering the story behind
these facts remains a human job. The overall
purpose of data interpretation is to get
answers to your study design questions—the
same questions that originally provoked you
to start your monitoring program.

As an example, imagine that you want to
determine where water quality criteria are not
being met in the estuary. To do this, you must
first develop preliminary findings, or objec-
tive observations about your data (Dates,
1995). By looking at the data, for example,
you might be able to identify:

e variables that failed to meet water
quality criteria;

e monitoring sites that regularly failed to
meet the criteria;

e dates on which most or all of the sites
did not meet the criteria, and the
environmental conditions (e.g., weather,
flow) on those dates;

e sites upstream and downstream of a
suspected pollution source that show
different monitoring results; and

e changes in one water quality variable
that coincide with changes in another.

Your findings will help you look more
critically at the data. With the facts in hand,
you might naturally want to figure out why
the data are what they are, especially if your
findings reveal that water quality criteria are
not met in certain arcas. This will require
more effort, but is certainly worthwhile: once
reasons for poor water quality are found,
solutions can be developed.

Ask vourself questions to help you decide
whether human alterations, natural conditions,
and/or data collection processing mistakes
might explain your results.

¢ Could weather influence vour results
(e.g., do problem levels coincide with
mtense rainstorms)?

Do specific sources explain your results
(e.g., can increased bacteria levels be
attributed to a wastewater treatment
plant, failing septic system, or a large
population of waterfowl or domesticated
animals)?

Do changes in one of your indicators
appear to explain changes in another?
For example, high temperatures (caused
by a thermal discharge or a heat wave)
might explain low oxygen levels.

Do your visual observations explain any
of your results? Did your samplers
report any strange pipes, construction
activity, flocks of birds, or dry weather
discharges from storm drain pipes?

For multiple years of data, are there
overall trends? For example, did the
submerged aquatic vegetation (SAV)
community improve or deteriorate over
time? The former could be explained by
improved pollution control; the latter, by
new pollution sources.

If you are monitoring the impact of a
pollution source (e.g., a wastewater
treatment plant), are there other
upstream impacts that might be
mfluencing and confusing your results?
For example, if a dairy farm 1s located
mmmediately upstream from the
wastewater treatment plant that you are
monitoring, it might be difficult to
figure out which source is causing the
water quality problems revealed by your
data. Alternatively, it could be difficult
to determine how the two sources
combine to cause the problems.

Could unusual or unexpected data be
attributed to contaminated samples or
human sampling error?

Did the time of sampling affect your
results? For example, dissolved oxygen
levels are generally lowest in the early
morning hours. Sampling for dissolved
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Figure 8-2. Graphic
representation of the
mean. The mean is
located at the peak of a
normal or bell-shaped
distribution curve.

oxygen in the afternoon could overlook
the estuary’s worst-case conditions.

¢ Could the water quality variable occur
mn several places throughout the
ecosystem? For example, if you found
low levels of phosphorus in the water
column, there might be high levels in
bottom sediments or plants. Algae
blooms are evidence of nutrient
enrichment that may not be apparent in
water samples.

Helpful Hint

Comparing older photos with more recent
ones from the same location can help
volunteers understand changing land uses
and perhaps help you interpret water quality
changes.

Summary Statistics

Summary statistics describe the basic
attributes of a set of data for a given
parameter. There are many different types of
statistics that can be used. Program leaders
should consult a standard statistics manual,
their data users, and their quality

Frequency

Frequency

Mean

assurance project plan to
determine which statistical
methods are most appropriate
for their data. Two of the most
frequently used descriptors of
environmental data are the
mean and standard deviation.
They are briefly described here.

Value

Mean

=- Textbook statistics commonly
assume that if a parameter is
measured many times under the
same conditions, then the
measurement values will be
randomly distributed around the
average with more values
clustering near the average than
further away. In this ideal
situation, a graph of the

Value

frequency of each measure
plotted against its magnitude

should yield a bell-shaped or normal curve.
The mean and the standard deviation
determine the height and breadth of this
curve, respectively (Figures 8-2 and 8-3).

The mean is simply the sum of all the
measurement values divided by the number of
measurements. Commonly referred to as the
“average,” this statistic marks the highest point
at the center of a normal curve (Figure 8-2).

The standard deviation, on the other hand,
describes the variability of the data points
around the mean. Very similar measurement
values will have a small standard deviation,
while widely scattered data will have a much
larger standard deviation (Figure 8-3). A high
standard deviation indicates imprecise data
(see Chapter 5 for a discussion of precision
and an equation for calculating standard
deviation).

While both the mean and the standard
deviation are quite useful in describing
estuarine data, often the actual measures do
not fit a normal distribution. Other statistics
sometimes come into play to describe the
data. Some data are skewed in one direction
or the other, while others might produce a
flattened bell shape (Figure 8-4).

Deviation from the normal distribution
often occurs in estuary sampling because the
estuary 1s dynamic, with many factors
influencing the condition of its waters. The
various methods used to collect data can also
cause non-normal distributions. For example,
if volunteers are collecting water quality data
i SAV beds (see Chapter 18), the distribution
of water quality variables will tend to be
skewed toward good water quality because
water quality has to be of a certain minimum
standard to support the growth of these
underwater plants.

Another common cause of non-normal
distribution occurs because of detection
limits. A detection limit marks the boundary
above or below the concentrations or values
measured by a particular method. Secchi
depth measurements, for example, have an
upper detection limit determined by water
depth (i.c., the Secchi depth cannot exceed the
water depth) and a lower limit determined by
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the smallest increment of measure on the
rope. Figure 8-5 shows how both low and
high values may be truncated by these
detection limits.

Mystery Solved?

We might like to think our data will tell us
everything about what is happening in the
estuary. In reality, the data may not tell the
whole story—or even part of it. As with any
scientific study, your data may be inconclu-
sive, especially if your program has been
monitoring for only a short time (Dates,
1995). Indeed, since the workings of an
estuary are complex, it is often difficult to
determine trends for many water quality
variables (e.g., nutrients) unless the
monitoring has occurred over several seasons.
In fact, several years” worth of unusual data
may be quite misleading and tell a story very
different than the long-term situation.
Concluding that you need additional
mformation to better understand the estuary is
completely acceptable.

On the other hand, anomalous data can
idicate problems requiring immediate action.

For example, data showing high
turbidity and accompanied by Mean
visual observations of
abnormally cloudy water could
indicate a significant sediment
or nutrient runoff problem from
many possible sources (e.g.,
construction sites, farmland,
forestry operations, golf courses, -
etc.). Such information should Value
be brought to the immediate

Frequency

. .- Fi 8-3. Graphi tati f
attention of proper authorities for mgl;tl;endard d?,%é%f%?;gu slgxllgard
further investigation. deviation corresponds to a “peaked” fre-

Keep in mind that your data quency distribution, while a larger stan-

should support your interpretations. f}grd deVl%,uo.n corresponds o a more
) ! ) attened” distribution.

Still, your interpretations are

simply your best judgments about

the data. Even if you include your

volunteers, data users, and others

who are knowledgeable about the estuary in

reviewing the data, others may disagree with

your interpretation. That is not atypical.

However, as long as your data support your

mterpretation and you have followed a

reasonable data interpretation process, you

should be able to defend your position. l
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0 L L L L L L L L L L L L

Normal (Bell-shaped)

= == = Right Skewed
4 ===e- Left Skewed
=== Flattened

Frequency

Minimum f
measure on

054 Secchi rope

Secchi Depth (meters)
n

<]
|

Depth of

{ water at site

Figure 8-4. Examples of frequency distributions.
Because of the complexity of estuarine systems,
deviations to the normal bell-shaped distribution
curve are Common.

Figure 8-5. Example of limitations on Secchi depth
measurements in an hypothetical monitoring program.
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A project coordinator in Puerto Rico reviews
the significance of marine debris data with her
young volunteers. Presentations should be
designed according to the type of audience
(photo by L. Monk).

Data Presentation

When you feel
fully confident that
you have assembled
the best possible
picture of
environmental
conditions in your
study areas, it 1s
your job to make
others—your
volunteers, data
users, local fishing
clubs, or any other
audience—aware of
what you found.

Know Your Audience

Whether citizen programs convey
monitoring results in a periodic newsletter,
annual report, or by verbal presentation, the
key to rousing and sustaining the interest of
the audience remains the same. The speaker
or writer must determine the interests,
background, and level of technical
understanding of the target audience and
prepare the presentation accordingly.
Remember: The burden of communication 1s
on the presenter to convey the information,
not on the audience to understand (Sayce,
1999).

In presenting data results to volunteers or
other interested parties, several points merit
consideration:

¢ Highly technical or extremely simplistic
presentations bore the audience. An
mformative and lively approach, molded
to the expectations of the audience, will
be far more effective. Simple graphics
often help make complicated issues
much more understandable.

8-10

¢ A presentation should focus on a clear
message related to your audience’s
mterests. Your audience will likely be
more interested in specifics such as
trends in water quality, seasonal
variation, quality assurance issues, or
the identification of trouble spots in the
estuary rather than an across-the-board
synopsis of all the monitoring results.

¢ Data presentations, whether written or
verbal, should be both timely and
relevant. Volunteers will maintain a
higher level of interest if they see a
quick turnaround of their data into
usable and informative graphics and
summaries. Moreover, your nutrient
data won’t have much influence on
community decision-makers if you miss
the public hearing on a sewer upgrade
project. As mentioned carlier, trends
may be difficult to determine with
limited data, so one should exercise
caution when implying that data show
long term trends.

¢ Better understanding on the part of your
audience may lead to more community
support, more funding, better
management policies, and greater
citizen involvement.

When presenting data, one of your chief
goals should be to maintain the attention and
mterest of your audience. This is very difficult
using tables filled with numbers. Most people
will not be interested in the absolute values of
each parameter at cach sampling site; rather,
they will want to know the bottom line for
each site (e.g., 1s it good or bad) and seasonal
and year-to-year trends.
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Technical vs. Non-Technical Audiences

When addressing water quality or planning professionals, you should provide information about:

¢ the purpose of the study;

¢ who conducted it;

¢ how it was funded;

¢ the methods used;

e the quality control measures taken;

e your interpretation of the results;

+ your conclusions and recommendations; and

* further questions that have arisen as a result of the study.

Graphics, tables, and maps may be fairly sophisticated. Be sure to include the raw data in a
written report’s appendix and note any problems encountered.

A report for the general public should be short and direct. It is very important to convey
mformation in a non-technical style and to include definitions for terms and concepts that may be
unfamiliar to the layperson. Simple charts, summary tables, and maps with accompanying
explanations can be especially useful. Include a brief description of the program, the purpose of
the monitoring, an explanation of the parameters that were monitored, the location of sample
sites, a summary of the results, and any recommendations that may have been made.

In any written report or presentation, you should acknowledge the volunteers and the sources of

funding and other support.

(Excerpted and adapted from USEPA, 1997.)

Graphics

Graphics, when used properly, are excellent
tools to present a great deal of information in
a condensed yet understandable format. They
enliven the presentation, highlight trends, and
illustrate comparative relationships. Graphics
mclude flowcharts, maps, and graphs or charts
of the data. Such graphics, along with
narrative interpretation, summary statistics,
tables, overheads, and slides, help construct a
well-rounded and interesting presentation.

Graphs and Charts

Results summarized from the volunteer-
collected data can be displayed in any of
several styles of graphs. Choosing the style
that best conveys the information is critical
and requires careful thought. Although more

sophisticated graphic styles may be required
to present some data, three basic types are
often used for volunteer monitoring data: the
bar graph, pie chart, and line graph.

Bar Graph
The bar graph uses

Chapter 8: Data Management, Interpretation, and Presentation

simple columns (Figure 5073
8-0). The height of
cach column represents
the value of a data
point, making
comparisons of the data
relatively easy.
Modifications can be
made to the standard
bar graph for visual
appeal. For example,
Figure 8-7 shows
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Figure 8-6. Bar graph.
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Figure 8-7. Modification of typical bar graph to illustrate Secchi depth data.
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Figure 8-8. Bar graph showing fecal coliform data values and comparing them
with water quality standards.

Category 1
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Category 2

Figure 8-9. Pie chart.

turbidity data, as measured by a Secchi disk.
In this graphic, depth increases in a
downward direction along the vertical axis to
simulate actual water depth. This minor
change from the norm, along with the use of
Secchi disk icons extending down from the
“surface,” makes the data easy to understand.

In bar graphs of pH, dissolved oxygen,
bacteria, or other water quality variables for
which a standard value exists, consider
mserting a line across the graphic showing the
standard (Figure 8-8). This helps in
understanding when your results indicate
problems.

Pie Chart

The pie chart (Figure 8-9) is a simple yet
effective means of comparing each category
within the data set to the whole. It 1s best used
to present relational data, such as percentages.
The chart’s pie shape, with the pie
representing the total and the individual
wedges representing distinct categories,
makes this graphic style popular due to its
simplicity and clarity.

Certain data may be better described by a
pie chart than others. For example, it can be
very useful for summarizing the composition
percentages of marine debris found at a
particular site (e.g., the percent of plastic,
paper, glass, etc., debris), but not for
presenting dissolved oxygen trends.

Helpful Hint

If there are many small percentages in your
pie chart, consider reducing the clutter by
grouping the values fogether as an “other”
category. Identify the items in the “other”
slice of the pie elsewhere, especially if you
are presenting the information to a
technical audience.

8-12
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Line Graph

A line graph (Figure 8-10) is constructed by
connecting the data points with a line. It can
be effectively used for depicting changes over
time or space. This type of graph places more
emphasis on trends and the relationship
among data points and less emphasis on any
particular data point.

Line graphs can also be used to compare
two water quality variables that may be
related. Figure 8-11, for example, shows
dissolved oxygen concentrations and water
temperature. The plot of the two parameters
shows that as water temperature increases
through the summer, oxvgen levels generally
decline. The opposite occurs as cooler
autumn temperatures set m.

Maps and Pholographs

Displaying the results of your monitoring
data on a map can be a very effective way of
helpmg people understand what the data
signify. A map can show the location of
sample sites in relation to features such as
cities, wastewater treatment plants, farmland,
and tributaries that may have an effect on
water quality. This type of graphic display can
be used to effectively show the correlation
between specific activities or land uses and
the impacts they have on the ecosystem.
Because a map displays the cstuary’s
relationship to neighborhoods, parks, and
recreational areas, it can also help to elicit
concern for the estuary and strengthen mterest
in protecting it

There are different types of maps available.
These mclude:

» topographic maps, which show
natural features and elevations;
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Figure 8-10. Line graph.

highway or strect atlas maps;
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Figure 8-11. Line graph comparing values for two related water quality variables.
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Helpful Hint

Here are some tips for making your graphics easy to understand:

Have the graph serve a clear purpose. The information contained in the graph should be relatively easy to interpret and
relate closely to the text of a document or script of a presentation.

Do not distort the meaning of the data. Graphical representations of the data points should be proportional to each
point’s actual value (Figure 8-12).

Ensure that the labeling of graphics is clear and accurate. A table of the data values should accompany any graph that is
likely to be misunderstood.

Keep the graphic design simple. Complex or tricky graphics often hide the true meaning of the data. Avoid cluttering the
graph with labels, arrows, grids, fill patterns, and other “visual noise” that unnecessarily complicate the graphic. Use
simple fonts that are easy to read.

Limit the number of graphic elements. A pie chart, for example, should be divided into no more than five or six wedges.
Keep the number of superimposed lines on a line graph and the quantity of columns in a bar graph to a minimum.
Gonsider the proportions of the chart and the legibility of the type and graphic elements. A horizontal format is generally
more visually appealing, simpler to understand, and makes labels easier to read. The elements should fill the dimensions
of the graph to create a balanced effect. Ensure that the axes are labeled with legible titles and that the tick marks
showing data intervals are not crowded along the axis lines. Avoid cryptic abbreviations whenever possible,
remembering that you want your audience to fully understand the information in the graphic.

Create a title for the chart that is simple yet informative.

Remember that 8 percent of the U.S. population is colorblind. When color-coding results, don’t use both red and green
on the same graphic. You may also use shapes or symbols in addition to color.

Whether you use color, shading, or patterns, be sure that an easy-to-understand data key is included or that the data are
clearly labeled.

If you will need to photocopy color graphics, make sure that the colors are still distinguishable when the graphics are
photocopied in black and white.

Be consistent when comparing data; for example, don’t mix pie charts with bar graphs.

(Portions excerpted and adapted from Schoen et al., 1999.)

Geographic Information Systems

Computer software systems that allow you to map and manipulate various layers of
mformation (such as water quality data, land use information, county boundaries, or geologic
conditions) are known as Geographic Information Systems (GIS). They can vary from simple
systems run on personal computers to sophisticated and very powerful ones that run on large
mainframes. For any GIS application, you need to know the coordinates of your sample
sites—either their latitude and longitude, or some alternate system. You can also locate your
sites on a topographic map that can be digitized onto an electronic map of the watershed.
Once these points have been established, you can link your database to the points on the map,
query your database, and create graphic displays of the data.

Powerful GIS applications typically require expensive hardware, software, and technical
training. Any volunteer program interested in GIS applications may consider working in
partnership with other organizations such as universities, natural resource agencies, or large
nonprofit groups that can provide access to a GIS.

8-14
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Figure 8-12. Scale considerations for presenting data. The pH graph in (a) gives the mistaken impression that the results are
similar at each site. The graph in (b) uses a narrower y-axis scale, thereby doing a better job of showing the significant differences

among monitoring sites. Changing scales to dramatize insignificant differences (c and d), however, is not recommended.

The display map should show principal
features such as roads, municipal boundaries,
waterways, and other familiar landmarks (e.g.,
schools and churches). It should have
sufficient detail and scale to show the location
of sample sites and have space for summary
mformation about cach site.

When displaying your data on a map,
consider the following;:

¢ Keep the amount of information
presented on cach map to a minimum.
Do not try to put so much on one map
that it becomes visually complicated
and difficult to read or understand. A
good rule of thumb is to read the map
without referring to the legend. If the
map is not easily understood or if
symbols, lines, and colors are not
distinct from each other, then you
should use another map to display a
different layer or “view” of the data.
For example, if there are several dates
for which you wish to display
sampling results, use one map for
cach date.
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¢ C(learly label the map and provide an
explanation of how to interpret it. If
you need a long and complicated
explanation, you may want to present
the data differently. If you have
reached a clear conclusion, state the
conclusion on the map. For example,
if a map shows that tributaries are
cleaner than the mainstem, use that
mformation as the subtitle of the map.

¢ Provide a key to the symbols that are
used on the map.

e Rather than packing lots of
mformation into a small arca of the
map, use a “blowup” or enlargement
of the area clsewhere on the map to
adequately display the information.

e Use symbols that vary in size and
pattern to represent the magnitude of
results. For example, a site with a
fecal coliform level of 10 colonies/
100 ml could be a light gray circle
with a 1/16-inch diameter while a site
with a level of 200 colonies/100 ml
would be a dark gray circle 1/4-inch
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A volunteer distributes information to passersby at
an Earth Day event in Washington, DC (photo by
The Ocean Conservancy).

TSSO, in diameter. Start

by finding the
highest and
lowest values,
assign diameters
and patterns to
those values, and
then fill in steps
along the way.
For the above
example you
might have four
ranges: 0 to 99,
100 to 199, 200 to
500, and 500+
Photographs also

add great value to your project. Aerial photos
of the monitoring sites add a “personal
touch,” allowing citizens to see their houses
or favorite fishing spots. This can pique their

mterest in the project.

Ground-level pictures of algal blooms,
monitoring sites, and volunteers in action are
also helpful. They are qualitative records of
your estuary’s health or your monitoring
project and help your audience understand
your project and program’s activities.
Compiling a photo library is always a good
idea, especially when last-minute additions
are needed for reports, press releases, display
booths, and presentations.

Getting the Word Out

On a regular basis, a successful volunteer
estuary monitoring program should report key
findings to volunteers, data users, and the
general public, including the media. As
mentioned previously, state water quality
agencies will require detailed reports, whereas
shorter and less technical summaries are more
appropriate for the general public.

The volunteer program should develop a
strategy for distributing and publicizing
reports. All reports should be subjected to the
review process prescribed by your quality
assurance project plan, and your program’s

leaders should be confident about the data and
comfortable with the statements and
conclusions before the report is made public.
When your report’s findings and conclusions
are released to the public, you will need to be
prepared to respond to questions regarding the
data and your interpretation of that data.

Some ideas for distributing project results and
informing the public include the following:

Written Report

A written document is a good instrument for
getting your information out to a wide
audience. If you have access to a mailing list of
people who are interested i your estuary, mail
the report with a cover letter that summarizes
the major findings of the study. The cover letter
should be brief and enticing so that the recipient
will be curious enough to read the report. If you
want people to take some kind of action, such
as supporting the expenditure of public funds to
upgrade a sewage treatment plant, you may
want to ask for their support in the cover letter.
If you do not have an extensive mailing list,
perhaps other organizations that share your
goals would be willing to supply you with their
lists. Be sure to also send the report to state and
federal agencies; newspapers; radio and
television stations; local libraries; colleges and
universities; research stations; and high schools,
if appropriate.

Instead of long technical reports, you may
want to develop fact sheets for public
distribution. These summaries of your findings
and conclusions should make your points
quickly and instruct the reader on how to obtain
more information.

Speaking Tour

Develop an oral presentation (with slides,
overheads, etc.) that could be offered to groups
such as the local chamber of commerce, civic
clubs, conservation organizations, schools, and
government entities. Your presentation could
even be videotaped for distribution to a wider
audience.

Volunteer Estuary Monitoring: A Methods Manual



Public Meetings

Schedule a series of public meetings that
highlight the monitoring program, its findings,
and its recommendations. At the meetings,
distribute the written report, answer questions,
and tell your audience how they can get
mvolved. These meetings can also help you
recruit more volunteers.

Be sure to schedule the meetings at times
when people are more likely to attend (i.e.,
weekday evenings, weekend days) and avoid
periods when people are usually busy or on
vacation. Invite the media and publicize the
meetings in newspaper calendars; send press
releases to radio and television stations,
newspapers, and other organizations; and ask
volunteers to distribute fliers at grocery
stores, city hall, etc.

Press Releases and Press Conferences

As explained in Chapter 3, distributing a
press release is a cost-effective means of
imforming the public about the results and
accomplishments of your program. Develop a
mailing list of newspapers, radio and
television stations, and organizations that
solicit articles for publication. Send the news
release to volunteers and others who are
mterested in publicizing the monitoring
program.

