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.  INTRODUCTION

The purpose of this Manual isto provide Cook Inlet Kesper volunteers with the information
needed to monitor water qudity in the Cook Inlet watershed. As human activitiesin the region
continue to expand, it isincreasingly important for us to understand the effects of such activities
on Cook Inlet's spectacular resources. This Manua will help achieve that god by giving citizensthe
tools they need to sample and test water qudlity.

This Manud provides specific step by step ingructions for dl monitoring procedures currently included
in Keeper's Citizens Environmenta Monitoring Program (CEMP). It outlines the Kegper monitoring
program, and describes the importance of water quality monitoring in generd. Safety and access issues
are addressed as well as basic water quaity monitoring strategies. The Appendices include a Satement
of our monitoring policy, aglossary of terms, alist of references for those who may want to learn more
and Materiad Safety Data Sheets (MSDS) for some of the reagents used, plus avariety of charts and
tablesto assist you in collecting data. Appendix N includesinformation on how to report pollution and
habitat degradation.

The materid in this manua was developed specificaly for use by the Cook Inlet Keeper Citizens
Environmental Monitoring Program. The Monitoring Coordinator for this program is Steve Hackett.
He can be reached at:

Cook Inlet K eeper

P.O. Box 3269

Homer, Alaska 99603
ph: (907) 235-4068

fx: (907) 235-4069
e-mail: keeper 2@xyz.net

We welcome your comments, suggestions and participation, and we thank everyone who has
volunteered their time, expertise and support. In these times of shrinking federd and state budgets,
volunteer monitoring plays an incressingly important role in collecting the data nesded to make intelligent
decisons about the future of Cook Inlet. The data we collect can be used by federd and state
agencies, locd governments, schools and businesses. Everyone involved in the Keeper's Citizens
Environmental Monitoring Program is making ared contribution toward protecting the Cook Inlet
watershed and its spectacular resources.

I, ABOUT COOK INLET KEEPER

Cook Inlet Keeper isa 501(3)(c) non-profit, member-based organization dedicated to protecting
the Cook Inlet watershed and the life it sustains. Keeper received start-up funding in fal 1995
from the settlement of a Clean Water Act lawsuit, and proceeded to implement the first
comprehensive, volunteer monitoring program in Alaska



To asss with developing and refining its Citizens Environmenta Monitoring Program, Keeper convened
aTechnical Advisory Committee (TAC), comprised of water quaity experts from across Alaska and
beyond. To trandate the recommendations of the TAC into workable implementation Strategies, the
Keeper convened a Citizens Advisory Pand (CAP), comprised of resdents of the Lower Kenai
Peninsula concerned about water quaity. See Appendix D for lists of TAC and CAP members.
Together, the TAC and the CAP have provided Keeper with invaluable input on shaping and
implementing its monitoring program.

Keeper'sinitid efforts to implement volunteer monitoring in Cook Inlet have focused on surface water
monitoring in Kachemak Bay. After refining this pilot program, Keeper will expand its efforts to include
water column, sediment and bioassessment testing throughout the entire 39,000 square mile Cook Inlet
watershed, to gain amore complete picture of the "hedth" of this remarkable ecosystem.

In addition to water quality monitoring, Keeper engages in avariety of education, computer mapping,
and advocacy activities designed to protect Cook Inlet. For more information, visit Keeper's
homepage at: www.xyz.net/~keeper, stop by the Keeper office in Homer's Lakeside Mall or contact
us at: ph: (907) 235-4068; fx: (907) 235-4069; e-mail: keeper@xyz.net.

1. WHY DO WE MONITOR WATER QUALITY?

A. THENEED FOR MONITORING

The federd Clean Water Act of 1972 states that “it is the nationa goal that the discharge of pollutants
into the navigable waters be eliminated by 1985.” Despite substantid progressin the past three
decades, we clearly have yet to meet thisimportant god. In Cook Inlet, industries, municipaities and
individuals continue to discharge greet quantities of pollution each year. Some of these pollutants can be
highly toxic to people and marine life, while other pollutants are less immediatdly harmful but nonetheless
can cause long term damage to the sengitive resources of Cook Inlet.

The sngle largest factor limiting our ability to make intelligent policy decisons on issues affecting Cook
Inlet water quality isthat we do not have sufficient information (i.e. hard deta). Although numerous
organizations — including state and federd agencies, citizens groups, universities and private industry —
have conducted a variety of tests and studiesin Cook Inlet, there remains asignificant gap in our
understanding of water qudity in thiswatershed. The reason for this gap is that no one to date has
implemented a comprehensive, continuous water quality monitoring program.

Alaska s 1996 Water Quality Assessment (305(b) Report), which is submitted every two yearsto
Congress, states.

“The vast majority of Alaska’'s watersheds, while not being monitored,
are presumed to bein relatively pristine condition...” (emphasis added).
This sweeping presumption is based partly on the fact that Alaska traditiondly has withessed small
populations of people and industry reldiveto its expandve sze. For much of Alaska s history, this




presumption may not have been far off base. But in recent years, Alaskain generd, and Cook Inletin
particular, has experienced a dramatic growth in population and its associated pressures on water
qudity and natural resources. The Cook Inlet watershed is currently home to nearly 2/3 of Alaska's
human population, and population in the areaincreased from just over 14,000 in 1950 to over 400,000
at present. We need only look at any other water body in the Lower 48 to know that increasing
populations can correlate closely with water quality degradation. Y et despite the remarkable population
increasesin the Cook Inlet watershed, there has been no comprehensive ongoing program to gether the
information needed to understand the human impacts on the region’ s spectacular resources.