If your report contains some real news or if
it has led to a significant event (e.g., the
mayor or city council has recognized the
value of the report and issued a statement of
support), hold a press conference (see Chapter
3 for details).
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Exhibits

Set up displays at river festivals, county
fairs, conferences, libraries, storefront
windows, boat ramps, or parks. Exhibits allow
you to show your data to a variety of
audiences, usually in an informal setting.

Webh Sites

Placing data on your program’s Web site or
the sites of project partners can be a useful
and convenient way to make your data
available. Almost everyone has access to the
Internet and developing a Web page is
relatively easy.

People curious about your project can view
the Web site for raw data, graphics, photos,
and commentary. In addition, posting
iformation on the site can save staff
resources that would otherwise be spent
printing and mailing the results or explaining
results over the phone.

Once people know where they can find
your data, they can continue to check the site
for updates.

Other Publicity

Be creative in getting your report and
message out. Try writing letters to the editor
or op-ed articles for local or statewide papers,
producing radio feeds (a recording of the
group’s leader played over the phone to a
radio station), issuing media advisories, and
even advertising in publications. H

Volunteer Estuary Monitoring: A Methods Manual
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Unit One: Chemical Measures Chapter 9: Oxygen

Overview

Nearly all aquatic life needs oxygen to survive. Because of its importance to
estuarine ecosystems, oxygen is commonly measured by volunteer monitoring
programs. When monitoring oxvgen, volunteers usually measure dissolved oxygen

and biochemical oxygen demand.

Dissolved oxvgen concentrations mdicate how well acrated the water 1s, and
vary according to a number of factors, including season, time of day, temperature,
and salmity. Biochemical oxvgen demand measures the amount of oxygen

consumed in the water by chemical and biological processes.

This chapter discusses the role of dissolved oxygen and biochemical oxvgen
demand 1n the estuarine environment. It provides steps for measuring these water

quality variables. Finally, a case study is provided.

9-1
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Unit One: Chemical Measures

Why Monitor Oxygen?

Of all the parameters that characterize an
estuary, the level of oxygen in the water is one
of the best indicators of the estuary’s health. An
estuary with little or no oxygen cannot support
healthy levels of animal or plant life.

Unlike many of the problems plaguing

DISSOLVED OXYGEN (DO)

Oxygen enters estuarine waters from the
atmosphere and through aquatic plant photosyn-
thesis. Currents and wind-generated waves boost
the amount of oxygen in the water by putting
more water in contact with the atmosphere.

Dissolved Oxygen in the Estuarine
Ecosystem

DO is one of the most important factors con-
trolling the presence or absence of estuarine
species. It is crucial for most animals and plants
except for a small minority that can survive
under conditions with little or no oxygen.
Animals and plants require oxygen for respira-
tion—a process critical for basic metabolic
processes.

In addition to its use in respiration, oxygen is
needed to aid in decomposition. An integral part
of an estuary’s ecological cycle is the break-
down of organic matter. Like animal and plant
respiration, this process consumes oxygen.
Decomposition of large quantities of organic
matter by bacteria can severely deplete the
water of oxygen and make it uninhabitable for
many species.

An overload of nutrients from wastewater
treatment plants or runoff from various land
uses also adds to the problem. Nutrients fuel the
overgrowth of phytoplankton, known as a
bloom. The phytoplankton ultimately die, fall to
the bottom, decompose, and use up oxygen in
the deep waters of the estuary. Although nutri-
ents from human activities are a major cause of

estuaries, the consequences of a rapid decline in
oxygen set in quickly and animals must move
to arcas with higher levels of oxygen or perish.
This immediate impact makes measuring the
level of oxygen an important means of
assessing water quality. l

depleted oxygen, low oxygen conditions may
also naturally occur in estuaries relatively unaf-
fected by humans. Generally, however, the
severity of low DO and the length of time that
low oxygen conditions persist in these arcas are
less extreme.

DO and nutrients can be connected in another
way. When oxygen is low, nutrients bound to
bottom sediments can be released into the water
column, thereby permitting more plankton
growth and eventually more oxygen depletion.
Other pollutants may also be released from sedi-
ments under low oxygen conditions, potentially
causing problems for the estuarine ecosystem.

Oxygen availability to aquatic organisms is
complicated by the fact that its solubility in
water 1s generally poor. Salt water absorbs even
less oxygen than fresh water (e.g., seawater at
10°C can hold a maximum dissolved oxygen
concentration of 9.0 mg/l, while fresh water at
the same temperature can hold 11.3 mg/1).
Warm water also holds less oxygen than cold
water (e.g., scawater can hold a dissolved oxy-
gen concentration of 9.0 mg/1 at 10°C, but that
concentration drops to 7.3 mg/l when the tem-
perature increases to 20°C). Therefore, warm
estuarine water can contain very little dissolved
oxygen, and this can have severe consequences
for aquatic organisms.

Levels of Dissolved Oxygen

Although we may think of water as homoge-
neous and unchanging, its chemical constitution
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does, in fact, vary over time. Oxygen levels, in
particular, may change sharply in a matter of
hours. DO concentrations are affected by physi-
cal, chemical, and biological factors (Figure 9-
1), making it difficult to assess the significance
of any single DO value.

At the surface of an estuary, the water at nud-
day is often close to oxygen saturation due both
to muxing with air and the production of oxygen
by plant photosynthesis (an activity driven by
sunlight). As night falls, photosynthesis ceases
and plants consume available oxygen, forcing DO
levels at the surface to decline. Cloudy weather
may also cause surface water DO levels to drop
since reduced sunlight slows photosynthesis.

DO levels in an estuary can fluctuate greatly
with depth, especially during certain times of
the year. Temperature differences between the
surface and deeper parts of the estuary may be
quite distinct during the warmer months.
Vertical stratification in estuarine waters
(warmer, fresher water over colder, saltier
water) during the late spring to summer period
1s quite effective in blocking the transfer of
oxygen between the upper and lower layers (see
Figure 9-1). In a well-stratified estuary, very lit-
tle oxygen may reach lower depths and the
deep water may remain at a fairly constant low
level of DO. Changing seasons or storms, how-
ever, can cause the stratification to disintegrate,
allowing oxygen-rich surface water to mix with
the oxygen-poor deep water. This period of
mixing is known as an overturn.

When DO declines below threshold levels,
which vary depending upon the species, mobile
animals must move to waters with higher DO;
immobile species often perish. Most animals
and plants can grow and reproduce unimpaired
when DO levels exceed 5 mg/l. When levels
drop to 3-5 mg/l, however, living organisms
often become stressed. If levels fall below 3
mg/l, a condition known as hypoxia, many
species will move elsewhere and immobile
species may die. A second condition, known
as anoxia, occurs when the water becomes
totally depleted of oxygen (below 0.5 mg/l)
and results in the death of any organism that
requires oxygen for survival. Figure 9-2 sum-
marizes DO thresholds in estuarine waters. l
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Figure 9-1. Physical, chemical, and biological processes that affect dissolved
oxygen concentrations in estuaries. (Redrawn from USEPA, 1998.)
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Figure 9-2. Dissolved oxygen in the water. A minimum DO concentration
of 5 mg/1 is usually necessary to fully support aquatic life.
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Sampling Considerations

Chapter 6 summarized several factors that
should be considered when determining
monitoring sites, where to monitor in the water
column, and when to monitor. In addition to the
considerations in Chapter 6, a few additional
ones specific to oxygen monitoring are
presented here.

When to Sample

In estuarine systems, sampling for DO
throughout the year is preferable to establish a
clear picture of water quality. If year-round
sampling is not possible, taking samples from
the beginning of spring well into autumn will
provide a program with the most significant
data. Warm weather conditions bring on
hypoxia and anoxia, which pose serious
problems for the estuary’s plants and animals.
Because these conditions are rare during winter,
cold weather data can serve as a baseline of
mformation.

Sampling once a week 1s

generally sufficient to capture the
variability of DO in the estuary.
Since DO may fluctuate
throughout the day, volunteers
should sample at about the same
time of day each weck. This way,
they are less likely to record data
that largely capture daily
fluctuations. Some programs
suggest that
volunteers
sample in the
morning near
dawn as well as
mid-afternoon to
capture the daily
high and low
DO values.

Figure 9-3. Dissolved oxygen samplers. Many of these
instruments may also be used to collect samples for the

In some areas,
especially large
tidal swings can
work to weaken
the stratification

analysis of other water quality variables.

m the estuary. Tidal effects, then, could be a
consideration when collecting and analyzing
DO data.

Where to Sample

As mentioned previously, estuary
stratification can have an impact on DO levels
at different depths. Stratification is especially
evident during the summer months, when warm
fresh water overlies colder, saltier water. Very
little mixing occurs between the layers, forming
a boundary to mixing.

Because DO levels vary with depth—
especially during the summer—volunteer
groups may wish to collect samples at different
depths. Van Dorn and Kemmerer samplers (see
Chapter 7) are commonly used to collect these
kinds of samples. In addition, there are several
water samplers designed primarily for
collecting DO samples at different depths
(Figure 9-3). Appendix C provides a list of
equipment suppliers.

Choosing a Sampling Method

Citizen programs may elect to use either a
DO e¢lectronic meter or one of the several
available DO test kits (Table 9-1). If the
volunteer group wants its data to be used
by state or federal agencies, it is wise to
confer with the appropriate agency
beforehand to determine an acceptable
monitoring method.

Meters

The electronic meter measures DO based on
the rate of molecular oxygen diffusion across a
membrane. The results from a DO meter are
extremely accurate, providing the unit 1s well-
maintained, calibrated, and the membrane is
handled in accordance with the manufacturer’s
mstructions before each use. To properly
calibrate some DO meters, knowledge of the
sampling site’s salinity is necessary.

The DO probe may be placed directly into
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Table 9-1. Summary of dissolved oxygen monitoring methods. Depending on the method used, DO
measurements may be made in the field or in a laboratory (USEPA, 1997).

Method Location of Comments
Measurement

Meter Field ¢ The meter must be properly calibrated,

accounting for salinity.
¢ The meter is fragile; handle it carefully.

Test kit Field or Lab ¢ If measured in lab, the sample is fixed in the

(Winkler field and titrated in the lab.

titration)  Lab measurement must take place within 8 hours
of sample collection.

the estuary for a reading or into a water sample
drawn out by bucket for a surface
measurement. Depending on the length of its
cable, a meter may allow monitors to get DO
readings directly from various depths. Some
meters allow volunteers to take both DO and
temperature readings simultaneously.

Though easy to use, a reliable DO meter will
likely cost more than $1,000. It also uses
batteries, which last a long time but must be
disposed of properly. To offset upfront and
maintenance costs, monitoring groups might
consider sharing equipment (Stancioff, 1996).

Because of the expense, a volunteer program
might be able to afford only one meter.
Consequently, only one team of monitors can
measure DO and they will have to do it at all
sites. Dissolved oxygen meters may be useful
for programs in which many measurements are
needed at only a few sites, volunteers sample at
several sites by boat, or volunteers plan on
running DO profiles (many measurements
taken at different depths at one site).

Test Kits

If volunteers are sampling at several widely
scattered sites, one of the many DO kits on the
market may be more cost-effective. These kits
rely on the Winkler titration method or one of
its modifications. The modifications reduce the
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effect of materials in the water, such as organic
matter, which may cause inaccurate results.

The kits are inexpensive, generally ranging
from $30 to $200, depending on the method of
titration they use. While inexpensive upfront,
the kits require reagent refills as the reagents
are used up or degrade over time. Reagents can-
not be reused. Unused reagents and waste gen-
erated during the performance of tests must be
disposed of properly (see Chapter 7).
Volunteers must also take appropriate safety
precautions when using the reagents, which can
be harmful if used improperly.

Kits provide good results if monitors adhere
strictly to established sampling protocols.
Acrating the water sample, allowing it to sit in
sunlight or unfixed (see box, page 9-6, for an
explanation of fixing), and titrating too hastily
can all introduce error into DO results.

For convenience, the volunteer monitors may
keep their kits at home and take them to the
sampling site ecach week. The program manager
must provide the monitors with fresh chemicals
as needed. Periodically, the manager should
check the kit to make sure that each volunteer is
properly maintaining and storing the kit’s
components. At the start of the monitoring
program, and periodically thereafter if possible,
the program manager should directly compare
kit measurements to those from a standard
Winkler titration conducted in a laboratory. H

Volunteer Estuary Monitoring: A Methods Manual

Chapter 9: Oxygen



Chapter 9: Oxygen Unit One: Chemical Measures

Titration

Titration is an analytical procedure used to measure the quantity of a substance in a water
sample by generating a known chemical reaction. In the process, a reagent is
mcrementally added to a measured volume of the sample until reaching an obvious
endpoint, such as a distinct change in color (Figure 9-4).

Volunteers can use titration to assess the
quantity of dissolved oxygen at a sampling site.
This procedure, known as the Winkler titration,
uses 1odine as a substitute for the oxygen
dissolved in a “fixed” sample of water. A fixed —
sample is one in which the water has been .
chemically rendered stable or unalterable, _

== meaning that atmospheric oxygen will no =
longer affect the test result. lodine stains the
sample yellow-brown. Then, a chemical called _
sodium thiosulfate reacts with the free iodine in =
the water to form another chemical, sodium

The volunteer on the left is titrating a water  10odide. When the reaction is complete, the ——

sample, while the other volunteer is “fixing”  sample turns clear. This color change is called

another sample (photo by K. Register). the endpoint. F_igur_e 9.4,
Titration of a

Since the color change is often swift and can occur between one drop of reagent and the reagent into a

next, a starch indicator should be added to the solution to exaggerate the color change. water sample.

The starch keeps the sample blue until all the free 10dine is gone, at which time the
sample immediately turns colorless. The amount of sodium thiosulfate used to turn the
sample clear translates directly into the amount of dissolved oxygen present in the
original water sample.

Reminder!

To ensure consistently high quality data, appropriate quality control measures are necessary.
See “Quality Control and Assessment” in Chapter 5 for details.

Not all quality control procedures are appropriate for all water quality analyses. Blanks and
standards are not usually used for Winkler DO titrations, due to problems with contamination
by oxygen from the air. To check the accuracy of the procedure, one has at least two options:

e (reate an oxygen-saturated sample by shaking and pouring water back and forth through
the air, then titrate the sample and compare the results to published tables of oxygen
solubility versus temperature (salinity must be known to determine oxygen solubility).

e se a standard solution of potassium bi-iodate to check the accuracy of the titrant
(standard solutions can be ordered from chemical supply companies—see Appendix C).
The amount of titrant required to make the sample colorless should equal the amount of
polassium bi-iodate added to the sample, 0.1 ml.

(Excerpted and adapted from Mattson, 1992.)
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How to Monitor Dissolved Oxygen

General procedures for collecting and
analyzing dissolved oxygen samples are
presented in this section for guidance only; they
do not apply to all sampling methods.
Monitors should consult with the
instructions that come with their sampling
and analyzing instruments. Those who are
interested in submitting data to water
quality agencies should also consult with the
agencies to determine acceptable equipment,
methods, quality control measures, and data
quality objectives (see Chapter 5).

Before proceeding to the monitoring site and
collecting samples, volunteers should review
the topics addressed in Chapter 7. It 1s critical
to confirm the monitoring site, date, and time;
have the necessary monitoring equipment and
personal gear; and understand all safety
considerations. Once at the monitoring site,
volunteers should record general site
observations, as discussed in Chapter 7.

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site for each sampling session:

If using the Winkler method

¢ large clean bucket with rope (if taking
surface sample or if unable to collect
sample directly in DO bottles);

e Kemmerer, Van Dorn, DO sampler, or
homemade sampler (if taking a full DO
profile);

e fully stocked dissolved oxygen kit with
mstructions;

¢ extra DO bottles;

e cquipment for measuring temperature and
salinity (necessary to calculate percent
saturation—see page 9-12); and
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¢ cnough reagents for the number of sites to
be tested.

If using a meter and probe

e calibrated DO meter and probe with
operating manual (the meter must be
calibrated according to the
manufacturer’s instructions);

e cxtra membranes and clectrolyte
solution for the probe;

e cxtra batteries for the meter;
¢ cxtra O-rings for the membrane;
e cxtension pole; and

¢ cquipment for measuring temperature
and salinity (necessary to calculate
percent saturation—see page 9-12),
if temperature and salinity cannot be
measured by the meter.

STEP 2: Collect the sample.

This task is necessary if the volunteer is
using a DO kit or if a sample 1s being drawn
for a DO meter (rather than placing the DO
probe directly in the estuary). Chapter 7
reviews general information about collecting a
water sample.

Although the task of collecting a bottle of
water seems relatively easy, volunteers must
follow strict guidelines to prevent
contamination of the sample. The citizen
monitor must take care during collection of
the water; jostling or swirling the sample can
result in aeration and cause erroneous data.
Using a bucket to collect the sample increases
the risk of introducing oxygen to the sample.
It 1s preferable to use a standard DO sampling
bottle rather than a simple bucket since a
washed and capped bottle is less likely to
become contaminated than an open container.

Volunteer Estuary Monitoring: A Methods Manual
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Figure 9-5. Taking a water sample for DO analysis.
Point the bottle against the tide or current and fill
gradually. Cap the bottle under water when full,
ensuring that there are no air bubbles in the bottle
(USEPA, 1997).

Unit One: Chemical Measures

Reminder!

The water sample must be collected in such
a way that you can cap the bottle while it is
still submerged. That means you must be
able to reach into the water with both arms
and the water must be deeper than the
sample bottle.

If using a bucket

¢ Rinse the sample bucket with estuary
water twice before sampling. Rinse and
empty the bucket away from the
collection area.

¢ Drop the bucket over the side of the
dock, pier, or boat and allow water from
Just under the surface to gently fill the

container until it is about two-thirds full.

There should be no air bubbles in the
bucket.

¢ Lift the bucket carefully to the working
platform.

¢ If using a DO kit, rinse two DO bottles
twice each with estuary water before
filling them from the sample bucket.
Then, submerge each capped bottle in
the bucket, remove the lid, and slowly
fill. Avoid agitating the water in the
bucket to minimize the introduction of
oxygen to the sample.

¢ While the bottle 1s
still under water,
tap 1its side to
loosen any air
bubbles before
capping and lifting
the bottle from the
bucket.

¢ Check the sample
for bubbles by
turning the bottle
upside-down and
tapping.
If you see any
bubbles, repeat the
filling steps.

If collecting samples directly in bottles

¢ Rinse two DO bottles twice each with
estuary water away from the collection
arca before filling them with the sample.

¢ Make sure you are positioned
downcurrent of the bottle.

¢ Submerge each capped bottle in the
water, facing into the current.

¢ Remove the lid, and slowly fill (Figure 9-
5). Avoid agitating the water to minimize
the mtroduction of oxygen to the sample.

+ While the bottle 1s still under water, tap
its side to loosen any air bubbles before
capping and lifting the bottle from the
water.

¢ Check the sample for bubbles by turning
the bottle upside-down and tapping. If you
see any bubbles, repeat the filling steps.

If collecting samples from other samplers

¢ Follow the manufacturer’s instructions.

e Make sure that no air bubbles are
mtroduced into the sample.

¢ The sampler should have a mechanism
for allowing the DO bottle to fill from the
bottom to the top.

If using a test kit, take the water temperature
by setting the thermometer in the bucket and
allow it to stabilize while preparing for the DO
test. Most meters will have a thermometer
mcluded. The bucket of water used for
measuring DO can also be used for many of the
other water quality tests.

Temperature and salinity should also be
measured to calibrate a DO meter or if the
volunteer group wishes to calculate percent
saturation (see box, page 9-12).

STEP 3: Measure DO.

Many citizen monitoring programs use the
“azide modification™ of the Winkler titration
to measure DO. This test removes mterference
due to nitrites—a common problem in
estuarine waters.
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If using the Winkler method

Gloves should be worn when doing this test.

Part One: “Fix” the sample immediately

Proceed with the DO test for both
sample bottles by carefully following
the manufacturer’s instructions. Allow
some of the sample to overflow during
these steps; this overflow assures that no
atmospheric oxygen enters the bottled
contents. After the sample is fixed,
exposure to air will not affect the
oxygen content of the sample. Be
careful not to introduce air into the
sample while adding the reagents.
Simply drop the reagents into the test
sample, cap carefully, and mix gently.

Once the sample has been fixed in this
manner, it is not necessary to perform
the titration procedure immediately.
Thus, several samples can be collected
and “fixed” m the field, then carried
back to a testing station or laboratory
where the titration procedure is to be
performed. The titration portion of the
test should be carried out within 8
hours. In the meantime, keep the sample
refrigerated and in the dark.

Part Two: Titrating the sample

Continue with the titration of both
samples, again following specific
mstructions included with the kit or
provided by the program manager.

Carefully measure the amount of fixed
sample used in titration; this step is
critical to the accuracy of the results.
The bottom of the meniscus should rest
on top of the white line on the titration
test tube. (A meniscus is the curved
upper surface of a liquid column that is
concave when the containing walls are
wetted by the liquid—see Figure 9-6.)

Fill the syringe in the test kit, following
mstructions.

Chapter 9: Oxygen

¢ Insert the syringe into
the hole on top of the
test tube and add 1 drop
of sodium thiosulfate to
the test tube; swirl the Test Tube —| paad
test tube to mix. Add Here
another drop of the
sodium thiosulfate and Meniscus —p>
swirl the tube. Continue
this titration process one
drop at a time until the
yellow-brown solution

in the test tube turns a
pale yellow. Then pull Figure 9-6. Measurements should be
made at the bottom of the meniscus.

3

the syringe out of the
hole (with the remaining
sodium thiosulfate) and
put it aside for a moment.

¢ Add starch solution to the test tube
through the hole on top of the lid,
according to directions. Swirl the tube to
mix. The solution should turn from light
yellow to dark blue.

¢ Now put the syringe back into the hole
on the test tube. Continue the titration
process with the remaining sodium
thiosulfate, until the test tube solution
turns from blue to clear. Do not add any
more sodium thiosulfate than is
necessary to produce the color change.
Be sure to swirl the test tube after each
drop.

¢ Using the scale on the side of the
syringe, read the total number of units of
sodium thiosulfate used in the
experiment. Each milliliter of thiosulfate
used is equivalent to 1 mg/l DO.

e Each volunteer should carry out all steps
on two samples to minimize the
possibility of error. The two samples can
either be titrated from the one bottle of
fixed sample solution or, for better
quality assurance, from two water
samples fixed in the field.

9-9
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e If the discrepancy between the two DO
concentrations is significant, the
volunteer should run a third titration.
The program’s quality assurance project
plan should define what difference is
considered “significant.” Some
monitoring programs stipulate that a
third sample must be analyzed if the DO
concentrations of the first two samples
differ by more than 0.6 mg/1.

NOTE: Samples with high levels of DO are
brown, while low DO samples are generally
pale yellow before the starch indicator is
added. A few minutes after reaching the
colorless endpoint, the sample may turn blue
once again. This color reversion is not cause
for concern—it is simply proof of a precise
titration.

Helpful Hint

If volunteers are to collect and fix two water
samples at each of their monitoring sites,
be sure to provide each monitor with the
appropriate number of DO bottles (e.g., 4
bottles for 2 monitoring sites, etc.). The
bottles can be permanently marked with site
location names. Volunteers will collect and
fix the samples in the field, then titrate the
samples within 8 hours. After the DO
bottles have been emptied and cleaned,
they are ready for the next monitoring
session.
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If using a meter and probe

e Make sure the unit is calibrated
according to the manufacturer’s
mstructions. Knowledge of salinity is
needed to properly calibrate most meters
(Green, 1998).

¢ After inserting the DO probe into the
bucket or placing it over the side of the
boat or pier, allow the probe to stabilize
for at least 90 seconds before taking a
reading.

¢ With some meters, you should manually
stir the probe without disturbing the
water to get an accurate measurement.

STEP 4: Clean up and submit data.

If using the Winkler titration method, make
sure to thoroughly rinse all glassware in the
kit and tightly screw on the caps to the
reagent bottles. Check to ensure that each
bottle contains sufficient reagents for the next
DO analysis. Properly dispose of wastes
generated during the performance of tests (see
Chapter 7).

If using a laboratory to analyze the samples,
deliver the fixed samples and field data sheets
to the lab as soon as possible, as the sample
analysis must be done within 8 hours.

Make sure that the data sheet is complete
and accurate. Volunteers should make a copy
of the completed data sheet before forwarding
it to the project manager in case the original
data sheet becomes lost. B
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Case Study:
Dissolved Oxygen Monitoring in New Jersey

In New Jersey, the Alliance for a Living Ocean coordinates the Barnegat Bay Watch Monitoring
Program. Dissolved oxygen testing is one of the more complicated monitoring activities under-
taken by program volunteers.

The volunteer monitors use a modified Winkler titration test kit that is user-friendly and has a
good degree of accuracy. With each test kit, the monitors receive a test procedure sheet and a
monitor’s testing manual. Often, monitors tape a simplified version of the test procedures to the
mside of their test kits.

The program provides several tips to minimize any confusion about the test procedure:

+ Because the test kit uses five reagents, monitors are encouraged to label the reagent bot-
tles as #1, #2, etc.

« [t 1s suggested that the bottles be arranged in numeric order in the test kit. This simplifies
looking for the next reagent.

¢ Solutions 1, 2, 3, and 5 are each added 8 drops at a time. (Solution #4 1s added one drop
at a time.) The monitors can mark these reagent bottles with the words “8 drops.” When
the monitors’ hands are wet or the wind 1s blowing, it is much easier to read the label on a
bottle than an instruction sheet.

Many monitors conduct tests from their boats in the Barnegat Bay. These monitors are encour-
aged to “fix” the water sample by adding the first three reagents, and then return to land. Once
on shore, volunteers can resume the test, which includes filling a titration tube to exactly 20 ml
and titrating Solution #4 one drop at a time. In this manner, inaccuracies caused by a rocking
boat are avoided.

Monitors are reminded to remove all air bubbles from the water sample by tapping the sample
bottle while it is submerged. Monitors also double-check for air bubbles in the sample and the
titration plunger before beginning a test. Air bubbles n the plunger are avoided by depressing
the plunger before drawing up the titration solution. These practices greatly reduce data error.

The program suggests that volunteers perform the dissolved oxygen test several times at home
or in the laboratory before going out in the field. Through practice, they can become familiar
with the order of reagents and what the water sample should look like at each step.

For More Information:
Alliance for a Living Ocean
P.O. Box 95
Ship Bottom, NJ 08008
Phone: 609-492-0222
Fax: 609-492-6216
E-mail: livingocean(@worldnet.att.net

9-11
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DO Saturation and Percent Saturation

DO saturation, or potential DO level, Temperature Oxygen Saturation Concentration (mg/1)
refers to the highest DO concentration o0 —
possible under the environmental limits of Salinity: O ppt| 9 ppt 18 ppt | 27 ppt | 36 ppt
temperature, salinity (or chlorinity), and 0.0 14.6 13.7 12.9 12.1 114
atrnospheric pressure. As Salinity or 1.0 14.2 134 12.5 11.8 11.1
chlorinity icreases, the amount of 2.0 13.8 13.0 12.2 115 10.8
oxygen that water can hold decreases 30 135 127 119 112 105
substantially. For example, at 20°C, 100% 40 131 123 116 109 103
DO saturation for fresh water (for which 30 1238 120 113 106 10.0
salinity and chlorinity are zero) is 9.09 6.0 124 117 1.0 104 038
mg/l. At the same temperature, 100% 70 21 14 108 102 96
saturation for water with 36 parts per 2.0 113 112 105 99 04
thousand (ppt) salinity is 7.34 mg/l. 9'0 11.6 10'9 10'3 9'7 9'2
Table 9-2 summarizes DO saturation 10.0 11.3 10.6 10.0 95 90
levels for different salinities and 11.0 11.0 104 98 93 88
temperatures at sea level. Tables showing 12.0 10.8 102 96 91 86
saturation levels in waters of various 13.0 105 10.0 94 89 84
CthI‘iIlity can be found in APHA (1998) 14.0 103 97 92 87 82
Percent saturation is the amount of 15.0 10.1 9.5 9.0 8.5 8.1
oxygen in the water relative to the water’s 16.0 9.9 93 8.8 8.4 7.9
potential DO saturation. It is calculated as 17.0 9.7 92 8.7 8.2 7.8
follows: 18.0 95 9.0 8.5 8.0 7.6
. 19.0 93 8.8 8.3 7.9 7.5
Percent saturation —% x 100 20.0 o1 3.6 30 77 73
21.0 8.9 8.4 8.0 7.6 7.2
(Excerpted and adapted from Green, 1998.) 22.0 8.7 83 7.9 7.5 7.1
23.0 8.6 8.1 7.7 73 7.0
24.0 8.4 8.0 7.6 7.2 6.8
25.0 8.3 7.8 7.4 7.1 6.7
26.0 8.1 7.7 73 7.0 6.6
27.0 8.0 7.6 7.2 6.8 6.5
28.0 7.8 7.4 7.1 6.7 6.4
Table 9-2. Dissolved o 29.0 7.7 73 7.0 6.6 6.3
c:)‘ncZntraiio;:S((l)n;e/l) (1)1>1<y v%aetlérssaol;r;afal:igus salinity 30.0 7.6 72 68 6.5 6.2
(ppt) and temperature (°C ) at sea level (adapted 31.0 7.4 7.1 6.7 6.4 6.1
from Campbell and Wildberger, 1992, and APHA, 32.0 73 70 6.6 63 6.0
DO satution concenttons wsing chiorintly 33.0 72 68 | 65 | 62 |59
instead of salinity (salinity = 1.80655 x 34.0 7.1 6.7 6.4 6.1 5.8
chlorinity). 35.0 7.0 6.6 6.3 6.0 5.7
9-12
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Common Questions About DO Testing

Should I pour off any of the water in my sample bottle before | add the reagents?

No. Pouring off some of the water allows space for an air bubble to be trapped when the
bottle is capped. When you shake the bottle, this oxygen mixes with the sample and causes
erroneously high results. It’s OK for some liquid to overflow as you add the fixing reagents.
(If you are concerned about spillage, put the bottle on a paper towel.)

How should | hold the dropper bottles to dispense the reagents?

Hold the dropper bottles completely upside down (i.e., vertical). This ensures a uniform drop
size.

What is meant by saying that the sample is “fixed”?

After the first three reagents are added, the sample is fixed; this means that contact with
atmospheric oxygen will no longer affect the test result because all the dissolved oxygen in the
sample has reacted with the added reagents. The final titration actually measures 1odine instead
of oxygen. Fixed samples may be stored up to 8 hours, if kept refrigerated and in the dark.

What if | spill some of the acid as | am fixing the sample?

As part of the fixing process, acid crystals or liquid are added to the sample. The addition of
the acid will dissolve the flocculate. You can spill a few acid crystals and not have to start
over—but you should be sure to clean up the spill (see Chapter 7). If a few grains of acid do
not go into the solution and all the flocculate 1s dissolved, you may continue the titration.

Sometimes after | add the acid, some brown “dots” remain. Is this 0K?

The brown particles should be dissolved before you continue the test. Try shaking the sample
bottle again. If this doesn’t work, add one more drop of acid. You may occasionally find that
organic material or sediment in the sample will not dissolve. This will not affect the test results.

What if my sample is colorless after it’s fixed?

This means there is no dissolved oxygen in the sample. If this happens, you might want to
test a sample that you know contains oxygen to make sure that your kit is functioning
properly. One way to do this is to intentionally introduce an air bubble into the water
sample, shake well, then fix the sample. You should see a yellow color.

When filling the syringe with the thiosulfate reagent, how far back should I pull the barrel?
The point of the black neoprene tip should be set right at zero. This 1s extremely important.
What it my syringe runs out of the sodium thiosulfate titrant?

In colder water, the amount of DO may be above 10 mg/l, so you will have to refill the
syringe. For accurate results, fill to 0 mark and add the amount titrated from second syringe-
full to the 10 from the first syringe-full.

How much starch solution should | add?

When and how much starch solution is added is not critical to the test. The important thing is
that the sample turns blue.

(Excerpted and adapted from Green, 1997, and Ellett, 1993.)
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BIOCHEMICAL OXYGEN DEMAND (BOD)

Biochemical oxygen demand measures the
amount of oxygen that microorganisms
consume while decomposing organic matter;
it also measures the chemical oxidation of
morganic matter (i.e., the extraction of
oxygen from water via chemical reaction).
The rate of oxygen consumption in an estuary
1s affected by a number of variables, including
temperature, the presence of certain kinds of
microorganisms, and the type of organic and
morganic material in the water.

The Role of Biochemical Oxygen Demand
in the Estuarine Ecosystem

BOD directly affects the amount of dissolved
oxygen in estuaries. The greater the BOD, the
more rapidly oxygen is depleted. This means
less oxygen is available to aquatic organisms.
The consequences of high BOD are the same as
those for low dissolved oxygen: many aquatic
organisms become stressed, suffocate, and die.
Examples of BOD levels are provided in Table
9-3. Sampling locations with traditionally high
BOD are often good candidates for more
frequent DO sampling.

Sampling Considerations

BOD is affected by the same factors that
affect DO. Chlorine can also affect BOD
measurements by inhibiting or killing the
microorganisms that decompose the organic
and inorganic matter in a sample. In some
water samples, chlorine will dissipate within
1-2 hours of being exposed to light. Such

Table 9-3. Significant BOD Levels (from
Campbell and Wildberger, 1992).

Type of Water BOD (mg/1)
unpolluted, natural water <5
raw sewage 150-300
wastewater treatment 8-150*
plant effluent

*Allowable level for individual treatment plant
specified in discharge permit

Sources of BOD include leaves and
woody debris; dead plants and animals;
animal waste; effluents from pulp and paper
mills, wastewater treatment plants, feedlots,
and food-processing plants; failing septic
systems; and urban stormwater runoff.
Although some waters are naturally organic-
rich, a high BOD often indicates polluted or
eutrophic waters. ll

exposure often happens during sample
handling or transport. However, if you are
sampling in heavily chlorinated waters, such
as those below the effluent discharge point
from a wastewater treatment plant, it may be
necessary to neutralize the chlorine with
sodium thiosulfate (see APHA, 1998). B
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How to Measure Biochemical Oxygen Demand

The standard BOD test is a simple means of
measuring the uptake of oxygen in a sample
over a predetermined period of time. Citizens
can easily collect the required water samples
as they monitor the water for other variables.
The BOD test does, however, demand a
several-day period of water storage in the
dark to obtain results. Test for BOD using the
following steps:

¢ (Collect two water samples from the
same place in the water column (surface
or at depth) using the water sampling
protocol described carlier for DO. Each
bottle should be labeled clearly so that
the samples will not be confused. Make
sure there 1s no contact between the
sample water and the air.

¢ Immediately measure the first sample
for DO using either a DO meter or DO
kit. Record the time of sample
collection and the water temperature.
Place the second sample in a standard
BOD bottle. The bottle should be black
to prevent photosynthesis. You can wrap
a clear bottle with black electrician’s
tape, aluminum foil, or black plastic if
you do not have a black or brown glass
bottle.

¢ Incubate the bottle of untested sample
water at 20°C and in total darkness (to
prevent photosynthesis). After 5 days of
icubation, use the same method of
testing to measure the quantity of DO in
the second sample. Because of the 5-day
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icubation, the test should be conducted
in a laboratory.

¢ The BOD is expressed in milligrams per
liter of DO using the following
equation:

BOD = DO (mg/l) of 1st bottle — DO of 2nd bottle

This represents the amount of oxygen
consumed by microorganisms to break down
the organic matter present in the sample bottle
during the incubation period.

Sometimes by the end of the 5-day
mcubation period, the DO level is zero. This
1s especially true for monitoring sites with a
lot of organic pollution (e.g., downstream of
wastewater discharges). Since it is not known
when the zero point was reached, it is not
possible to tell what the BOD level is. In this
case, it 1s necessary to collect another sample
and dilute it by a factor that results in a final
DO level of at least 2 mg/l. Special dilution
water containing the nutrients necessary for
bacterial growth should be used for the
dilutions. Some supply houses carry
premeasured nutrient “pillows™ to simplify the
process. APHA (1998) describes in detail how
to dilute a sample and conduct the BOD
analysis.

It takes some experimentation to determine
the appropriate dilution factor for a particular
sampling site. The final result is the difference
in DO between the first measurement and the
second after multiplying the second result by
the dilution factor. B
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Overview

Nutrients—especially nitrogen and phosphorus—are key water quality
parameters in estuaries. Depending on their chemical forms (or species), nitrogen
and phosphorus can have significant direct or indirect impacts on plant growth,
oxygen concentrations, water clarity, and sedimentation rates, just to name a few.
Nitrogen’s primary role in organisms is protein and DNA synthesis; plants also
use this substance in photosynthesis. Phosphorus is critical for metabolic
processes, which involve the transfer of energy. Because nitrogen and phosphorus
play such important roles in the estuarine ecosystem, it is not surprising that

volunteer groups very commonly monitor these two nutrients.

Nutrient concentrations vary according to surrounding land use, season, and
geology. This chapter discusses factors that the volunteer monitor should consider
when establishing a nutrient monitoring program. Sample monitoring instruments
and techniques are described. Finally, an additional monitoring opportunity for

volunteers—atmospheric deposition—is introduced.
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Unit One: Chemical Measures

Why Monitor Nutrients?

Nutrients are chemical substances used for
maintenance and growth that are critical for
survival. Plants require a number of
nutrients—carbon, nitrogen, phosphorus,
oxygen, silica, magnesium, potassium,
calcium, iron, zinc, and copper—to grow,
reproduce, and ward off disease. Of these
nutrients, nitrogen and phosphorus are of
particular concern in estuaries for two
reasons:

e they are two of the most important
nutrients essential for the growth of
aquatic plants; and

¢ the amount of these nutrients being
delivered to estuaries has increased
significantly.

Eutrophication is a condition in which
high nutrient concentrations stimulate ex-
cessive algal blooms, which then deplete
oxygen as they decompose (Figure 10-1).
The organic production can also lead to
sediment accumulation. Because of the
potential impacts of nutrients, citizen moni-
toring programs often focus on nitrogen and
phosphorus as indicators of estuarine health.

Estuary B

Nutrient Sources

Nitrogen and phosphorus enter estuaries
from several natural and human-made sources
(Figure 10-2). Natural sources of nitrogen and
phosphorus in the estuary include:

¢ fresh water that runs over geologic
formations rich in phosphate or nitrate;

¢ decomposing organic matter and
wildlife waste; and

¢ the extraction of nitrogen gas from the
atmosphere by some bacteria and blue-
green algae (known as nitrogen
fixation).

There are three major manmade or
anthropogenic sources of nutrients:
atmospheric deposition, surface water, and
groundwater. Atmospheric sources include
fossil fuel burning by power plants and
automobiles. Nutrients from these sources
may fall to the land or estuary either directly
or along with precipitation. Surface water
inputs include point and nonpoint source
discharges: effluent from wastewater
treatment plants, urban stormwater runoff,
lawn and agricultural fertilizer
runoff, industrial discharges, and
livestock wastes. Groundwater
sources are primarily underwater
seepage from agricultural fields
and failing septic systems.

The Role of Nutrients in the
Estuarine Ecosystem

Figures 10-3 and 10-4 illustrate
the nitrogen and phosphorus
cycles, respectively. Although
nutrients are essential for the
growth and survival of an
estuary’s plants, an excess of

nitrogen and phosphorus may
trigger a string of events that
seasonally deplete dissolved

Figure 10-1. Eutrophication. Estuary B receives more nutrient loads than Estuary A. As a
result, Estuary B experiences more plant production and organic material accumulation.
Dissolved oxygen levels are also lower in Estuary B, especially in deeper water, due to the
decomposition of organic matter. (Adapted from Cole, 1994.)

10-2
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Figure 10-2. Typical nutrient sources to an estuary.

oxygen (DO) in the water (see Chapter 9). As
stated earlier, an overabundance of such
nutrients can lead to uncontrolled growth of
phytoplankton (minute floating plants) or
algac—these are often referred to as blooms.

Water clouded by thick patches of these tiny
plants does not allow sunlight to penetrate to
the bottom. Submerged aquatic vegetation
(see Chapter 18) requires light for
photosynthesis; if the plants’ fronds (leaves)
are covered or if the water is too cloudy
during much of the growing season, these
plants will die.

When algae and phytoplankton die, they are
decomposed by oxygen-consuming bacteria.
Especially slow-moving waterbodies with
msufficient mixing may become hypoxic (low
in oxygen). Under the worst conditions, the
bottom waters of an estuary turn anoxic

10-3

Inorganic fertilizer
runoff

”%
/,,

Manure runoff 2%
from feedlots

Runoff from
streets,

lawns, and

construction lots

Runoff and erosion
(from cultivation,
mining, construction,
and poor land use)

(without oxygen). Excessive nutrient
concentrations have been linked to hypoxic
conditions in over 50 percent of U.S.
estuaries. Even coastal ocean areas, such as
the Gulf of Mexico, have been impacted,
endangering economically and ecologically
mmportant fisheries (USGS, 1999).

High nutrient concentrations have also been
linked to harmful or nuisance phytoplankton
blooms—such as “red tides™ and “brown
tides”—some of which produce harmful
toxins (see Chapter 19). Nutrients are also
believed to be one cause for the growth of the
potentially toxic dinoflagellate Pfiesteria,
found in estuaries along Atlantic coasts
(USGS, 1999). These events may result in
fish and shellfish kills and be harmful to
human health.
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Figure 10-3. The nitrogen cycle (adapted from USEPA, 1987).
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Figure 10-4. The phosphorus cycle (adapted from USEPA, 1987).
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Figure 10-5. Significant
levels of nutrients in
aquatic systems
(Campbell and
Wildberger, 1992).

Levels of Nutrients

Nutrient concentrations are always in flux,
responding to changes in:

e precipitation and amount of runoff;

e fertilizer or manure application rates;

+ cstuary flushing rates;

e water temperature,

¢ biological activity in the estuary; and/or

¢ the status of other water quality
parameters.

Figure 10-5 shows significant levels for
nutrients in estuarine waters.

Nutrient concentrations are usually greatest
during spring and early summer, when fertilizer
use and water flow from tributaries and
irrigation activities are high.

High nutrient concentrations can also be
detected during seasonal low-flow conditions
(USGS, 1999). During winter low-flow periods,
for example, the lack of land and aquatic plant
uptake combined with contributions from
groundwater can result in high nitrogen levels.
Nutrient levels downstream from urban areas
may also be high during low-flow periods. At
these times, contributions from point sources
can be greater relative to streamflow, and
dilution 1s less (USGS, 1999).

Nutrient levels also vary among watersheds.
Natural features (e.g., geology and soils) and
land management practices (e.g., drainage and
irrigation) can affect the movement of nitrogen
and phosphorus over land, creating local and
regional effects on estuarine water quality
(USGS, 1999).

Tidal stage may also cause fluctuations in
nutrient levels, but many volunteer programs
have found that “chasing the tides™ does not
yield enough additional information to make
the effort worthwhile. B
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Sampling Considerations

Chapter 6 summarized several factors that
should be considered when identifying
monitoring sites, where to monitor in the water
column, and when to monitor. In addition to the
considerations in Chapter 6, a few additional
ones specific to nutrient monitoring are
presented here.

When to Sample

In setting up a nutrient monitoring plan, the
program manager should ensure that the effort
will continue for several seasons. Since the
workings of an estuary are complex, a mere
year or two of nutrient data is insufficient to
capture the variability of the system. In fact, a
couple of years of unusual data may be quite
misleading and tell a story very different from
the long-term situation (note the variability in
Figure 10-6).

Volunteers should sample nutrients on a
weekly basis, although biweekly sampling will
still yield valuable information. However,
sampling at a small number of sites every week
or two cannot possibly capture the constantly
changing water quality of an entire estuary. The
key to effective nutrient monitoring is to
sample at a sufficiently frequent interval and at
enough representative sites so that the data will
account for most of the inherent variability
within the system. In temperate climates, some
programs have eliminated wintertime
measurements when aquatic plants are dormant
and the effects of nutrients are not so marked.
A few measurements during the winter,
however, will provide a baseline of nutrient
levels that can be compared to the rest of the
year’s data.

Where to Sample

If the monitoring program is designed to
pinpoint trouble spots in the estuary, the
program manager should cluster monitoring
sites where point and nonpoint sources of
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Figure 10-6. Seasonal fluctuations of nitrite and nitrate—two forms of
nitrogen—in a typical mid-Atlantic estuary.

nutrients appear to enter the water. Such sites
might include an area near the discharge pipe
of a wastewater treatment plant or adjacent to
an agricultural area where fertilizers are applied
or livestock congregate.

Because nutrient levels often vary with
depth, especially during the summer when the
estuary is well-stratified, volunteer groups may
wish to collect samples at different depths. Van
Dorn and Kemmerer samplers (see Chapter 7)
are commonly used to collect these kinds of
samples. In addition, there are several water
samplers designed primarily for collecting
samples at different depths. Appendix C
provides a list of equipment suppliers.

Special Consideration:
The Different Forms of Nutrients

Nitrogen and phosphorus come in many
different chemical forms, or species, which are
determined by a number of environmental
conditions. Measuring cach nutrient species can
help identify its source into the estuary.
Therefore, volunteer efforts to measure
different nutrient species can provide
significant information to resource managers.

10-5

Volunteer Estuary Monitoring: A Methods Manual



Chapter 10: Nutrients

Table 10-1. Examples of nitrogen species and notes about potential sources
(adapted from Phinmey, 1999).

Nitrogen Species

Notes About Possible Species Sources

Nitrate (NO3"),
Nitrite (NO7") and
NOx (“nox™)

¢ Make up 70 percent of total nitrogen inputs
from groundwater to smaller watersheds in
the Chesapeake Bay

e Make up approximately 15 percent of total
nitrogen found in agricultural fertilizers

e NO; is generally a short-lived nitrogen
species that is measured in low oxygen
environments

¢ NOy from fossil fuel burning makes up at
least 25 percent of atmospheric nitrogen
mputs into coastal waters (Paerl and
Whiteall, 1999)

Ammonium (NH4")
and unionized
ammonia (NH3)

e Make up 5.8 percent of total nitrogen in
lawn fertilizer

e Make up 20 percent of total nitrogen in
agricultural fertilizers

¢ Primary nitrogen component from animal
feedlot operations (AFOs)

Urea (an organic
form of nitrogen)

e Makes up 12 percent of total nitrogen in
lawn fertilizer

e Makes up 38-45 percent of total nitrogen in
agricultural fertilizers

Nitrogen Forms and Impacts

Although nitrogen makes up about 80 percent
of the earth’s atmosphere, it is inaccessible to
most terrestrial and aquatic organisms. Some
types of bacteria and blue-green algae,
however, can “fix” nitrogen gas, converting it
to an inorganic nitrogen form—thereby making
it available to other organisms.

In the estuary, nitrogen exists in a variety of
chemical (e.g., ammonium, nitrate, and nitrite)
and particulate and dissolved organic forms
(e.g., living and dead organisms). Table 10-1
summarizes information about different
nitrogen species and their connection to
surrounding land activities.

The quantity and form of nitrogen in the
water can also closely relate to dissolved
oxygen levels. Bacteria are able to convert

Unit One: Chemical Measures

nitrogen into different nitrogen species and
gain energy from the process. Through
nitrification, some bacteria transform
ammonium into nitrite and then to nitrate. This
biological process consumes oxygen. When
nitrification is inhibited by low dissolved
oxygen conditions, ammonia or nitrite forms
of nitrogen may accumulate.

Through denitrification, bacteria convert
nitrate to nitrite and then to nitrogen gas. This
process occurs under anoxic conditions and
helps rid the system of excess nitrogen.

Nitrate and urea are highly soluble in water,
a characteristic which facilitates their transport
to the estuary by runoff. Ammonium is also
soluble in water; 1t can be transformed to
ammonia in low oxygen environments and
escape to the atmosphere. All of these nitrogen
species promote phytoplankton, algae, and
bacterial blooms (Phinney, 1999). Certain
nitrogen species can have other adverse
impacts. At high concentrations, nitrates are
toxic to eelgrass, and ammonia is toxic to fish
(Maine DEP, 1996).

Phosphorus Forms and Impacts

Phosphorus also exists in the water in
several forms: organic phosphate,
orthophosphate (inorganic, dissolved
phosphorus), total phosphorus (dissolved and
particulate), and polyphosphate (from
detergents). Orthophosphate in the water
comes from fertilizers and is the form
commonly measured. Organic phosphate
results from plant and animal waste.
Decomposition of dead plants and animals
also adds organic phosphorus to the water. In
general, excess phosphates can enter an
estuary from water treatment plants, sewage,
soils, agricultural fields, animal feedlot
operations, and lawns.

Many phosphorus species attach to soil
particles and are, therefore, transported to the
estuary with eroded soil. Especially high
phosphorus loads are often delivered during
periods of high runoff from storms or
irrigation activities.

Under oxygenated conditions, phosphate will
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form chemical complexes with minerals such as
ron, aluminum, and manganese and fall to the
bottom sediments. In cases when this nutrient is
found mostly in sediments, water column
concentrations may not provide a full picture of
nutrient loads and impacts. If the bottom water
i an estuary has no oxygen, however,
phosphate bound to the sediments is released
back into the water. This release can fuel yet
another round of phytoplankton blooms.

Choosing a Sampling Method

A dilemma arises for program managers
when deciding upon the appropriate method
for measuring nutrient levels in an estuary. On
one hand, kits for nitrogen and phosphorus
can be imprecise; on the other, submitting
prepared samples for lab analysis is costly and
time consuming. Program managers
frequently arrange to have a college or
professional lab donate its time and facilities
to the volunteer effort.

If the data are intended to supplement state or
federal efforts, it 1s wise to confer with the
agency beforehand to determine an acceptable
monitoring method. Whatever sampling method
1s chosen, program managers should
periodically compare the citizen monitoring
data to duplicate samples analyzed by another
method under laboratory conditions.

The following sections provide an overview
of possible nutrient analysis methods, along
with each method’s advantages and pitfalls.

Test Kits

Several companies manufacture kits for
analyzing the various forms of nitrogen and
phosphorus. While the kits are not precise or
accurate when nutrient levels are low, the
manager may choose to use them when deemed
appropriate given the program’s data objectives.
The kits rely on a color comparison in which
the volunteer matches the color of a prepared
water sample to one in a set of provided
standards. The subjectivity of each volunteer’s
decision as well as ambient light levels will
mfluence the results to some degree.

Kits are suitable for identifying major
nutrient sources, such as wastewater and
animal feedlots, where levels are generally
higher than the surface water in the estuary.
Areas where concentrations routinely exceed
concentrations of 1 mg/l are good candidates
for kit analysis.

While the kits are generally easy to use,
many state and federal agencies will reject
nutrient data derived from their use because
of their imprecision and subjective nature. In
some cases, data that are collected from the
use of kits may be helpful as a screening tool.

Spectrophotometer

A spectrophotometer measures the quantity
of a chemical based on its characteristic
absorption spectrum. This is accomplished
by comparing the collected sample to a
reference sample, also called a standard.
Spectrophotometers are generally quite
accurate although the instruments are
expensive to purchase and maintain. Programs
with ample funds for equipment may want to
consider purchasing this reliable instrument,
which costs from $1,000 to $6,000. Because
reagents and standards are required, the
volunteer program will have an added
expense of a few hundred dollars.

The instrument requires proper maintenance
and precise calibration; therefore, the program
manager or someone familiar with this
equipment must oversee its care and use.

Colorimeter

A colorimeter compares the intensity of
color between the sample and a standard in
order to measure the quantity of a compound
in the sample solution.

Cheaper than a spectrophotometer, electric
colorimeters offer citizen programs a
reasonably priced alternative. They are quite
accurate, fairly easy to use, and can provide
direct meter readout. Colorimeters range in
price from $250 to $2,000.

Like the spectrophotometer, this instrument
can be used for forms of both nitrogen and
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phosphorus. The colorimeter is a more
affordable alternative for those programs that
prefer a method less costly than the
spectrophotometer and more accurate than the
kits.

Similar to a spectrophotometer, a
colorimeter requires standard maintenance
and reagents, which must be purchased on a
regular basis. The colorimeter provides
accurate data only when properly maintained
and precisely calibrated by a professional.

Laboratory Analysis

Analysis of nutrients by a professional
laboratory is by far the most accurate means
of obtaining nutrient data. Most laboratorics
mstitute strict quality assurance and quality

How to Monitor Nutrients

General procedures for collecting and
analyzing samples for nutrients are presented in
this section for guidance only; they do not
apply to all sampling methods. Monitors
should consult with the instructions that
come with their sampling and analyzing
instruments. Those who are interested in
submitting data to water quality agencies
should also consult with the agencies to
determine acceptable equipment, methods,
quality control measures, and data quality
objectives (see Chapter 5).

Before proceeding to the monitoring site and
collecting samples, volunteers should review the
topics addressed in Chapter 7. It is critical to
confirm the monitoring site, date, and time; have
the necessary monitoring equipment and person-
al gear; and understand all safety considerations.
Once at the monitoring site, volunteers should
record general site observations, as discussed in
Chapter 7. A visual assessment of phytoplankton
density is particularly recommended to aid nutri-
ent data interpretation—nutrient concentrations

control methods to ensure consistently reliable
results. A college or professional lab may
offer its services free of charge to the
volunteer program.

If the program decides to use lab analysis,
it must ensure that its volunteers adhere to
strict guidelines while collecting samples.
Sloppy field collection techniques will result
in poor data no matter how sophisticated the
lab may be. B

Reminder!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Gontrol and
Assessment” in Chapter 5 for defails.

m a water sample may be low because phyto-
plankton are utilizing the nutrients.

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site when sampling for nutrients:

Procedure A—Equipment for test kit analysis

e fully stocked nitrogen and phosphorus
kits, with instructions for use;

e clean polypropylene sample bottles or
scintillation vials (60 ml) (see Chapter 7
for details on cleaning reusable sampling
containers);

o water sampler (if collecting samples from
other than the surface); and

e appropriate type of equipment and water
for making sample dilutions.
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Procedure B—Equipment for preparing sample
for laboratory analysis

e clean polypropylene sample bottles or
scintillation vials (60 mg/l) (see Chapter 7
for details on cleaning reusable sampling
containers);

e filter assembly and supporting equipment
(many laboratories require filtered
samples);

o water sampler (if collecting samples from
other than the surface);

« ice cooler with ice packs to keep samples
cool and in darkness; and

» properly labeled preservation chemicals.

Sampling Hint:

If using a boat to reach the sampling location,
make sure that it is securely anchored. It is
best not to bring up the anchor until the
sampling is completed since mud (with
associated nutrients) may become stirred into
the water.

STEP 2: Collect the water sample.

Volunteers must follow strict guidelines to
prevent contamination of the sample. For
example, it is preferable to use a standard
sampling bottle rather than a simple bucket
since a washed and capped bottle is less likely
to become contaminated than an open
container.

Chapter 7 reviews general information about
collecting a water sample using a bottle or
Whirl-pak bag. Volunteers using bottles should
be sure to:

¢ Rinse the bottle by pushing it into the
water in a forward motion, holding the
container by the bottom. This technique
will keep water contaminated by skin oils
and dirt from entering the mouth. Fill the
bottle a quarter full and swish the water
around the inside, making sure to cover
all inside surfaces. Pour out the water on
the down-current side of the boat and

away from the actual sampling site. Rinse
the cap as well.

 After rinsing, push the bottle back into
the water in the same manner to collect a
sample for analysis.

¢ Fill the bottle to the shoulder, leaving an
airspace. Cap the bottle.

e [f the samples are not to be measured that
day, they should be preserved according
to the requirements specified by the test
kit manufacturer, laboratory conducting
the analysis, water quality agency, etc.
The preservation technique may vary
according to the type of nutrient and the
method by which it is measured.

¢ Store the contamer in a cold, dark ice
chest to minimize bacterial activity and
phytoplankton growth.

+ Filtered samples may require a
polypropylene syringe and filter that can
be screwed on. Bottle rinsing should be
done with filtered water before the final
sample is added.

NOTE: Volunteers using test kits may prefer to
place the kit's test tube or bottle directly into the

water to collect the sample. Fyedroppers are
helpful in filling the test tube to the marked line.

STEP 3: Measure nutrients or prepare
sample for laboratory analysis.

Procedure A—Elements of test kit analysis

e Conduct the test as soon as possible after
collecting the water sample. As the
sample sits, organisms living in the water
will use up nutrients, changing the
nutrient concentrations in the water.

e Before starting the analysis, double-check
that the bottles, test tube or sample bottle,
and any other equipment that will come
in contact with the sample are clean.
Reagents should be maintained at about
20°C to yield the best results.

e Make sure the sample water is well
mixed.
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¢ Follow the protocol for each nutrient type
as outlined in the instructions
accompanying the kit.

¢ Immediately record the results on the data
sheet.

Procedure B—Prepare sample for laboratory
analysis

Volunteers may need to filter the sample,
depending on the nutrient species being
analyzed. This activity removes the particulate
nutrient fraction from the dissolved fraction.
Individual laboratories may require different
filtering techniques; therefore, volunteer groups
should consult with their laboratory to
determine how samples should be filtered.

STEP 4: Clean up and send off data.

Volunteers should thoroughly clean all
equipment, whether using the test kit or the lab

Warning!

preparation method. Follow laboratory or test
kit instructions for cleaning. Allow the
equipment to air dry before storing it. If
volunteers used the filtration technique, they
should detach the filter unit from the syringe,
unscrew 1it, and clean all parts. The paper filter
can be thrown away.

Properly dispose of wastes generated during
the performance of tests (see Chapter 7).

Make sure that the data sheet is complete and
accurate. Volunteers should make a copy of the
completed data sheet before sending it to the
project manager in case the original data sheet
becomes lost.

After preserving the samples, follow
laboratory guidelines for packing and shipping
them to the analytical lab. This step should be
done as soon as possible.

The interpretation of nutrient concentration data must be done with care. While high nutrient levels
suggest the potential for explosive algal growth, low levels do not necessarily mean the estuary is
receiving less nutrient input. Large quantities of nutrients may flow into the estuary and be quickly
taken up by phytoplankton. Zooplankton, in turn, graze upon the phytoplankton. Phosphorus may
also bind with minerals in the sediment, which settle to the bottom, but may be reintroduced to

the water column under low oxygen conditions.

In this scenario, although water nutrient concentration is low, the quantity of nutrients tied up in
sediment and biomass (living matter) is high. Chlorophyll analysis is needed to quantify the
phytoplankton biomass and interpret the low nutrient concentrations.
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Special Topic: Atmospheric Deposition of Nutrients

Over the past 30 years, scientists have
collected a large amount of convincing
mformation demonstrating that air pollutants
can be deposited on land and water, sometimes
at great distances from their original sources.
Atmospheric deposition, then, can be an
important contributor to declining estuarine
water quality.

What Is Atmospheric Deposition and How
Does It Occur?

Nitrogen pollutants released into the air are

carried by wind away from their place of origin.

These pollutants come from manmade sources
such as fossil fuel burning, industrial processes,
cars and other forms of transportation, fertilizer,
and the volatilization of animal wastes. Air
deposition can also come from natural sources
of emissions.

Atmospheric deposition occurs when
pollutants in the air fall on the land or water.
Pollution deposited in snow, fog, or rain is
called wet deposition, while the deposition of
pollutants as dry particles or gases is called dry
deposition. Air pollution can be deposited into
waterbodies either directly from the air onto the
surface of the water or through indirect
deposition, where the pollutants settle on the
land and are then carried into a waterbody by
runoff.

How Much Water Pollution from Nutrients
Is Atmospheric?

Nitrogen is one of the most common air
deposition pollutants, especially in the eastern
United States. Since 1940, human activity has
doubled the rate of nitrogen cycling through the

Table 10-2. Estimated sources of nitrogen in the
Chesapeake Bay (Alliance for the Chesapeake Bay, 1997).

Waterborne point sources (e.g., 25%
mdustry, sewage treatment plants,
etc.)

Runoff from land" (e.g., farms, 50%
lawns, city streets, golf courses,
etc.)

Air sources” (e.g., electric power 25%
plants, vehicles, municipal waste
combustors, etc.)

*This estimate of air sources includes indirect air
deposition that reaches the bay as runoff from forests,
streets, farmland, and anywhere else it is deposited.

global atmosphere, and the rate is accelerating
(Vitousek et al., 1997). Depending on the
waterbody and watershed being considered, it is
estimated that roughly a quarter of the nitrogen
in an estuary comes from air sources (Paerl and
Whiteall, 1999). Table 10-2 shows estimated
nitrogen sources in the Chesapeake Bay
watershed.

In the Chesapeake Bay region, it is estimated
that 37 percent of the nitrogen entering the bay
from air sources comes from electric utilities;
35 percent from cars and trucks; 6 percent
from industry and other large sources of fossil
fuel-fired boilers; and 21 percent from other
sources such as ships, airplanes, lawnmowers,
construction equipment, and trains (Alliance for
the Chesapeake Bay, 1997).

Some other estuaries have also attempted to
estimate how much of the nitrogen in their
water comes from air sources, including both
direct and mdirect deposition (see Table 10-3).
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Table 10-3. Amount and percentage of nitrogen entering the estuarine systems due to atmospheric deposition

(NEP Web site).

Bay or Estuary Million Tons of Nitrogen % of Total Nitrogen
Albemarle-Pamlico Sounds 9 38-44
Delaware Bay 8 15
Delaware Inland Bays* - 21

Long Island Sound 12 20
Massachusetts Bays* - 5-27
Narragansett Bay* 0.6 12
Sarasota Bay* - 2

Tampa Bay* 1.1 28

* Indicates measurement of divect deposition to water surface only.

What Can Volunteers Do?

Presently, atmospheric deposition monitoring
by volunteers is in its early stages. One
potential procedure that may interest volunteer
groups 1s a passive sampler that measures
ammonia concentrations (Greening, 1999). The
samplers are small disks that are set out for
several days (up to one week), collected, and
then sent to a laboratory for analysis.

The procedure is still being developed
and refined.

Another way volunteers can assist with
atmospheric deposition monitoring is to
measure rainfall. Rainfall measurements in
watershed sub-basins are critical in determining
the contribution of wet deposition to estuarine
nutrient concentrations. Precipitation
monitoring can also be instrumental in

determining potential causes for other pollutants

(e.g., sediments).

Steps for Monitoring Precipitation

¢ Place a rain gauge in an open arca away
from interference from overhead
obstructions and more than one meter
above the ground (see Chapter 7). Avoid
obstructions making angles greater than
45° from the top of the gauge.

¢ Check the gauge after cach rainfall,
record the amount of precipitation and the
time of measurement, and then empty the
gauge. If the gauge sits after a rainfall,
evaporation can falsify the measurement.

¢ Make sure that the data sheet is complete
and accurate. Volunteers should make a
copy of the completed data sheet before
sending it to the project manager in case
the original data sheet becomes lost. B
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Unit One: Chemical Measures Lhapter T1: pH and Alkalinity

Overview

This chapter discusses two additional chemical parameters of estuaries that are
monitored to increase our understanding of the water’s health: pH and alkalinity.
Since the pH of water is critical to the survival of most aquatic plants and animals,
monitoring pH values is an important part of nearly every water quality
monitoring program. The testing is quick and easy and can establish a valuable
baseline of information so that unanticipated water quality changes can be better

understood.

Testing water samples for total alkalinity measures the capacity of the water to
neutralize acids. This test is important in determining the estuary’s ability to

neutralize acidic pollution from rainfall or wastewater.

Every estuary is part of the carbon cycle. Carbon moves from the atmosphere
mto plant and animal tissue, and into water bodies. Alkalinity, acidity, carbon
dioxide (CO,), pH, total inorganic carbon, and hardness are all related and are part
of the inorganic carbon complex. There are fascinating interrelationships among
these factors. For example, the amount of carbon dioxide in the water affects (and

1s affected by) the pH and photosynthesis.

11-1
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Why Monitor pH and Alkalinity?

Routine monitoring of a waterbody should
provide baseline information about normal pH
and alkalinity values. Unanticipated decreases
in pH could be indications of acid rain, runoff
from acidic soils, or contamination by
agricultural chemicals. Values of pH outside
the expected range of 5.0 to 10.0 should be

PH

pH is a measure of how acidic or basic (alka-
line) a solution is. It measures the hydrogen ion
(H™") activity in a solution, and is expressed as a
negative logarithm. The pH measurements are
given on a scale of 0.0 to 14.0 (Figure 11-1).
Pure water has a pH of 7.0 and is neutral,
water measuring under 7.0 is acidic; and that
above 7.0 is alkaline or basic. Most estuarine
organisms prefer conditions with pH values
ranging from about 6.5 to 8.5.

Values of pH are based on the logarithmic
scale, meaning that for each 1.0 change of pH,
acidity or alkalinity changes by a factor of ten;
that is, a pH of 5.0 is ten times more acidic than
6.0 and 100 times more acidic than 7.0. When
the hydrogen and hydroxyl ions are present in
equal number (the neutral point), the pH of the
solution is 7.

The Role of pH in the Estuarine Ecosystem

Water’s pH is affected by the minerals dis-
solved m the water, acrosols and dust from the
air, and human-made wastes as well as by
plants and animals through photosynthesis and
respiration. Human activities that cause signifi-
cant, short-term fluctuations in pH or long-term
acidification of a waterbody are exceedingly
harmful. For instance, algal blooms that are
often initiated by an overload of nutrients can
cause pH to fluctuate dramatically over a few-
hour period, greatly stressing local organisms.
Acid precipitation in the upper freshwater
reaches of an estuary can diminish the survival

considered as indications of industrial
pollution or some cataclysmic event.
Likewise, a long-term database on alkalinity
values provides researchers with the ability to
detect trends in the chemical makeup of
estuary waters. ll

rate of eggs deposited there by spawning fish.
Several other factors also determine the pH
of the water, including:

e Dbacterial activity;
¢ water turbulence;

¢ chemical constituents in runoff flowing
mto the waterbody;

+ sewage overflows; and

¢ impacts from other human activities both
mn and outside the drainage basin (e.g.,
acid drainage from coal mines, accidental
spills, and acid precipitation).

Estuarine pH levels generally average from
7.0 to 7.5 in the fresher sections, to between 8.0
and 8.6 in the more saline areas. The slightly
alkaline pH of seawater is due to the natural
buffering from carbonate and bicarbonate dis-
solved in the water.

The pH of water is critical to the survival of
most aquatic plants and animals. Many species
have trouble surviving if pH levels drop under
5.0 or rise above 9.0. Changes in pH can alter
other aspects of the water’s chemistry, usually
to the detriment of native species. Even small
shifts in the water’s pH can affect the solubility
of some metals such as iron and copper. Such
changes can influence aquatic life indirectly; if
the pH levels are lowered, toxic metals in the
estuary’s sediment can be resuspended in the
water column. This can have impacts on many
aquatic species. See Chapter 12 for more infor-
mation on toxins. l
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Sampling Considerations

Chapter 6 summarized several factors that
should be considered when determining moni-
toring sites, where to monitor, and when to
monitor. In addition to the considerations in
Chapter 6, a few additional ones specific to
monitoring pH are presented here.

When to Sample

It 1s well-established that levels of pH fluctu-
ate throughout the day and season, and a single
pH measure during the day may not draw a
very accurate picture of long-term pH condi-
tions in the estuary. Photosynthesis by aquatic
plants removes carbon dioxide from the water;
this significantly increases pH. A pH reading
taken at dawn in an area with many aquatic
plants will be different from a reading taken six
hours later when the plants are photosynthesiz-
mg. Likewise, in waters with plant life (includ-
ing planktonic algac), an increase in pH can be
expected during the growing season. For these
reasons, it 1s important to monitor pH values at
the same time of day if you wish to compare
your data with previous readings. It is also
important to monitor pH values over a long
period of time to provide useful data. The
actual time to measure pH will depend on local
conditions and the monitoring goals of the
volunteer program.

Choosing a Sampling Method

The pH test is one of the most common
analyses done in volunteer estuary monitoring
programs. In general, citizen programs use one
of two methods to measure pH: (1) the colori-
metric method or (2) electronic meters. Both
require that measurements be taken in the field,
since the pH of a water sample can change
quickly due to biological and chemical process-
es.

Color comparator (also called “colorimetric™)
field kits are easy to use, inexpensive, and suffi-
ciently accurate to satisfy the needs of most
programs. The colorimetric method can also be
used with an electronic colorimeter. If very pre-

cise measures are 14 Lye, sodium hydroxide (NaOH)
required, more Oven cleaners {
expensive elec- 13
tronic pH meters - Bleach
provide extreme- 12
ly accurate read- @
ings. Test paper 1-{ = | Ammonia
strips to obtain =
pH are unsuit- 10 — Milk of Magnesia,
able for use in soap solutions
estuarine waters 9
sincg they do. not | Baking soda
provide consis- g - | Sea water
tent measure- = | Blood
ments in salt . 7 B | Distilled water
water. The fol- Sahva{ =2 L Water
lowing sections 6
describe the use — Rain water, urine
of the two com- 5 - Boric acid, black coffee
mon methods.
Colorimetric 4 o — Tomatoes, grapes
Method =] , ,
3 « |- Vinegar, wine, soft drinks, beer,
Colorimetric orange juice, some acid rain
means ‘“‘to mea- Stomach acid < 2 | L Lemon juice
sure color.” In a
colorimetric test 1
method, reagents - Battery acid
are added to a 0

water sample,

and a reaction occurs which produces a color.
The color can be measured visually or electron-
ically. This method is not suitable for water
containing colored materials such as dissolved
organic compounds or excessive algae. For
water samples that are colored, a meter is sug-
gested.

Visual Method to Measure Color

Figure 11-1. pH range
scale.

Field kits cover a range of pH values. They
cost between $15 and $50, depending on the
range of pH values to be tested. These kits
come with several color standards built into a
plastic housing unit or printed on a card. After
adding reagents according to the instructions,
the volunteer compares the color in the test tube
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with the standards to determine the pH value. If
the general pH values of the estuary are known,
pick a kit that includes these values within its
range of sensitivity. Some programs prefer to
use a wide-range kit that covers pH values from
3.0 to 10.0 until the measured range of values
for that waterbody has been established. After
determining the actual range over several sea-
sons, switch to a narrower range kit for greater
accuracy. Make sure kits have been checked
against pH standards.

Electronic Method to Measure Color

An electronic colorimeter measures the
amount of light that travels through the reacted
sample and converts the measurement to an
analog or digital reading (LaMotte, 1999). A
reagent is added to the water sample in a test
tube, which 1s then inserted into the colorimeter
for analysis. Usually electronic colorimeters are
capable of testing multiple water quality para-

pH Calibration Standards

meters.

pH Meters

Although more expensive than the colorimet-
ric field kits, pH meters give extremely accurate
readings of a wide range of pH values. The
more economical pH testers cost about $40.
Some more expensive meters ($75 - $750) also
will display the water temperature, and some
meters have cables so that you can obtain read-
ings throughout the water column. Unlike the
colorimetric method, meters can be used even if
the water is clouded or colored. B

Helpful Hint:

If your water quality monitoring program
plans to collect data on alkalinity, pH meters
with built-in temperature sensors are
required rather than the colorimetric kits.

Whether you use a field kit, pH meter, or colorimeter unit, calibration standards (also called
“buffer solutions™) are employed to ensure that your equipment is accurate. The standards most
commonly used are pH 4.00 (or 4.01), pH 7.00, and pH 10.00. They are available in liquid or
powder form (the powder is added to demineralized or deionized water). These pH standards
cost from $3 to $25 each, depending on the quantity of calibrations you will be conducting.

Following is information regarding buffers:

¢ Because buffer pH values change with temperature, the buffer solutions should be at
room temperature when you calibrate the meter. Usually you can calibrate your pH
equipment at home, a few hours before using it. Check manufacturer’s instructions.

¢ Do not use a buffer after its expiration date.

¢ Always cap the buffers during storage to prevent contamination.

¢ Do not reuse buffer solutions!
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How to Measure pH Values

General procedures for measuring pH are
presented in this section for guidance only;
they do not apply to all sampling methods.
Monitors should consult with the
instructions that come with their sampling
and analyzing instruments. Those who are
interested in submitting data to water
quality agencies should also consult with
the agencies to determine acceptable
equipment, methods, quality control
measures, and data quality objectives (see
Chapter 5).

Before proceeding to the monitoring site
and collecting samples, volunteers should
review the topics addressed in Chapter 7. It is
critical to confirm the monitoring site, date,
and time; have the necessary monitoring
equipment and personal gear; and understand
all safety considerations. Once at the
monitoring site, volunteers should record
general site observations, as discussed in
Chapter 7.

Reminder!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Control and
Assessment” in Chapter 5 for details.

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site for each sampling session:

¢ pH colorimetric field kit; or

¢ pH meter with built-in temperature
sensor; or

¢ colorimeter unit with reagents.

11-5

STEP 2: Collect the sample.

If you are using the
colorimetric method to measure
pH, you can fill the test tube by
lowering it into the water. If
using a meter, you can
sometimes put the meter directly
i the water—you don’t need to
collect a sample. But if
monitoring from a dock or boat,
you will need to collect a water
sample using screw-cap bottles,
Whirl-pak bags, or water
samplers. Refer to Chapter 7 for
details.

Voelunteer using a color comparator,
or colorimetric field kit (photo by
K. Register).

STEP 3: Measure pH values.
Colorimetric Method

The colorimetric methods (both visual and
electronic meter) use indicators that change
color according to the pH of the solution.
Follow the directions in your colorimetric kit.

Since the test tube for the colorimetric tests
1s small, a clean eyedropper is useful as you
fill the tube with the correct amount of sample
water. With colorimetric kits, you add a
chemical or two (reagents) to your water
sample, and compare the resulting color of the
water sample to the color standards of known
pH values. With the field kits, which use
visual assessments, it is helpful to place white
paper in the background of the tube to
emphasize any color differences, especially if
the sample’s color is faint. Record the pH value
of the standard that most closely matches the
color of the sample. If the sample hue is
between two standards, check your program’s
quality assurance project plan (QAPP)

(see Chapter 5). Some QAPPs require you
to average the values of the two closest
standards, and record this number as the pH.
Other plans require you to select the closest
value, and do not allow you to average the
values.
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pH Meter

Consistent calibration of equipment will
ensure that high quality data are collected. The
pH meter should be calibrated prior to sample
analysis and after every 25 samples according
to the instructions in the meter manual. Use
two pH standard buffer solutions (see the box,
“pH Calibration Standards,” page 11-4). After
calibration, place the electrode into the water
sample and record the pH. The glass electrode
on these meters must be carefully rinsed with
deionized water after each use to ensure
accurate results in the future.

TOTAL ALKALINITY

Alkalinity (also known as “buffer capacity™)
1s a measure of the capacity of water to
neutralize acids. Alkaline compounds such as
bicarbonates, carbonates, and hydroxides,
remove hydrogen ions and lower the acidity
of the water (thereby increasing pH). They
usually do this by combining with the
hydrogen ions to make new compounds.

Alkalinity 1s influenced by rocks and soils,
salts, certain plant activities, and certain
industrial wastewater discharges. Some water
can test on the acid side of the pH scale and
still rank high in alkalinity! This means that,
while the water might be acidic, it still has a
capacity to buffer, or neutralize, acids.

Total alkalinity is measured by measuring
the amount of acid (e.g., sulfuric acid) needed
to bring the sample to a pH of 4.2. At this pH,
all the alkaline compounds in the sample are
“used up.” The result is reported as milli-
grams per liter of calcium carbonate (mg/1
CaCOy).

STEP 4: Clean up and send off data.

Volunteers should thoroughly clean
all equipment.

Make sure that the data sheet is complete,
legible, and accurate, and that it accounts for
all samples. Volunteers should make a copy of
the completed data sheet before sending it to
the designated person or agency in case the
original data sheet becomes lost. l

The Role of Alkalinity in the Estuarine
Ecosystem

Measuring alkalinity is important in
determining the estuary’s ability to neutralize
acidic pollution from rainfall or wastewater.
Without this acid-neutralizing capacity, any
acid added to a body of water would cause an
immediate change in pH. This buffering
capacity of water, or its ability to resist pH
change, is critical to aquatic life. The
estuary’s capacity to neutralize acids will vary
between the freshwater reaches of the estuary
and the portions with higher salinity.

Total Alkalinity Levels in Estuaries

Total alkalinity of seawater averages 116
mg/l and is greater than fresh water, which
can have a total alkalinity of 30 to 90 mg/l,
depending on the watershed. The brackish
waters of an estuary will have total alkalinity
between these values. B
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Choosing a Sampling Method

For total alkalinity, a double endpoint
titration using a pH meter and a digital titrator
1s recommended. This can be done in the field
or in the lab. If you plan to analyze alkalinity
m the field, it is recommended that you use a
digital titrator. Another method for analyzing
alkalinity uses a buret. For volunteer programs,
using a digital titrator is recommended over the
buret, because digital titrators are portable,
economical, take less time, and have easy-to-
read endpoints (results).

Digital Titrator

This method mvolves titration, the addition
of small, precise quantities of sulfuric acid
(the reagent) to the sample until the sample
reaches a certain pH (the endpoint). The
amount of acid used corresponds to the total
alkalinity of the sample.

How to Measure Alkalinity

General procedures for measuring alkalinity
are presented in this section for guidance
only; they do not apply to all sampling
methods. Monitors should consult with the
instructions that come with their sampling
and analyzing instruments. Those who are
interested in submitting data to water
quality agencies should also consult with
the agencies to determine acceptable
equipment, methods, quality control
measures, and data quality objectives (see
Chapter 5).

Before proceeding to the monitoring site
and collecting samples, volunteers should
review the topics addressed in Chapter 7. It is
critical to confirm the monitoring site, date,
and time; have the necessary monitoring
equipment and personal gear; and understand
all safety considerations. Once at the
monitoring site, volunteers should record

Chapter 11: pH and Alkalinity

Digital titrators have counters that display
numbers. A plunger is forced into a cartridge
containing the reagent by turning a knob on
the titrator. As the knob turns, the counter
changes in proportion to the amount of
reagent used. Alkalinity is then calculated
based on the amount used. Digital titrators
cost approximately $100; the reagents
(chemicals) to conduct total alkalinity tests
cost about $36. Additionally, alkalinity
standards are needed for accuracy checks (see
the box, “Alkalinity Calibration Standards,”
page 11-9).

Reminder!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Control and
Assessment” in Chapter 5 for details.

general site observations, as discussed in
Chapter 7.

The alkalinity method described below
(using a digital titrator) was developed by the
Acid Rain Monitoring Project of the University
of Massachusetts Water Resources Research
Center (River Watch Network, 1992).

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site for each sampling session:

¢ digital titrator;
¢ 100-ml graduated cylinder;
e 250-ml beaker;

¢ pH meter with built-in temperature
sensor;
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 recagent (sulfuric acid titration cartridge,
0.16 N);

* standard alkalinity ampules, 0.500 N,
for accuracy check; and

¢ bottle with deionized water to rinse pH
meter electrode.

STEP 2: Collect the sample.

If you plan to analyze a water sample in the
lab for alkalinity, then follow these collection
and storage steps:

e Use 100 ml plastic or glass bottles.

¢ Label the bottle with site name, date,
time, data collector, and analysis to be
performed.

e Wearing gloves, plunge the bottle into the
water. Fill the bottle completely and cap
tightly.

¢ Avoid excessive agitation and prolonged
exposure to air.

¢ Place the bottle in the cooler. Samples
should be analyzed as soon as possible,
but can be stored at least 24 hours by
cooling to 4°C (39°F) or below. NOTE:
Samples should be warmed to room tem-
perature before analyzing (Hach, 1997).

STEP 3: Measure total alkalinity.

Alkalinity 1s usually measured using sulfuric
acid with a digital titrator. Follow the steps
below in the field or lab. Remember to wear
latex or rubber gloves.

Add sulfuric acid to the water sample in mea-
sured amounts until the three main alkaline
compounds (bicarbonate, carbonate, and
hydroxide) are converted to carbonic acid. At
pH 10, hydroxide (if present) reacts to form
water. At pH 8.3, carbonate is converted to
bicarbonate. At pH 4.5, all carbonate and bicar-
bonate are converted to carbonic acid. Below
this pH, the water is unable to neutralize the sul-
furic acid and there is a lincar relationship
between the amount of sulfuric acid added to the
sample and the change in the pH of the sample.
So, more sulfuric acid is added to the sample to

reduce the pH by exactly 0.3 pH units (which
corresponds to an exact doubling of the pH) to a
pH of 4.2. However, the exact pH at which the
conversion of these bases might have happened,
or total alkalinity, is still unknown.

Arriving at total alkalinity requires an equa-
tion (given below) to extrapolate back to the
amount of sulfuric acid that was added to actu-
ally convert all the bases to carbonic acid. A
multiplier (0.1) then converts this to total alka-
linity as mg/l of calcium carbonate (CaCOs). To
determine the alkalinity of your sample, follow
these steps:

¢ Samples should be warmed to room tem-
perature before analyzing.

e Insert a clean delivery tube into the 0.16N
sulfuric acid titration cartridge and attach
the cartridge to the titrator body:.

¢ Hold the titrator, with the cartridge tip
pointing up, over a sink or waste bottle.
Turn the delivery knob to gject air and a
few drops of titrant. Reset the counter to
0 and wipe the tip.

¢ Measure the pH of the sample using a pH
meter. If it 1s less than 4.5, skip to step 3a,
page 11-9.

e Insert the delivery tube into the beaker
containing the sample. Turn the delivery
knob while magnetically stirring the
beaker until the pH meter reads 4.5.
Record the number of digits used to
achieve this pH. Do not reset the counter.

« Continue titrating to a pH of 4.2 and
record the number of digits.

« Apply the following equation:
Alkalinity (as mg/l CaCQy) = (2a - b) x 0.1
Where:

a = digits of titrant to reach pH 4.5

b = digits of titrant to reach pH 4.2
(including digits required to get
to pH 4.5)

0.1 = digit multiplier for a 0.16 titration
cartridge and a 100 ml sample
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Example:
Initial pH of sample is 6.5.
It takes 108 turns to get to a pH of 4.5.

It takes another 5 turns to get to pH 4.2,
for a total of 113 tums.

Alkalinity = [(2 x 108) - 113] x 0.1
=10.3 mg/l

Record alkalinity as mg/l CaCO3 on the
data sheet.

Rinse the beaker with distilled water
before the next sample.

STEP 3a:

If the pH of your water sample, prior
fo titration, is less than 4.5, proceed as follows:

e Insert the delivery tube into the
beaker containing the sample.

Turn the delivery knob while swirling
the beaker until the pH meter reads
exactly 0.3 pH units less than the initial
pH of the sample.

Record the number of digits used to
achieve this pH.

Apply the equation as before, but a=0
and b = the number of digits required to

reduce the initial pH exactly 0.3 pH units.

Example:
Initial pH of sample is 4.3.

Titrate to a pH of 0.3 units less than the
mitial pH; in this case, 4.0.

It takes 10 digits to get to 4.0.

Enter this i the 4.2 column on the data

sheet and note that the pH endpoint is 4.0.

Alkalinity = (0-10)x 0.1

=-1.0
Record alkalinity as mg/l CaCO3 on the
data sheet.
Rinse the beaker with distilled water
before the next sample.

Note on Data Sheet for Alkalinity

Data sheets should be specialized depending on which methods
your program uses to measure each parameter—and this is true
for alkalinity, too. With the method described in this manual, your
worksheet should include places for volunteers to record the
results of the various steps described.

Alkalinity Calibration Standards

You will need to do an accuracy check on your alkalinity test
equipment before the first field sample is titrated, again about
halfway through the ficld samples, and at the final field sample. For
this, you will need an alkalinity standard. Often, these come in pre-
measured glass ampules. To use, break off the tip of the glass
ampule and pour the liquid into a beaker. Then, follow the directions
found under “Step 4: Perform an accuracy check.” The price for the
alkalinity standards is about $23 for 20 2-ml ampules.

STEP 4: Perform an accuracy check.

This accuracy check should be performed
on the first field sample titrated, again about
halfway through the field samples, and at the
final field sample. Check the pH meter
against pH 7.00 and 4.00 buffers after every
10 samples.

e Snap the neck off an alkalinity ampule
standard, 0.500 N; or, if using a standard
solution from a bottle, pour a few milli-
liters of the standard into a clean beaker.

¢ Pipet 0.1 ml of the standard to the titrated
sample (see above). Resume titration
back to the pH 4.2 endpoint. Record the
number of digits needed.

¢ Repeat using two more additions of 0.1
ml of standard. Titrate to the pH 4.2 after
each addition. Each 0.1 ml addition of
standard should require 250 additional
digits of 0.16 N titrant.

11-9
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STEP 5: Return the field data sheets Make sure that the data sheets are complete,

and/or samples to the lab. legible, and accurate, and that they account for
all samples. Volunteers should make a copy of

the completed data sheets before sending
them to the designated person or agency in
case the original data sheet becomes lost. B

Volunteers should thoroughly clean all
equipment and transport the samples to the
designated lab. Alkalinity samples must be
analyzed within 24 hours of their collection. If
the samples cannot be analyzed in the field,
keep the samples on ice and take them to the
lab or drop-off point as soon as possible.
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Overview

Smce industrialization in the late 1940s and 1950s, the amount of contaminants and
toxic substances put into estuaries has greatly increased. These contaminants include
heavy metals (such as mercury, lead, cadmium, zinc, chrommum, and copper) and syn-
thetic (manmade) organic compounds such as polycyche aromatic hydrocarbons
(PAHs), polychlonnated biphenyls (PCBs), pesticides (e.g.. dichlorodiphenyl-
trichloroethane—DDT), and human sewage. Many of these toxins such as PCBs and
DDT do not degrade for hundreds of vears and can concentrate in the sediment and in
the tissues of local aquatic animals. Sources of toxins into estuaries include industrial
discharges:; runoff from lawns, streets, and farmlands; and discharges from sewage
treatment plants. The estuary’s own sediment can also serve as a source, as sediment
contains years of toxic deposits. Other toxic substances are deposited mnto estuaries
from the atmosphere. Mercury vapor and lead particles from mdustrial sources enter
estuaries from the atmosphere as rain, snow, or dry particles. All toxins can affect an
estuary’s biological structure and populations. Humans, in turn, can be harmed by
consuming bottom-dwelling organisms such as shellfish that are exposed to contami-

nated sediment as well as through exposure to contaminated water.

Testing for many of these toxins requires specialized equipment and expertise
bevond the means of most volunteer monitoring programs. Nonetheless, it is impor-
tant to understand the sources of toxins and the role they play in estuaries. Volunteers
can provide valuable assistance with research projects by providing local knowledge
of a watershed and potential sources of toxic compounds and by collecting fish and

mvertcbrates for laboratory analysis.

This chapter reviews some of the toxic substances found in our nation’s estuaring
ecosystems, especially heavy metals, pesticides, PCBs, and PAHs, and mtroduces

some testing techmques for toxins.
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Toxins in Estuaries

There are two general classes of toxic
pollutants found in estuaries—metals and
organic compounds. Toxic metals include
mercury, lead, cadmium, chromium, and
copper. Some of these metals (e.g., copper)
are required in small concentrations for
metabolic processes but are toxic at higher
levels. Organic compounds of interest include
PAHSs and several synthetic ones that are no
longer produced, such as PCBs and DDT
(USEPA, 1996). Other organic toxins of
concern are biotoxins that are produced by
harmful algal blooms (see Chapter 19). This
chapter focuses on the more traditional
organic compounds.

Sources of toxic substances include surface
water from municipal and industrial
discharges, runoff (e.g., from lawns, streets,
and farmlands), and atmospheric deposition.

Lifespan of Toxins

How long pollutants remain in estuaries
depends on the nature of the compound. Some
pollutants bind to particles and settle, while

Why Monitor Toxins?

Monitoring for the presence of toxins
provides information on possible effects to an
estuary’s community structure and
populations. Human health is another
important reason for monitoring. Bottom-
dwelling organisms, like shellfish, can
accumulate these metals and chemicals in
their tissues, making them a potential risk to
human health when consumed. When high
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others remain water soluble. Another factor is
the flushing rate within the estuary. Many
pollutants, including DDT and PCBs, have
been banned in the United States since the
1970s, but are very chemically stable and
persist in benthic sediment long after the
pollution source has abated. B

Toxicity

Toxins can affect the animals in an
estuarine ecosystem through acute or
chronic toxicity. Organisms suffer acute
toxicity when exposure levels result in
death within 96 hours. Lethal doses differ
for each toxin and species, and are
mfluenced by the potency and concen-
tration of the toxin. Chronic toxicity—
also referred to as sub-lethal toxicity—
does not result in death (at exposures of at
least 96 hours), but can cause impairment
to aquatic animals, organ damage and
failure, gastro-intestinal damage, and can
affect growth and reproduction.

concentrations of chemical contaminants are
found in local fish and wildlife, state officials
issue consumption advisories for the general
population as well as for sensitive
subpopulations such as pregnant women.
Advisories include recommendations to limit
or avoid consumption of certain fish and
wildlife species from specific bodies of
water. l
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Accumulation and Amplification
of Toxins—Definitions

Biological accumulation
(bioaccumulation)—The uptake and
storage of chemicals (¢.g., DDT, PCBs)
from the environment by animals and
plants. Uptake can occur through feeding
or direct absorption from water or
sediments.

Biological amplification (also called
bioamplification, biomagnification or
bioconcentration)—The concentration of a
substance as it “moves up” the food chain
from one consumer to another (Figure
12-1). The concentration of chemical
contaminants (e.g., DDT, PCBs, methyl
mercury) progressively increases from the
bottom of the food chain (e.g., phyto-
plankton, zooplankton) to the top of the
food chain (e.g., fish-eating birds such as
cormorants).

Toxin in
fish-eating —
birds

Toxin in
large fish

Toxin in small fish —

Toxin in plankton ——

Toxin in water

Chapter 12: Toxins

Figure 12-1. Biological amplification. Chemical concentrations progressively

increase from lower to upper levels of the food chain.

The Role of Toxins in the Estuary Ecosystem

Though there are many toxic substances
found in our nation’s estuarine ecosystems,
the categories of biggest concern are: heavy
metals, pesticides, PCBs, and PAHs (USEPA,
1996).

Heavy Metals

Some toxic metals, such as copper and zinc,
are needed in trace amounts for metabolism
but are toxic in higher levels. Others, such as
mercury, lead, chromium, and cadmium, have
no known metabolic function. Their presence
may prompt state officials to restrict water
use, close shellfish waters, or issue fish
consumption advisories. Generally, the three
metals most closely monitored are mercury,
copper, and lead because of their adverse
effects on human health.

Mercury

Mercury is distributed throughout the
environment from natural sources and from
human activities. Sources of mercury from
human activities (also called anthropogenic
sources) include solid waste incineration and
coal combustion facilities for electricity.
Together, they contribute approximately 87
percent of the emissions of mercury in the
United States. Other sources of mercury
mclude municipal wastewater treatment plants
and mining and industrial sources, such as
smelting, pulp mills, paper mills, leather
tanning, electroplating, chemical
manufacturing, and cement production. In
addition, mercury is deposited in surface
waters through runoff from its natural
occurrence in rocks and soils as well as from
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Toxins in the water can
make estuaries and
other waterbodies
unsdfe for fishing or
swimming (photo by

R. Ohrel).

¥ 7% atmospheric deposition of

volatile compounds from
wetlands (USEPA, 1999c¢).

CONTAMINATED FISH & SHELLFISH

FOR YOUR HEALTH &
DO NOT EAT %

Methylmercury is the
chemical form or “species”
that bioaccumulates in the
tissue of animals and
bioamplifies in food chains.
Mercury poisoning through
consumption of
methylmercury-
contaminated food results in
such adverse central nervous system effects as
impairment to peripheral vision and mental
capabilities, loss of feeling, and—at high
doses—seizures, severe neurological
mmpairment, and death. Methylmercury has also
been shown to be a developmental toxicant,
causing subtle to severe neurological effects in
children.

Methylmercury makes up 90-100 percent of
the mercury found in most adult fish. It binds to
proteins and is found primarily in fish muscle
(fillets). Concentrations of total mercury in fish
are approximately 10,000 to 100,000 times
higher than the concentrations of total mercury
found 1n the surrounding waters.

Mercury contamination is one of the leading
reasons that fish consumption advisories are
issued in the United States. These advisories
inform the public that concentrations of
mercury have been found in local fish at levels
of public health concem. State advisories
recommend either limiting or avoiding
consumption of certain fish from specific
waterbodies (USEPA, 1999¢).

Lead

Lead is used by the ton in products such as
batteries, ammunition, solder, pipes, and in
building construction. Lead poisoning is
associated with kidney damage, anemia, and
damage to the central nervous system. Of
greatest concern are the dangers of lead
poisoning to children, who can suffer
permanent physical and mental impairments.

Cadmium

Cadmium is another heavy metal of concern
because it can cause kidney and bone damage
to people who suffer long-term chronic
exposure to it. Sources of cadmium into the
environment from human activities are mainly
from the mining, extraction, and processing of
copper, lead, and zinc. Other sources can
mclude solid waste incineration, reprocessing
of galvanized metal, and sewage sludge.
Cadmium can also be found m some batteries,
fertilizers, tires, and many industrial processes.

Copper

Copper is an essential nutrient, required by
the body in very small amounts. However, the
U.S. Environmental Protection Agency has
found copper to potentially cause stomach and
mtestinal distress, liver and kidney damage,
and anemia, depending on the level and term
of exposure. Persons with certain discases
may be more sensitive than others to the
effects of copper contamination.

Copper releases to land and water are
primarily from smelting industries. Municipal
mcineration may also produce copper. Copper
is also widely used in household plumbing
materials.

Chromium

Depending on the level and term of
exposure, chromium has the potential to cause
skin irritation, ulcers, dermatitis, or damage to
liver, kidney, circulatory, and nerve tissues.

Though widely distributed in soils and
plants, chromium is rare in natural waters.
The two largest sources of chromium
emission in the atmosphere are chemical
manufacturing industries and natural gas, oil,
and coal combustion. Chromium may also
reach waterways via:

¢ road dust;
e cement-producing plants;

¢ the wearing down of asbestos brake
linings from automobiles or similar
asbestos sources;
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e municipal refuse and sewage sludge
mcineration;

e automotive catalytic converter exhaust;

e cmissions from cooling towers that use
chromium compounds as rust inhibitors;

» waste waters from electroplating, leather
tanning, and textile industries; and

¢ solid wastes from chemical
manufacture.

Pesticides

Another major category of toxins in
estuaries is pesticides. Most of them will
break down into nontoxic chemicals within a
few days of application. Others are banned
because they can persist for decades.
Pesticides are developed to eliminate pests
such as weeds (herbicides), insects
(insecticides), rodents (rodenticides), fungi
(fungicides), and other organisms that are
considered undesirable.

Two of the more persistent pesticides are
DDT and its breakdown product and closely
related compound, DDD (dichlorodiphe-
nyldichlorocthane). They are both in a class of
pesticides called organochlorines. These
pesticides destroy living cells and affect the
nervous system of organisms. DDT is a highly
toxic, broad-spectrum poison that is capable
of killing many different species. It was used
extensively in the 1940s, 1950s, and 1960s
because it was cheap to produce, effective,
and not harmful to humans. For these reasons,
it continues to be used in developing countries
to eradicate the mosquito that transmits
malaria. DDT was banned in the U.S. in 1972
because of its effects on wildlife, but it
continues to be measured in sediment and in
aquatic animals. In fact, buried sediments may
be a large and continuing source of DDT
compounds due to mixing processes such as
flooding, dredging activities, and the
disturbing of sediment by animals (called
bioturbation), as well as other mechanisms.
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Polychlorinated Biphenyls (PCBs) and
Polycyclic Aromatic Hydrocarbons (PAHS)

PCBs are another class of banned synthetic
organic chemicals comprising 209 individual
chlorinated biphenyl compounds. Similar to
DDT, PCBs are resistant to biological and
chemical degradation and can persist in the
environment for decades. There are no known
natural sources of PCBs. Millions of metric
tons of PCBs were used as solvents and in the
electronic industry as insulators for
transformers. Most PCBs are soluble in fats;
therefore, they accumulate in the tissues of
animals. Once incorporated into an animal’s
fat, PCBs will stay there and cannot be
excreted. They are rapidly accumulated by
aquatic organisms, becoming amplified in the
food chain when animals eat PCB-contami-
nated organisms. PCB concentrations in fish
at the top of the food chain can be 2,000 to
more than a million times higher than the
concentrations found in the surrounding
waters (USEPA, 1999d).

While the manufacture and use of PCBs
have been banned in the U.S. since 1976, the
sediment of many estuaries can have high
levels of PCB contamination, and PCBs can
continue to enter estuaries from leaking
shoreside landfills or from improper disposal.
PCBs in the sediment can reenter the water
column though natural processes and dredging
activities. Although PCBs are declining in the
environment, health concerns are still
warranted.

Recent findings indicate that susceptible
populations (e.g., certain ethnic groups, sport
anglers, the elderly, pregnant women,
children, fetuses, and nursing infants)
continue to be exposed to PCBs via fish and
wildlife consumption (USEPA, 1999d).

Exposure to PCB compounds involves
different levels of harmful risks. There is
much interest in determining if PCBs are
endocrine disrupters—chemicals that can
mimic, block, or otherwise disrupt the body’s
hormones. Some have been shown to act as
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hormone disrupters in wildlife and possibly in
laboratory animals. Human health studies
indicate that eating fish containing PCBs can
lead to significant health consequences
mcluding:

e reproductive dysfunction;

¢ deficiencies in neurobehavioral and
developmental behavior, especially in
newborns and school-aged children;

¢ other systemic effects (e.g., liver
disease, diabetes, effects on the thyroid
and immune systems); and

« increased cancer risks (e.g., non-
Hodgkin’s lymphoma) (USEPA, 1999d).

Polycyclic aromatic hydrocarbons, PAHs,
are the byproducts of oil burning. They are
carcinogenic (cancer causing) and mutagenic
(change cell growth). They are also produced
by burning coal and wood. They enter
estuaries from leaking gas storage tanks, road
runoff, sewage plants, industrial and
municipal discharges, oil spills, and bilge
water discharges. Creosote applied to wharf
pilings also contains PAHs.

Other Notable Toxins

In addition to the toxins discussed above,
there are many others that enter estuaries and
affect their wildlife. Some of these include:

Dioxin

Dioxin, a byproduct of bleaching paper with
chlorine, is associated with birth defects in
humans. Chlorine combines with lignins

(natural binders of wood fiber) to produce
dioxin.

Tributyltin (TBT)

TBT, an antifouling paint additive used on
boats and in marinas, is a fat-loving
compound (lipophilic) that accumulates in the
tissue of animals, and amplifies in the food
chain. Contributions of TBT arise almost
exclusively from anti-fouling bottom paints
that are applied to boat hulls to retard the
growth of barnacles and other fouling
organisms. The greatest release of trace
metals occurs when the paint is fresh or after
hull cleaning when new layers of paint are
exposed. Over the last few years, increasing
regulation and controls have attempted to
reduce emissions from this source to estuary
waters. For example, TBT can no longer be
used on small craft, but is used on ocean-
bound tankers. Nonetheless, while the use of
TBT is restricted, it is still in use and
accumulates in harbor sediments.

Household chemicals, paints, cleaning
chemicals, efc.

There are tens of thousands of chemicals
used in industrial processes and in our homes.
Little is known about their effects on aquatic
life, how concentrated they are in estuaries,
how long they persist in aquatic environments,
or their interaction with each other. B

Some Toxins Are from
Biological Processes

Excessive algae growth can result in brown
and red tides and other harmful blooms.
Harmful algal blooms excrete biotoxins
that can be hazardous to shellfish, fish, and
humans. See Chapter 19 for more
mformation.
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Sampling Considerations

Toxic metal and organic pollutants are
found in low concentrations in water—on the
order of parts-per-billion and parts-per-trillion
levels. But concentrations in the sediment are
higher and range in the parts-per-million and
parts-per-billion levels. Because of these low
levels, collecting water and sediment samples
for toxin analysis involves a high degree of
rigor and training to limit inadvertent
contamination of the sample. Sources of
contamination include the polyethylene bottle,
as well as the handling of the bottle. Unless
there is a clear justification and rigorous
oversight, volunteer monitoring programs
are discouraged from collecting samples for
toxin analysis. However, it is important that
volunteer programs understand the general
process of sampling for toxins and testing
their impact.

Testing for the presence of toxic substances
(metals and toxic chemical compounds) in
estuary water and sediment usually requires a
laboratory with expensive equipment, such as
a mass spectrometer, high performance liquid
chromatography, or atomic absorption
spectrophotometer. Some toxins are in minute
quantities and require a concentration step,
such as organic extractions, to be analyzed.

One method scientists use to analyze the
effects of a toxic substance on living
organisms is called a bioassay, or biological
assay. A bioassay is a controlled experiment
using a change in biological activity as a
qualitative or quantitative means of analyzing
a material response to a pollutant. Depending
on the test, microorganisms, planktonic
animals, or live fish can be used as test
organisms.

Scientists also look for biochemical
indicators of contaminants by studying
animals called biomarkers. They look for
DNA damage in blood cells and the presence
of stress proteins, which are produced in
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response to a wide variety of contaminants,
mcluding trace metals and organic pollutants.
Volunteers may be able to assist with
collecting fish and invertebrates to be used in
the chemical analysis of tissue, or under a
very high degree of training assist with the
collection of sediment and water samples to
be tested for toxicity. In some cases,
volunteers collect shellfish and send them to a
laboratory for tissue analysis. See Chapter 19
for more information.

Volunteer water quality monitoring
programs interested in monitoring for toxins
are recommended to work with a local college
or laboratory which has the necessary
equipment and knowledge. Any such study
should carefully follow established protocols
for analysis and testing (see, for example,
APHA, 1998).

Volunteers can also assist with a field
survey to identify potential sources of toxins
mn an estuary. See Chapter 7 for more
mformation on field observations.

It should be noted that conventional toxicity
tests and chemical analyses are rarely
sufficient to identify the cause or sources of
toxicity. Multiple contaminants are usually
present in a toxic sample, and many of the
contaminants may be at elevated
concentrations. There are other important
factors that influence toxicity, such as
sediment organic carbon content or the size of
sand grains.

Field test kits are available for some of the
heavy metals and other pollutants that can be
used in preliminary measurements. For
example, one kit measures copper in estuaries
that may exist as a soluble salt or as
suspended solids. Test kits are also available
for zinc, chlorine, chromate, iron, chloride,
silica, and cyanide. Field test kits vary greatly
in their detectable range and cost between $15
and $450. &
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Atmospheric Deposition of Toxins

Over the past 30 years,
scientists have collected
a large amount of
convincing information
demonstrating that air
pollutants can be
deposited on land and
water—sometimes at
| great distances from their
original sources—and
can contribute to

Pollutants released declining estuarine water quality. This is
into the air can be called atmospheric deposition. Pollutants
introduced to the . . . .
estuary through released into the air are carried by wind
atmospheric deposition

(photo by R. Ohrel).

patterns away from their place of origin.
These pollutants come from manmade or
natural sources of emissions. For example, up
to 25% of the mercury emitted worldwide is
released naturally as part of the global
mercury cycle.

Presently, atmospheric deposition
monitoring by volunteers is in its early stages.
In the future, there may be a role for
volunteers to monitor the amount of toxins
that are deposited from the atmosphere into
estuaries. See Chapter 10 for more
mformation on atmospheric deposition. l
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Unit Two: Physical Measures Ghapter 13: Temperature

Overview

Water temperature is closely connected to many biological and chemical processes
m the estuary. For this reason, and because it 1s easily measured, temperature 1s

commonly monitored by volunteer groups using thermometers or meters.

This chapter explains the significance and variability of estuarine water

temperature and provides steps for collecting temperature data.

13-1
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Why Monitor Temperature?

Temperature, probably the most easily

measured parameter, is a critical factor

influencing several aspects of the estuarine
ecosystem. It influences biological activity
and many chemical variables in the estuary.

The Role of Temperature in
the Estuarine Ecosystem

Temperature plays many roles in the

estuary. As water temperature increases, for
example, the capacity of water to hold
dissolved oxygen becomes lower. Water
temperature also influences the rate of plant
photosynthesis, the metabolic rates of aquatic
organisms, and the sensitivity of organisms to
toxic wastes, parasites, and discases (USEPA,

1997).
Many species regulate the timing of

important events, such as reproduction and
migration, according to specific water
temperatures. Optimal temperatures (which
vary with the species and their life stage)

allow organisms to function at maximum

efficiency. The slow change of temperature
that comes with the seasons permits
organisms to acclimate, whereas rapid shifts
may adversely affect plants and animals.
Temperature shifts of more than 1°-2°C can
cause thermal stress and shock (Campbell and
Wildberger, 1992). Long-term temperature
changes can affect the overall distribution and

abundance of estuarine organisms.

Sampling Considerations

Where to Sample

Because temperatures change according to

the many variables listed above, it is often
helpful to measure water temperature
throughout the water column and at different
surface locations. By collecting samples at
different depths, thermal layers within the
estuary can be determined. This information,

13-2

Throughout the winter, temperatures remain
fairly constant from top to bottom. In spring
and summer, the uppermost layer of an
estuary grows warmer and mixing between
this surface water and the cooler bottom water
slows. As air temperatures cool through the
autumn, the surface water becomes
increasingly cold and increases in density. The
surface water mass ultimately sinks when its
density becomes greater than that of the
underlying water mass. As the surface water
moves down, mixing occurs and nutrients
from the bottom are redistributed toward the
surface. This introduction of nutrients to
surface waters fuels phytoplankton growth
(see Chapters 10 and 19).

Temperature is not generally constant from
the water surface to the bottom. An estuary’s
water temperature 1s a function of:

e depth;

* season;

¢ amount of mixing due to wind, storms,
and tides;

¢ degree of stratification (layering) in the
estuary;

« temperature of water flowing in from
the tributaries; and

¢ human influences (e.g., release of urban
stormwater, warm water discharged
from power plants). B

mn turn, can be useful for analyzing other
environmental parameters.

HELPFUL HINT

Temperature can only be measured at the
monitoring site. If samples are to be taken
to a laboratory for analysis, temperature
should first be measured in the field.
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When to Sample

As with other water quality variables,
temperature should be measured at the same
location and time of day each time volunteers
collect data.

Choosing a Sampling Method

Water temperature is measured with a ther-
mometer or meter. Alcohol-filled thermometers
are less hazardous, when broken, than mercury-
filled thermometers, making them the better
option. Under field conditions, using a ther-
mometer armored in plastic or metal will mini-
mize breakage problems.

Some meters used to measure other parame-
ters, such as pH or dissolved oxygen, also mea-
sure temperature and can be used instead of a
thermometer.

Volunteer monitors usually take a single tem-
perature reading while they collect other water
quality data at their monitoring sites. While the
single reading is useful, it does not fully pro-
vide details about daily trends. Temperature
data loggers, which record data at regular inter-
vals (usually hourly), could be deployed at
selected monitoring sites. These instruments are
able to continuously record data for up to

How to Monitor Temperature

General procedures for measuring
temperature are presented in this section for
guidance only. Monitors should consult with
the instructions that come with their
sampling and analyzing instruments. Those
who are interested in submitting data to
water quality agencies should also consult
with the agencies to determine acceptable
equipment, methods, quality control
measures, and data quality objectives (see
Chapter 3).

Before proceeding to the monitoring site and
collecting samples, volunteers should review
the topics addressed in Chapter 7. It 1s critical
to confirm the monitoring site, date, and time;

months at a time. The data can then be down-
loaded directly into a computer database. As the
costs of data loggers decline, they may become
attractive options for volunteer programs. H

Thermometer Accuracy

To assure accuracy, check the thermometer
against a National Institute of Standards
and Technology (NIST) certified
thermometer at least once a year.

Confirm the thermometer’s accuracy in
several samples of water of varying
temperatures. Your county health depart-
ment or the state department of environ-
mental protection may lend an NIST
thermometer to the program for these
important periodic checks.

Reminder!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Control and
Assessment” in Chapter 5 for details.

have the necessary monitoring equipment and
personal gear; and understand all safety
considerations. Once at the monitoring site,
volunteers should record general site
observations, as discussed in Chapter 7.

STEP 1: Check equipment.

Check to make sure that no separation has
occurred in the thermometer liquid before
cach use.

If you are using a thermometer and not mea-
suring directly in the water, bring a large (at
least 2-gallon) clear container that can hold the
sample. This will facilitate thermometer reading.
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Figure 13-1. Temperature
conversion scale.
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STEP 2: Measure air temperature.

Chapter 7 specifies air temperature as one
of the general observations that should be
made at each monitoring site. Air temperature
can be measured with the same thermometer or
meter used for reading water temperature. Prior
to measuring water temperature, allow the ther-
mometer or meter to equalize with the ambient
or surrounding air temperature for three to five
minutes. Make sure the thermometer is out of
direct sunlight to avoid a false high reading.
Record the air temperature on the data sheet
before measuring the water temperature.

STEP 3: Measure water temperature.

The following section describes two proce-
dures to measure water temperature. If measur-
ing temperature in shallow water or at the sur-
face, follow Procedure A. If measuring temper-
ature from a collected water sample, follow
Procedure B.

Procedure A—Measuring temperature directly
in shallow water or at the water surface:

¢ Place the thermometer or meter probe in
the water at least 4 inches below the sur-
face or halfway to the bottom (if in very
shallow water).

¢ If using a thermometer, wait until it
reaches a stable temperature (3-5 min-
utes). If using a meter, allow it to reach a
stable reading,.

¢ If possible, read the temperature with the
thermometer bulb beneath the water sur-
face. Otherwise, quickly remove the ther-
mometer and read the temperature.
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¢ Record the temperature on the ficld data
sheet, using the scale (°C or °F) required
by the program (Figure 13-1).

e [f the meter probe has a long cable, you
may measure temperature at different
depths.

Procedure B—Measuring temperature from a
collected water sample:

¢ Make sure the sample holds at least two
gallons so that the water remains unaf-
fected by the temperature of the ther-
mometer and the air. The volunteer can
use this same sample for many other typi-
cal water quality monitoring tests.

¢ Quickly immerse the thermometer or
meter in the water sample.

e [f using a thermometer, wait until it
reaches a stable temperature (3-5 min-
utes). If using a meter, allow it to reach a
stable reading,.

e [f possible, read the temperature with the
thermometer bulb beneath the water sur-
face. Otherwise, quickly remove the ther-
mometer and read the temperature.

¢ Record the temperature on the ficld data
sheet, using the scale (°C or °F) required
by the program (Figure 13-1).

STEP 4: Clean up and send off data.

Thoroughly clean all equipment for proper
storage.

Make sure the data sheets are complete and
accurate. Volunteers should make a copy of the
completed data sheets before turning them in to
the laboratory, program manager, or designated
drop-off point. B
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Ghapter 14: Salinity

Unit Two: Physical Measures

Overview

Because of its importance to estuarine ecosystems, salinity (the amount of
dissolved salts in water) is commonly measured by volunteer monitoring
programs. This chapter discusses the role of salinity in the estuarine environment

and provides steps for measuring this water quality variable.
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Unit Two: Physical Measures

Average
Annual
Salinity

About Salinity

Salinity 1s simply a measure of the amount of
salts dissolved in water. An estuary usually
exhibits a gradual change i salinity throughout
its length, as fresh water entering the estuary
from tributaries mixes with seawater moving in
from the ocean (Figure 14-1). Salinity is usually

Non-Tidal
Fresh Water

(During
Low Flow
Conditions}

<0.5ppt

Oligohaline

=
?4 } Hith watr
)

<5.0ppt

< 18.0 ppt

Mesohaline

pa"

Polyhaline

"%

Euhaline —

< 30.0 ppt

Figure 14-1. Estuarine
salinity slowly increases
as one moves away
from freshwater sources
and toward the ocean.

OCEAN (Marine)
expressed in parts per thousand (ppt) or %w.
The fresh water from rivers has a salinity of
0.5 ppt or less. Within the estuary, salinity lev-
els are referred to as oligohaline (0.5-5.0 ppt),
mesohaline (5.0-18.0 ppt), or polyhaline (18.0-
30.0 ppt). Near the connection with the open
sea, estuarine waters may be cuhaline, where
salinity levels are the same as the ocean at more
than 30.0 ppt (Mitsch and Gosselink, 1986).
Generally, salinity increases with water depth
unless the estuarine water column is well
mixed. Salinity, along with water temperature,
1s the primary factor in determining the stratifi-
cation of an estuary. When fresh and salt water
meet, the two do not readily mix. Warm, fresh
water 1s less dense than cold, salty water and
will overlie the wedge of seawater pushing in
from the ocean. Storms, tides, and wind, how-
ever, can climinate the layering caused by salin-
ity and temperature differences by thoroughly
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mixing the two masses of water. The shape of
the estuary and the volume of river flow also
mfluence this two-layer circulation. See
Chapter 2 for more information.

Role of Salinity in the Estuarine
Ecosystem

Salinity levels control, to a large degree, the
types of plants and animals that can live in
different zones of the estuary. Freshwater
species may be restricted to the upper reaches
of the estuary, while marine species inhabit the
estuarine mouth. Some species tolerate only
mtermediate levels of salinity while broadly
adapted species can acclimate to any salinity
ranging from fresh water to scawater.

Salinity measurements may also offer clues
about estuarine areas that could become afflict-
ed by salinity-specific diseases. In the
Chesapeake and Delaware bays, for example,
pathogens infecting oysters are restricted to sec-
tions that fall within certain salinity levels.
Drastic changes in salinity, such as those due to
drought or storms, can also greatly alter the
numbers and types of animals and plants in
the estuary.

Another role played by saline water in an
estuary involves flocculation of particles.
Flocculation is the process of particles aggre-
gating into larger clumps. The particles that
enter an estuary dissolved in the fresh water of
rivers collide with the salt water, and may floc-
culate or clump together and increase turbidity
(Figure 14-2).

Salinity is often an important factor when
monitoring many key water quality variables.
For example:

¢ Most dissolved oxygen meters require
knowledge of the salinity content in
order to calibrate the meter properly.

¢ If you are interested in converting the
dissolved oxygen concentration (usually
expressed as mg/l or parts per million) to
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percent saturation (amount of oxygen in
the water compared to the maximum it
could hold at that temperature), you must
take salinity into account. As salinity
mcreases, the amount of oxygen that
water can hold decreases.

If you use a meter to measure pH, the
techniques are the same whether you
are testing salt or fresh water.
However, if you measure with an
electronic colorimeter, you must use a
correction factor (available from the
manufacturer) to compensate for the
effects of salinity. H

Sampling Considerations

Salinity will fluctuate with movement of the
tides, dilution by precipitation, and mixing of
the water by wind. There are also seasonal
differences in salinity.

Season and Weather

Environmental conditions vary with the
seasons, and salinity levels can reflect those
variations. During wet weather periods and
during the spring thaw in colder regions, more
fresh water enters the estuary, so salinity is
lower at these times. On the other hand, dry
weather periods mean less fresh water
entering the estuary, so higher salinity levels
may be found. Another way the seasons
mfluence an estuary’s salinity involves the
mixing of fresh water and salt water. Seasonal
storms help mix estuarine waters and serve to
decrease the vertical salinity and temperature
gradients in the estuary.

Choosing a Sampling Method

Salinity can be measured either by physical
or chemical methods. Physical methods use
conductivity, density, or refractivity. The
physical methods are quicker and more
convenient than the chemical methods. The
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Fresh Water

Salt Water

P
=

Figure 14-2. Turbidity increases when fresh water meets with salt water.

chemical methods determine chlorinity (the
chloride concentration), which is closely
related to salinity.

Conductivity

Conductivity is a measure of the ability of
water to pass an electrical current.
Conductivity in water is affected by the
presence of inorganic dissolved solids such as
chloride, nitrate, sulfate, and phosphate
anions (ions that carry a negative charge) or
sodium, magnesium, calcium, iron, and
aluminum cations (ions that carry a positive
charge). As the concentration of salts in the
water increases, electrical conductivity rises—
the greater the salinity, the higher the
conductivity. Organic compounds like oil,
phenol, alcohol, and sugar do not conduct
electrical current very well and, therefore,
have a low conductivity when in water.
Conductivity is also affected by temperature:
the warmer the water, the higher the
conductivity. For this reason, conductivity 1s
extrapolated to a standard temperature (25°C).

Conductivity 1s measured with a probe and
a meter. Conductivity meters require
temperature correction and accurate
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Figure 14-4. Refractometer.
Salinity can be determined
by a refractometer, which
measures the change in
direction of light as it passes
from air into water. While
not inexpensive, it is very
simple to use.

calibration can be difficult. The cost of these
meters ranges from $500 to $1,500. Voltage is
applied between two electrodes in a probe
mmmersed in the sample water. The drop in
voltage caused by the resistance of the water
is used to calculate the conductivity per
centimeter. The meter converts the probe
measurement to micromhos per centimeter
and displays the result for the user.

Some conductivity meters can also be used
to test for total dissolved solids and salinity.
The total dissolved solids concentration in
milligrams per liter (mg/l) can also be
calculated by multiplying the conductivity
result by a factor between 0.55 and 0.9, which
1s empirically determined (see APHA, 1998).

Meters should also measure temperature
and automatically compensate for temperature
in the conductivity reading. Conductivity can
be measured in the field or the lab. In most
cases, it 1s probably better if the samples are
collected in the field and taken to a lab for
testing. In this way, several teams of
volunteers can collect samples simulta-
neously. If it 1s important to test in the field,
meters designed for field use can be obtained
for around the same cost mentioned above.

Density

As water becomes saltier, its
weight increases although its
volume does not measurably
rise. Since salt water is denser
than fresh water, this change
of weight results in a greater

Specific
Gravity

045
Daylight plate

Eyepiece

specific gravity. The volunteer can calculate
salinity by measuring a water sample’s
specific gravity. This is done with a
hydrometer (Figure 14-3).

Hydrometers are a fairly simple and
mexpensive means of obtaining salinity.
Specific gravity hydrometers cost from $13 to
$25 (although professional sets can cost much
more), and a hydrometer jar costs about $13
to $15, although you can also use a large,
clear jar that is deep enough to float the
hydrometer.

Because hydrometers measure specific
gravity, the presence of suspended solids can
raise hydrometer readings and result in a
salinity measurement that is higher than the
true value. This has especially been shown in
low salinity areas (Bergstrom, 1997,
Bergstrom, 2002). Volunteer programs,
therefore, should consider their accuracy and
precision requirements before electing to use
a hydrometer.

Refractivity

Refractometers (Figure 14-4) are used to
measure substances dissolved in water, using
the principle of light refraction through
liquids. The more dissolved solids in water,
the slower light travels through it.
Refractometers measure the change in the
direction of light as it passes from air into
water. Salinity and temperature both affect
the index.

Refractometers use a scale to quantify the
effect that dissolved solids in water have on
light. Using a refractometer 1s simple. It
works with ambient light, and no batteries
are required. Such instruments cost from
$150 to $350.

Chlorinity

Salinity is related to chlorinity, and this
method calculates salinity based on the
quantity of chloride ions in the sample.
Salinity kits based on testing chloride ions
cost about $40 for 50 tests.

The chlorinity method uses titration with
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either a silver nitrate or mercuric nitrate
solution. Some kits require conversion of
chlorinity to salinity using a formula, while
others incorporate the formula and give
results directly as salinity. Whichever
chloride analysis process you select, read the
literature to determine if a conversion
formula is needed.

This method is relatively easy to use
although the color change at the endpoint is

How to Measure Salinity

General procedures for collecting and
analyzing salinity samples are presented in
this section for guidance only; they do not
apply to all sampling methods. Monitors
should consult with the instructions that
come with their sampling and analyzing
instruments. Those who are interested in
submitting data to water quality agencies
should also consult with the agencies to
determine acceptable equipment, methods,
quality control measures, and data quality
objectives (see Chapter 5).

Before proceeding to the monitoring site and
collecting samples, volunteers should review
the topics addressed in Chapter 7. It is critical
to confirm the monitoring site, date, and time;
have the necessary monitoring equipment and
personal gear; and understand all safety
considerations. Once at the monitoring site,
volunteers should record general site
observations, as discussed in Chapter 7.

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site for each sampling session:

¢ hydrometer, jar, and hydrometer
conversion table; or

e conductivity meter (plus standard to
check accuracy of meter); or

sometimes difficult to assess. A white paper
placed behind the titration bottle makes
determination of the endpoint an

casier task. l

REMINDER!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Control and
Assessment” in Chapter 5 for details.

¢ refractometer; or

o field kit to test for chloride.

STEP 2: Collect the sample.

If samples will be collected in the
field for later measurement, follow
these collection and storage steps.
See Chapter 7 for information on
cleaning and preparing bottles.

e Use 200 ml glass or
polyethylene bottles. (NOTE:
Some procedures require
smaller samples. Check with
your lab for their preferred
volume of sample water.)

o Label the bottle with site name, date,
time, data collector, and analysis to be
performed.

Using a hydrometer.
(photo by P. Bergstromy).

e Wearing latex gloves, plunge the bottle
mto the water. Fill the bottle completely
and cap tightly.

e Samples may be stored up to 7 days
before analysis (Hach, 1997).

STEP 3: Measure salinity.

The following section describes various
methods to analyze a water sample for
salinity. If analyzing salinity by using a
hydrometer, follow Procedure A. If using a
conductivity meter, use Procedure B. If using
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1.0020

Meniscus

4

a refractometer, follow
Procedure C. If using a
salinity kit based on testing
chloride ions, follow the
directions that come with

Read at /

Water Level

Figure 14-5. Reading the
hydrometer. After letting the
hydrometer stabilize, read
the specific gravity at the
point where the water level
in the jar meets the hydro-
meter scale. Do not record
the value where the menis-
cus (the upward curvature of
the water where it touches
the glass) intersects the
hydrometer (redrawn from
LaMotte, 1993).

the kit.

Procedure A—Measuring
salinity with a hydrometer

¢ Put the water sample in a hydrometer jar

or a large, clear jar.

Gently lower the hydrometer into the jar
along with a thermometer. Make sure the
hydrometer and thermometer are not
touching and that the top of the
hydrometer stem (which is not in the
water) 1s free of water drops.

Let the hydrometer stabilize and then
record the specific gravity and
temperature. Read the specific gravity (to
the fourth decimal place) at the point
where the water level in the jar meets the
hydrometer scale. Do not record the value
where the meniscus (the upward
curvature of the water where it touches
the glass) intersects the hydrometer (see
Figure 14-5).

Record the specific gravity and the
temperature on your data sheet.

Use a hydrometer conversion table that
comes with your hydrometer to determine
the salinity of the sample at the recorded
temperature. Record the salinity of the
sample on your data sheet.

Procedure B—Measuring salinity with a
conductivity meter (in field or lab)

¢ Prepare the conductivity meter for use

according to the manufacturer’s
directions.

¢ Use a conductivity standard solution

(usually potassium chloride or sodium
chloride) to calibrate the meter for the

range that you will be measuring. The
manufacturer’s directions should describe
the preparation procedures for the
standard solution.

Rinse the probe with distilled or
deionized water.

Select the appropriate range on the meter,
beginning with the highest range and
working down. Place the probe into the
sample water, and read the conductivity
of the water sample on the meter’s scale.
If the reading is in the lower 10 percent
of the range that you selected, switch to
the next lower range. If the reading is
above 10 percent on the scale, then record
this number on your data sheet.

If the conductivity of the sample exceeds
the range of the instrument, you may
dilute the sample with distilled water. Be
sure to perform the dilution according to
the manufacturer’s directions because the
dilution might not have a simple linear
relationship to the conductivity.

Rinse the probe with distilled or
deionized water and repeat the fourth step
above with the next water sample until
finished.

Procedure C—Measuring salinity with
a refractometer

14-6

Lift the lid that protects the
refractometer’s specially angled lens.

Place a few drops of your sample liquid
on the angled lens, and close the lid.

Peer through the eyepiece. Results appear
along a scale within the eyepiece.

Record the measurement on your data
sheet.

Rinse the lens with a few drops of
distilled water, and pat dry, being very
careful to not scratch the lens’ surface.
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STEP 4: Clean up and send off data.

Volunteers should thoroughly clean all all samples. Volunteers should make a copy of
equipment and transport the samples to the the completed data sheet before sending it to
designated lab, if necessary. the designated person or agency in case the

Make sure that the data sheet is complete, original data sheet becomes lost. B

legible, and accurate, and that it accounts for
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Unit Two: Physical Measures Ghapter 15: Turbidity and Total Solids

Overview

Measures of turbidity indicate how cloudy or muddy the water is or,
alternatively, the degree of its clarity or translucence. Several types of material

cause water turbidity:

¢ suspended soil particles (including clay, silt, and sand);
¢ tiny floating organisms (e.g., phytoplankton, zooplankton, and
bacterioplankton); and

¢ small fragments of dead plants.

Natural runoff, water turbulence from storms, and wave action can cause
turbidity of the water. Sediment can also be disturbed by bottom-feeding animals,
adding to the water’s turbidity. Although we often think that clean water is clear,
even unpolluted water can have suspended particles that may lessen its clarity but
do not diminish its quality. Human activities, however, exacerbate the clouding.
Sediment runoff from agricultural fields, logging activities, wash from
construction sites and urban areas, and shoreline erosion from heavy boat traffic
and jet skis, among other problems, all contribute to high turbidity. Excessive
algal growth due to the additions of nutrients into an estuary can also affect water
turbidity. High levels of turbidity over long periods of time can greatly diminish

the health and productivity of the estuarine ecosystem.

This chapter explains the role of turbidity in the estuarine ecosystem and
describes some common steps for monitoring it. The measurement of total

solids—particles suspended and dissolved in the water—is also discussed.

15-1
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Land use decisions throughout an
estuary’s watershed impact water
quality. Here, extensive erosion
near a highway adds to the
sediment entering a nearby
estuary (photo by R. Ohrel).

Unit Two: Physical Measures

Why Measure Turbidity and Total Solids?

Turbidity is a measure of water
clarity: how much the material
suspended in water decreases the
passage of light through the water.
Suspended materials include soil
particles (clay, silt, and sand), algae,
plankton, and other substances. They
are typically in the size range of 0.004
mm (clay) to 1.0 mm (sand).

Total solids refer to the matter that is
suspended or dissolved in water.
When a water sample is evaporated,
there is often a residue left in the
vessel—these are the total solids. The
solids in water have different attributes
and sizes. The suspended particles in
water can be retained on a filter with a
2 um or smaller pore size, while
dissolved solids are small enough to
pass through a filter of that size.

Turbidity and total solids can be useful
mdicators of the effects of runoff from
construction, agricultural practices, logging
activity, discharges, and other sources.
Regular monitoring can help detect trends that
might indicate increasing (or decreasing)
erosion in the estuary’s watershed.

Sources of turbidity in estuary waters
include:

¢ soil erosion from construction, forestry,
or agricultural sites;

e waste discharge;
¢ urban runoff;
e croding stream banks;

« stirred-up bottom sediments from
flooding, dredging, boating and jet-
skiing activities, or bottom-feeding
animals; and

¢ cxcessive algal growth.

Turbidity and total solids often increase
sharply during and immediately following a
rainfall, especially in developed watersheds,

which typically have relatively high
proportions of impervious surfaces such as
rooftops, parking lots, and roads. The flow of
stormwater runoff from impervious surfaces
rapidly increases stream velocity, which
increases the erosion rates of streambanks and
channels. Turbidity can also rise sharply
during dry weather if earth-disturbing
activities are occurring without erosion
control practices in place.

Sedimentation, where solids settle out of the
water column onto the estuary bottom, is a
priority concern in many estuaries, making
turbidity monitoring an important part of most
volunteer estuary water quality monitoring
programs. As one example, a study of Weeks
Bay, Alabama, found that its watershed
contributed about 22,500 tons of sediment per
year to the bay as a result of agricultural field
runoff (Baldwin County, 1993).

The Role of Turbidity and Total Solids in
the Estuarine Ecosystem

Highly turbid water full of suspended
material has many effects on the estuarine
environment. If an estuary is excessively
turbid over long periods, its health and
productivity can be greatly diminished.

As discussed in Chapter 9, dissolved
oxygen is a critical factor controlling
biological activity. Highly turbid water can
influence the amount of dissolved oxygen in
three ways. First, turbid waters iterfere with
light penetration in the water, thereby
reducing the amount of light reaching the
bottom, making it less suitable for plant
growth. Because there are fewer aquatic
plants—and therefore less photosynthesis
taking place—less dissolved oxygen 1s
produced. Dissolved oxygen concentrations
are also influenced by high turbidity and its
relationship to water temperature. Suspended
particles absorb heat, which causes water
temperature to increase. Because warm water
holds less dissolved oxygen than cold water,
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this temperature increase causes a reduction in
dissolved oxygen concentrations. High
turbidity may also be caused by high levels of
dead organic matter, called detritus. Detritus
can include leaves, twigs and other plant and
animal wastes. As these materials are
decomposed by bacteria, oxygen can be
depleted.

Some of the physical effects of excessive
suspended materials include:

¢ clogged fish gills that inhibit the
exchange of oxygen and carbon dioxide;

¢ reduced resistance to disease in fish;

¢ reduced growth rates;

e altered egg and larval development;

e fouled filter-feeding systems of animals;
and

¢ hindered ability of aquatic predators
from spotting and tracking down
their prey.

Suspended materials such as sand, soil, or
silt tend to settle out faster in brackish water
than in fresh water. These particles settle to
the estuary bottom, where they smother fish

Sampling Considerations

It should be remembered that turbidity is not
a measurement of the amount of suspended
solids present or the rate of sedimentation of an
estuary—it measures only the amount of light
that 1s scattered or absorbed by suspended parti-
cles. Some laboratories also measure “total
solids’ in a waterbody, which is related to tur-
bidity. Measurement of total solids is a more
direct measure of the amount of material sus-
pended and dissolved in water.

Chapter 6 summarized several factors that
should be considered when determining moni-
toring sites, where to monitor, and when to
monitor. In addition to the considerations in
Chapter 6, a few additional ones specific to
monitoring turbidity are presented here.

eggs and bottom-dwelling animals, and alter
the habitat needed by estuary plants and
animals. For example, oysters require a hard
surface on which to attach and grow. Increas-
ed sedimentation in an estuary can cover the
available hard surfaces such as rocks and
older oyster beds, leaving oysters without the
habitat that is critical to their survival.
Another problem with sedimentation in an
estuary is that the newly settled particles may
not be the same size as the estuary’s natural
bottom sediment, causing shifts from fine to
coarser sediments (or vice versa). This change
mn sediment size can greatly affect the plants
and animals that have adapted to the estuary’s
benthic environment.

Higher concentrations of suspended solids
can serve as carriers of toxins, which readily
cling to suspended particles. This is
particularly a concern where pesticides are
being used on irrigated crops. Where solids
are high, pesticide concentrations may
mcrease well beyond those of the original
application as the irrigation water travels
down irrigation ditches and ultimately into
cstuarics.

When to Sample

In setting up a turbidity monitoring plan, the
program manager should ensure that the effort
will continue for several years. Since the work-
mngs of an estuary are complex, a mere year or
two of turbidity data is msufficient to capture
the variability of the system. In fact, a few
years of unusual data may be quite misleading
and tell a story very different than reality. On
the other hand, volunteers can detect some
sources of erosion and turbidity in just one or
two monitoring sessions.

Volunteers should sample water for turbidity
on a weekly or biweekly basis, year-round. The
key to effective turbidity monitoring is to
sample at a sufficiently frequent interval and
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at enough representative sites so that the
data will account for most of the inherent
variability within the system.

Since turbidity often increases sharply
during and immediately following a rain-
fall, volunteers may be asked to take
additional turbidity readings shortly after
the storm (as soon as it is safe to do so).
Stormwater, as it enters an estuary, often
creates a plume of highly turbid water.
This 1s because the stormwater 1s carry-
ing high levels of suspended solids due
to erosion as well as sediment from roads and
parking lots in the watershed. The extent of the
plume can usually be seen from above, as the
color of water in the plume is different from the
water in the estuary’s main body. Some volun-
teer monitoring programs include “‘stormwater

As stormwater enters

an estuary, it often
creates a plume of
highly turbid water. In
this photo, a plume of
stormwater delivers
large amounts of

dissolved and d- . . .-
es%;,-:g t;l:lsfen plume tracking™ as part of their turbidity data
estuary (photo by G. collection to assess the spatial extent of
Carver). stormwater discharges (see box, this page).

Where to Sample

If the monitoring program is designed to pin-
point trouble spots in the estuary, the manager
should select monitoring sites throughout the
estuary, as well as cluster sites near suspected

Stormwater Plume Tracking

As part of a turbidity monitoring program, volunteers can conduct
“plume tracking™ to assess the spatial extent of stormwater discharges.
By monitoring for runoff characteristics (i.e., high turbidity, low
salinity, etc.) near the mouth of a freshwater input to the estuary,
volunteers can assess how far the stormwater plume emanating from
the stream or river extends into the estuary.

An effective method to monitor a stormwater plume is to divide the
plume area mto a grid, and conduct sampling in each of the grid areas.
Sampling should extend from the area of greatest freshwater impact,
across the plume, and beyond the edge of the plume. Studying the fate
of stormwater and its effects on an estuary is an important component
to understanding the amount of material flowing into the estuary and
where stormwater material 1s deposited. With this monitoring, we can
begin to learn what residual effects the deposited material has on the
natural function of the estuary’s ecosystem. By regularly monitoring
storm plumes, volunteers can collect valuable information that can help
detect trends.

sources of turbid water into the estuary. Such
sites might include an area near a discharge
pipe or a river that flows into the estuary. Since
rivers may have multiple trouble spots, your
monitoring efforts may require several monitor-
ing sites in the rivers and tributaries.

Choosing a Sampling Method

When deciding upon the appropriate method
for measuring turbidity levels in an estuary, the
program manager must consider the cost of
equipment, the number and location of sites to
be monitored by volunteers, and the planned
uses for the collected data.

There are four commonly used methods to
measure turbidity in estuary waters. Turbidity
meters measure turbidity, while the Secchi disk,
transparency tube, and turbidity field kits mea-
sure transparency, which is an integrated mea-
sure of light scattering and absorption. Samples
can also be collected by volunteers and sent to a
lab for analysis. Monitors interested in submit-
ting data to water quality agencies should con-
sult with the agencies to determine the preferred
equipment and methods.

Secchi Disk

Most volunteer water quality monitoring pro-
grams rely on the Secchi disk because it is easy
to use, inexpensive, and relatively accurate. It is
also casy to make (sce box, page 15-5). The
Secchi disk was invented by the Italian
astronomer Pietro Angelo Secchi in the 1860s.
This simple weighted disk is used by volunteers
to measure the water depth at which the disk
just disappears from view—the Secchi depth.
Most programs find that the Secchi disk gives
sufficiently good clarity readings.

The Secchi disk is 20 centimeters (8 inches)
i diameter and divided into alternating black
and white quadrants to enhance visibility and
contrast (although some disks are totally white).
Secchi disks cost about $25 to $50 and can be
homemade.

It 1s lowered by hand into the water to the
depth at which it vanishes from sight. The dis-
tance to vanishing is then recorded, and then
the procedure is repeated so that two readings
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are obtained. The clearer the water, the greater
the distance. If you are monitoring tributaries to
the estuary, you may find a Secchi disk of limit-
ed use, however, because in many cases the
river bottom will be visible and the disk will
not reach a vanishing point.

Secchi readings will vary with the specific
estuary, location in the estuary, and season.
Water clouded with sediment after a storm or
with high levels of phytoplankton during a
warm spell will have low Secchi readings (poor
water clarity). Low productivity winter waters
or estuarine water located near the ocean will
generally register higher Secchi depths. A sig-
nificant change in Secchi depth may motivate a
monitoring program to identify possible causes.

MAKING A SECCHI DISK

WARNING!
Beware of Secchi Line Shrinkage

Over time, a Secchi disk line may begin to
shrink from regular water exposure and
subsequent drying. This can lead to errors
in Secchi depth measurements.

To minimize this problem, use a minimal-
stretch nylon cord, a vinyl-coated braided
metal-core clothesline, or other shrink-
resistant line. But no matter what material you
use, it is critical to calibrate Secchi disk lines
regularly (e.g., every six months).

A Secchi disk is one of the simpler pieces of equipment required Attach incremented rope here
for water quality testing. Although many supply companies sell
this item, volunteer programs on a tight budget can construct their Q Eye Bolt _
. . . . . Black & White
own disks (Figure 15-1). Materials needed for this project are: Lock Washer Secchi Disk
Flat Washer — Nut

e 1/8” thick steel, 1/4” Plexiglas, or 1/4” to 1/2” marine |

plywood
e drill with 3/8” inch bit

e shrink-resistant rope or cord (e.g., minimal-stretch nylon,
vinyl-coated braided metal-core clothesline)

+ cyebolt (5/167), approximately 37 to 4™ long
« flat washers, lock washers, 2 nuts (5/16)—2 of each

e attachable weights

e meter stick

¢ black and white flat enamel paint
e paintbrush

¢ marking pen

\ Flat Washer — = o ’
Weight
N Lock Washer \—E-l—‘ o S

Figure 15-1. A homemade Secchi disk.

Cut the steel, Plexiglas, or plywood into a circle with a 20-centimeter (8”) diameter. Section the disk into four quarters
and paint two opposing quarters white and the other two black. Paint the other side of the disk totally white.

After the paint has dried, drill a hole in the center of the disk. Put a nut onto the eyebolt followed by a lock washer and
flat washer. Insert the eyebolt assembly through the hole in the disk with the white and black side facing the eye of the

bolt. Place another flat washer on top of the assembly along with a sufficient number of weights (dependent on the disk
material used). Add another lock washer and nut to finish the assembly.

Attach a 6-meter length of shrink-free cord or rope through the eyebolt and fasten securely. Place the meter stick
alongside the rope and disk and mark the rope in 5- or 10-centimeter increments with an indelible marker or waterproof
mk measuring from the top of the disk. A different color marker used at each full meter increment will facilitate reading

Secchi measurements.
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A volunteer uses a

Secchi disk from the
shady side of a dock

(photo by K. Register).
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Turbidity Meter

The most accurate means of
assessing turbidity is with a turbidity
meter, called a nephelometer. A
turbidity meter consists of a light
source that illuminates a water sample
and a photoelectric cell that measures
the intensity of light scattered at a 90°
angle by the particles in the sample. It
measures turbidity in nephelometric
turbidity units or NTUs. Meters can
measure turbidity over a wide range,
from 0 to 1,000 NTUs. Measurements
can jump into hundreds of NTUs dur-
g runoff events. Therefore, the
turbidity meter to be used should be
reliable over the range in which you
will be working. Meters of this quality

-_ cost about $800. Many meters in this

price range are designed for field or lab use.

Although turbidity meters can be used in
the field, volunteers might want to collect
samples and take them to a central point for
turbidity measurements. This is because of the
expense of the meter (most programs can
afford only one and would have to pass it
along from site to site, complicating logistics
and increasing the risk of damage to the
meter) and because the meter includes glass
cells that must remain optically clear and free
of scratches. At a reasonable cost, volunteers
can also take turbidity samples to a lab for
meter analysis.

Transparency Tube

The transparency tube (sometimes called a
“turbidity tube™) is a clear, narrow plastic tube
marked in units (usually centimeters) with a
light and dark pattern painted on the bottom.
Water is poured into the tube until the pattern
disappears. Volunteers then record the depth
at which the pattern disappeared. Volunteer

groups using transparency tubes have found
tube readings to relate fairly well to lab
measurements of turbidity and total suspended
solids, although the transparency tube is not
as precise or accurate as a meter. Also,
readings in transparency tubes can be
rendered inaccurate in cases of highly colored
waters. A transparency reading taken from
one tube cannot be compared with a reading
taken from another tube of a different
manufacturer, especially if the tube 1s
homemade. Transparency tubes can be
purchased from scientific supply houses for
about $35 to $60.

Turbidity Field Kits

With these kits, turbidity is measured by
using a standardized turbidity reagent to
match the turbidity of a water sample. Drops
of the turbidity reagent arc added to a test
tube of turbidity-free water until the water in
the test tube becomes as blurred or cloudy as
the water sample from the estuary, which is in
an identical test tube. These ficld kits cost
about $40.

Laboratory Analysis

Analysis of turbidity or of total solids by a
professional laboratory is by far the most
accurate means of obtaining this data. Most
laboratories institute strict quality assurance
and quality control methods to ensure
consistently reliable results. A college or
professional lab may offer its services free of
charge to a volunteer program.

If the program decides to use lab analysis, it
must ensure that its volunteers adhere to strict
guidelines while collecting samples. Sloppy
field collection techniques will result in
poor data. H
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How to Measure Turbidity

General procedures for measuring turbidity
are presented in this section for guidance
only; they do not apply to all sampling
methods. Monitors should consult with the
instructions that come with their sampling
and analyzing instruments. Those who are
interested in submitting data to water
quality agencies should also consult with
the agencies to determine acceptable
equipment, methods, quality control
measures, and data quality objectives (see
Chapter 5).

Reminder!

To ensure consistently high quality data,
appropriate quality control measures are
necessary. See “Quality Control and
Assessment” in Chapter 5 for details.

Before proceeding to the monitoring site
and collecting samples, volunteers should
review the topics addressed in Chapter 7. It is
critical to confirm the monitoring site, date,
and time; have the necessary monitoring
equipment and personal gear; and understand
all safety considerations. Once at the
monitoring site, volunteers should record
general site observations, as discussed in
Chapter 7.

STEP 1: Check equipment.

In addition to the standard sampling
equipment and apparel listed in Chapter 7, the
volunteer should bring the following items to
the site for each sampling session:

e turbidity meter, turbidity standards, lint-
free cloth to wipe the cells of the meter;
or

¢ Secchi disk with weight attached and on a
calibrated line; or

e transparency tube; or
* turbidity test kit.

STEP 2: Monitor turbidity.

The following section describes
four ways to analyze a water
sample for turbidity. If analyzing
turbidity by Secchi disk, follow
Procedure A. If using a turbidity
meter, use Procedure B. If using a
transparency tube, follow Procedure
C. If using a turbidity field test kit,
follow Procedure D.

Procedure A—Measuring water
clarity with a Secchi disk

The key to consistent results is to
train volunteers to follow standard
sampling procedures and, if possible,
have the same individual take the
reading at the same site throughout
the season. If the conditions vary
from this ideal situation, record any

Using a transparency tube is an easy
way to meastre the water transpar-
ency. It is especially useful in water

. . that is too shallow for a Secchi disk
differences on the data sheet. The line  ppoto by K. Registj;r).

attached to the Secchi disk must be

marked according to units designated by the
volunteer program. Many programs require
volunteers to measure to the nearest 1/10 meter.
Meter intervals can be marked with waterproof
mk or tagged (e.g., with duct tape) for ease of
use. Do not wear sunglasses while viewing the
Secchi disk in the water.

The optimal conditions for recording Secchi
disk readings are:

e clear sky;

¢ sun directly overhead (but disk should
be in shade or shadow); and

¢ measurements made from the protected
side of a boat or dock with minimal
waves or ripples.

Steps for using a Secchi disk are as follows:

¢ Check to make sure that the Secchi disk
1s securely attached to the measured line.

e Tie a wrist loop at the end of the rope so
that the rope end does not accidentally
drop into the water when the disk is
lowered.
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Figure 15-2. Using a
Secchi disk to measure
transparency. The disk
is lowered until it is no
longer visible. That
point is the Secchi disk
depth (redrawn from
USEPA, 1997).
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Lean over the shady side of the boat or
dock and lower the Secchi disk by hand
mto the water, keeping your back
toward the sun to block glare. Make
sure the disk hangs horizontally when
suspended.

Lower the disk until it disappears from
view. Lower it one third of a meter and
then slowly raise the disk until it just
reappears. Move the disk up and down
until the exact vanishing point 1s found.
This is called the limit of visibility.

Attach a clothespin to the line at the
point where the line enters the water or,
if that is not possible, note carefully
where the line meets the water’s surface
(Figure 15-2). Raise the Secchi disk and
record the depth measurement on your
data sheet.

Repeat the procedure and write the
second measurement on your data sheet,
as well as the average of the two depths.

If the disk hits the bottom before
dropping out of sight, note this
observation and record the
bottom depth.

turbidity meter, the following procedure
applies to field or lab use of most
turbidity meters:

(a) Prepare the turbidity meter for use
according to the manufacturer’s
mstructions.

(b) Use the turbidity standards provided
with the meter to calibrate it. Make
sure it is reading accurately in the
range in which you will be working.

(¢c) Shake the sample vigorously and
wait until the bubbles have
disappeared. You might want to tap
the sides of the bottle gently to
accelerate the process.

(d) Use a lint-free cloth to wipe the
outside of the tube into which the
sample will be poured. Be sure not to
handle the tube below the line where
the light will pass when the tube is
placed in the meter. NOTE: If the
tube becomes scratched, it will have
to be replaced. The scratches on the
glass can affect the meter’s readings.

(e) Pour the sample water into the tube.
Wipe off any drops on the outside of
the tube.

(f) Set the meter for the appropriate

turbidity range. Place the tube in the
meter and read the turbidity
measurement directly from the

Procedure B—Measuring water turbidity with a
turbidity meter

¢ Prepare the sample containers.

If factory-sealed, disposable Whirl-pak
bags are used to sample, no preparation
1s needed. Reused sample containers

meter display.

(g) Record the result on the field or
lab sheet.

(h) Repeat steps c-g for each sample.

(and all glassware used in this procedure)
must be cleaned before the first run and
after each sampling run. Follow the
procedures described in Chapter 7.

Procedure C—Measuring water clarity with a
transparency tube

Readings in transparency tubes can be
rendered iaccurate in cases of highly colored
waters. A transparency reading taken from one
tube cannot be compared with a reading taken
from another tube of a different manufacturer,
especially if the tube i1s homemade.

¢ Collect the sample.

Refer to Chapter 7 for details on how to
collect water samples using screw-cap
bottles or Whirl-pak bags.

¢ Analyze the sample.

While monitors should consult with
the mstructions that come with their

¢ Collect the sample in a bottle or bucket
at mid-depth if possible. Avoid stagnant

15-8
Volunteer Estuary Monitoring: A Methods Manual



Unit Two: Physical Measures

water and sample as far from the
shoreline as 1s safe. Avoid collecting
sediment from the bottom.

¢ Prepare the transparency tube by placing
it on a white surface.

¢ Look vertically down the tube to see the
black and white pattern on the bottom.
Take readings in open but shaded
conditions. Avoid direct sunlight by
turning vour back to the sun.

¢ Stir or swish the water in the bucket or
bottle until it is homogeneous, taking
care not to produce air bubbles (these
will scatter light and affect the
measurement).

¢ Slowly pour the water sample into the
tube, stopping intermittently to see if the
black and white pattern has disappeared.
To avoid introducing air bubbles, pour
the water against the inside wall of the
tube.

¢ When you can no longer see the pattern,
look at the ruler on the side of the tube,
and record the number of units on your
data sheet. This 1s the depth of the water
column in the tube when the pattern just
disappears.

NOTE: Some transparency tubes have a
water-release valve at the bottom of the tube.
With these tubes, you are required to fill the
tube entirely, then open the valve while you
look down the tube. As soon as you see the
black and white pattern appear, close the
valve, and record the depth at which you first
saw the pattern.

Procedure D—Measuring water clarity with a
turbidity field kit

While monitors should consult with the
mstructions that come with their kits, the
following procedure applies to most turbidity
field kats:

¢ The kits come with two tubes, each with
a black and white pattern on the bottom.

Fill one of the two turbidity tubes to the
line indicated with the water to be
tested. This 1s usually 50 ml. If you
cannot see the black and white pattern
on the bottom of the tube when you
look down through the column, pour out
half of the water until 25 ml remains in
the test tube (or pour out the amount
stated in your kit’s instructions).

¢ Fill the second turbidity tube with
turbidity-free water that is equal to the
amount of the sample (50 or 25 ml).
Distilled or tap water can be used.

¢ Place the tubes next to each other, and
look down the tubes to note the
difference in clarity. If there is a
difference in clarity, go on to the
next step.

¢ Shake the bottle of standard turbidity
reagent, and add the reagent to the
“clear water” tube according to the kit’s
mstructions. Keep track of how much
reagent is being added. Stir the contents
of both tubes to equally distribute turbid
particles. After each addition of reagent,
compare the turbidity of the tubes.

e Continue to add the reagent and stir
both tubes until the turbidity of both test
tubes is the same.

¢ Record the total amount of turbidity
reagent added.

STEP 3: Clean up and send off dafa.

Volunteers should thoroughly clean all
equipment and transport the samples to the
designated lab, if necessary. Samples submit-
ted to a lab for analysis must be processed
within 24 hours of collection. Keep samples
i the dark and on ice or refrigerated.

Make sure that the data sheet is complete,
legible, and accurate, and that it accounts for
all samples. Volunteers should make a copy of
the completed data sheet before sending it to
the designated person or agency in case the
original data sheet becomes lost.
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How to Measure Total Solids

The measurement of total solids cannot be
done in the field. Samples must be collected
using clean glass, plastic bottles, or Whirl-pak
bags and taken to a laboratory where the test
can be run. Total solids are measured by
weighing the amount of solids present in a
known volume of sample. This is done by
weighing an empty beaker, filling it with a
known volume, evaporating the water in an
oven and completely drying the residue, and
then weighing the beaker with the residue.
The total solids concentration is equal to the
difference between the weight of the beaker
with the residue and the weight of the beaker
without it.

Total solids are measured in milligrams per
liter (mg/1). Since the residue is so light in
weight, the lab will need a balance that is
sensitive to weights in the range of 0.0001

gram. Balances of this type are called
analytical or Mettler balances, and they are
expensive (around $3,000). The technique
requires that the beakers be kept in a
desiccator, which is a sealed glass vessel
containing material that absorbs moisture and
ensures that the weighing is not biased by
water condensing on the beaker. Some
desiccants change color to indicate moisture
content.

Volunteers can collect samples for total
solids analysis using the instructions in
Chapter 7. If you are sending your samples to
a lab for analysis, they must be tested within
24 hours of collection. Keep samples in the
dark and on ice or refrigerated. Learn from
the lab what volume of water needs to be
collected. For some tests, 50 ml are needed,
while other tests require 100 ml or more. H
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Overview

Waterbodies have historically been dumping grounds for human-made debris.
Rarely can a person visit a stream, lake, river, estuary, or ocean and fail to observe
some form of trash. This debris originates from many activities, but is generally
categorized as coming from land- or ocean/inland waterway-based sources.
Regardless of its origin, however, marine debris impacts human health and safety;

poses an entanglement or ingestion threat to wildlife; and degrades critical habitats.

Volunteer groups may be attracted to marine debris monitoring because of the
pervasiveness of the problem and the ease with which marine debris pollution can
be observed. They may also choose several approaches to dealing with it. Some
organizations simply remove trash from shorelines and waterways. Others take it
one step further, collecting information about the types and amounts of debris
found. This kind of data collection may be done with different levels of scientific

rigor, depending largely on the goals of the volunteer effort.

This chapter discusses techniques for organizing a debris monitoring and cleanup

program, with emphasis on data collection and data uses.
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Why Monitor Marine Debris?

Once, our nation’s beaches
were littered only with the
likes of dry scaweed strands,
shells, plant stems, and strand-
ed jellyfish. These days, the lit-
ter 1s more likely to include
cigarette butts, grocery bags,
scraps of fishing nets, pieces of
foamed coffee cups, fast food
containers, and beverage cans
or bottles. As the coastal popu-
lation has risen and society has
turned from degradable natural
materials to synthetic ones, the trash problem
has worsened.

Of all the human-made goods produced
over the past several decades, plastics are
among the most persistent and pervasive. The
qualities that make plastic such a versatile
material for so many products can make it
harmful once it is released to the environ-
ment. Constructed to be light and durable,
plastics break down very slowly—some prod-
ucts even persisting for centuries.

Marine debris monitoring information from
volunteer organizations is important in many
ways. Data from monitoring efforts can be
used to:

Marine debris is typically comprised of
plastic, glass, rubber, metal, paper, wood,
and cloth (photo by The Ocean
Conservancy).

¢ assess debris sources;

¢ identify areas where public education and
outreach are necessary; and

e cvaluate the success of legislation enacted
against littering and ocean dumping.

Marine debris monitoring and coastal
cleanups serve three major functions. First, they
reduce the amount of litter on shorelines in an
mmmediate and visible way—an aspect most
gratifying to the volunteers. Second, with care-
ful planning, volunteers can document the
types, quantities, and possible sources of debris.
Third, the cleanup teaches the public about the
problems of marine debris and how citizens can
help. The sight of a littered beach transformed
mto a clean one makes an impression that the
community will long remember and gives the

volunteers a strong sense of pride in their
accomplishment. Grassroots educational efforts
accompanying the cleanup can help prevent
future littering.

Marine Debris Sources

As our knowledge about marine debris has
mcreased, two pathways have been shown to
contribute to the problem. These sources can be
divided into land-based and ocean/inland water-
way-based. Land-based debris consists of waste
products that have washed or blown into the
water from the land. Primary sources of land-
based debris include:

* SEWers;

¢ combined sewer overflows;

¢ illegal dumping;

¢ beachgoers who leave litter on beaches;

¢ balloon releases;

¢ disposal of industrial waste products; and

« loss from coastal solid waste management
landfills via wind.

Ocean/inland waterway-based debris items
are accidentally or deliberately discharged at
sea. Sources include:

e commercial fishing boats;

¢ recreational vessels;

* floating fish processing plants;
e cargo ships;

e passenger day boats and ferries;

« offshore oil platforms, rigs, and supply
boats;

« military vessels;
e passenger cruise ships; and
e research vessels.

For many debris items, however, it is not so
easy to identify their source—whether land or
ocean/inland waterway-based.
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Plastic Debris

Annex V of the International Convention
for the Prevention of Pollution from Ships,
commonly known as MARPOL, bans the
disposal of plastic into the world’s oceans
and establishes limits on the disposal of
other garbage. Many countries, including
the United States, have agreed to this
treaty. Over time, this agreement should
substantially reduce the load of plastics
entering the marine environment. The
United States also prohibits the disposal of
plastic into the nation’s navigable water-
ways from any vessel—ranging from the
largest tanker to an inner tube.

The Role of Marine Debris in the Estuarine
Ecosystem

A walk along any but the most pristine
coastal or estuarine shoreline will quickly
reveal an astonishing array of human-made
products. Beaches are natural accumulation
arcas for ocean- and land-based debris.
Nearshore waves tend to push marine litter
landward where it becomes stranded as high
tide recedes. Beaches are also popular
recreation areas and users often leave their
trash behind.

The many marine debris sources make it
one of the more widespread pollution
problems threatening estuarine and coastal
systems. The problem of today’s litter is not
merely aesthetic. Once litter gets into the
estuarine environment, it seriously affects
humans, wildlife, and habitats.

Human Impacts

Plastic debris (e.g., nets, fishing lines, trash
bags) can snare boat propellers or clog
cooling water intakes, causing substantial
damage to the motor. A disabled motor can
not only be costly to fix, but can leave boaters
stranded in the water—a potentially
dangerous situation.

Debris can also affect
human health. Medical
wastes menace barefoot
beachgoers and pose a
threat of contamination.
Glass or metal shards can
cause serious injuries.

Some beaches with
marine debris problems
face the possibility of
losing money. Without
regular beach cleaning—an
expensive undertaking—
many coastal communities
risk losing tourism
revenues.

Wildlife Impacts

Wildlife often fare even
worse than humans. Marine debris can
mean death to estuarine animals. One
common cause of death by marine
debris is entanglement. Many animals
can become caught in discarded
fishing nets and lines, rope, six-pack
rings, balloon ribbons, grocery bags,
and other floating debris.

Some animals die from marine
debris ingestion, mistakenly eating
the human-made materials. En-
dangered sea turtles, for example,
consume floating trash bags and
balloons, likely mistaking them for
jellyfish—a staple in most sea
turtles’ diets. Several seabird species
have been found to swallow plastic
pieces and cigarette butts. These
materials can damage the animals’ digestive
systems. Alternatively, animals may stop
cating because their stomachs are full.
Because the debris in their stomachs offers no
nutritional value, the unfortunate creatures
may eventually starve to death.

At least 267 marine species are known to
have either become entangled in or ingested
marine debris (Faris and Hart, 1995; MMC,
1997).

Wildlife entanglement is
just one of the impacts of
marine debris. Animals
caught in debris may
eventually die (photos by
The Ocean Conservancy).
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Chapter 16: Marine Debris

Unit Two: Physical Measures

Habitat Impacts

Marine debris can cause problems for the
estuary system. Debris coming from miles
away may carry with it opportunistic plants
and animals that colonize the debris” surface.
These non-indigen