Due, in part, to continuing budget cuts, the federal and state agencies charged with monitoring and
protecting water quality have found it increasingly difficult to fulfill their mandates. More and more
agencies have come to vaue the contributions of citizen based programs. That iswhy your efforts as
volunteer monitors are so important. We are beginning to collect the information needed to chart an
intelligent and sustainable course for the future of Cook Inlet. Gathering this data will not occur
overnight; rather, it will take saverd years to accumulate enough information to be able to identify the
trends that will help us shape management decisons. But the effort will be worthwhile, because we
have the opportunity to maintain the qudity of life which is so important to those who live and vigt here,

B. THEWATERSHED CONCEPT

What isa Water shed?

A watershed is the land area which drains into a common body of water. As aresult, specific
watersheds are defined by their recelving waters. The Cook Inlet watershed (i.e. the land
areawhich drains into Cook Inlet) covers over 39,000 square miles. It stretches from the tip
of the Kenai Peninsula, across the Kennedy entrance and up through the Sustna River Valey,
and includes nearly 2/3 of Alaskas population. There are numerous smaler watersheds
"nested" within the Cook Inlet watershed, such as the Kachemak Bay watershed, the Kenai
River watershed and the Ship Creek watershed. Keeper strives to address environmental
issues on a watershed-bass because natures complex physica, chemica and biologica
processes are more-readily understood using such integrated methods.

Watershed- based water quality management isjust taking hold in Alaska. Cook Inlet resource
managers and citizen groups are quickly moving toward innovative waysto look at water qudity policy.
In short, watershed-based directives take a step back from looking at pollution sources and impactsin
immediately loca areas, and strive ingtead to look at the complex ecologica, chemicd and physica
interactions of water quality dynamics from a broader, more holistic perspective. This means we must
consder the larger geographic areawhich drains potentidly polluting waters into Cook Inlet. For
example, awatershed perspective will consider not only the industrid discharge which goes directly into
Cook Inlet, but aso the septic tanks and other potentia pollution sourcesin the uplands of the Sugitna
Valey.




V. SAFETY & ACCESSISSUES

f paramount importance to the Keeper monitoring program is to ensure the safety of its
volunteers. Assuring reasonable and lega access to sampling stationsis another important

concern. Please read this section carefully and make sure you understand all the safeguards
and practices for protecting yourself and others during monitoring activities. See Appendix E for the
Keeper's mandatory ligbility release form.

A. PREPARE FOR THE ELEMENTS

Although there are hundreds of volunteer monitoring programs across the country, few if any, must
contend with the severe wesather and rough water that make Cook Inlet unique. Asaresult, CEMP
volunteers must be prepared for cold, dark and wet conditions during the winter months, and wind, rain
and extended sun during the summer months. Regardless of the season, water temperatures around
Cook Inlet rarely exceed 50° F, making it necessary to aways take care around the sampling station.
Here are afew rules which dl volunteers mugt follow:

v ALWAYSLEAVE WORD with a reliable source as to where and when you will be sampling.

v ENSURE SUFFICIENT SUPPLIES (e.g. food, water, clothes, fuel, flashlight/batteries,
cellular phone) to sustain you and other team members in the event of an emergency.

v DRESSAPPROPRIATELY FOR ALL POSSBLE WEATHER CONDITIONS. Cook Inlet is
notorious for its rugged, fast-changing weather, and volunteers should be prepared with the
necessary footwear (e.g. waterproof boots), raingear, gloves, hats, coats, long underwear,
sunblock, etc... Remember that you will be outside, remaining fairly still, for 40 to 60
minutes. You may slosh water on yourself. Layered clothing, gloves, and boots are
important in colder weather. Wool and polypropylene are the best fabrics to wear to retain
body heat when wet.

v ALWAYS SAMPLE WITH A QUALIFIED PARTNER. Volunteers are assigned to monitoring
teams and should strive to sample in groups of two or more. You will be given the names and
phone numbers of each member of your team as well a list of alternate monitors. If your
teammates are not available for a particular sampling event they are responsible for helping
you locate a qualified alternate. If no trained alternate is available, please contact the
Monitoring Coordinator for assistance.

B. PROTECT YOURSELF AND YOUR EQUIPMENT



The Keeper's water qudity monitoring kits include a number of chemica reagents which can be harmful
if improperly handled or disposed. Please follow these important rules when sampling and testing:

v

Read all instructions to re-familiarize yourself with the test procedures before you begin, and
note all precautions.

Read the label on each reagent before use. Some containers include precautionary notices or
material safety data sheets (MSDS) which provide important safety information. See
Appendix F for available MSDS information.

Avoid contact between chemicals and skin, eyes, nose and mouth.
Wear safety goggles or glasses and rubber gloves when handling chemicals.
Use test tube caps or stoppers, not your fingers, when shaking or mixing reagents.

When dispensing a chemical from a squeeze bottle, hold the bottle vertically upside-down
(not at an angle) and squeeze gently.

Rinse test tubes and other containers after use, cap all reagents tightly and wash and dry
your hands after each test session.

Wipe up any chemical spillsimmediately and dispose of chemical wastes in appropriate waste
containers at the Keeper office.

Keep all equipment and chemicals out of the reach of young children.

Avoid prolonged exposure of equipment and reagents to direct sunlight, and protect them
from extreme high and low temperatures. Check your reagent solutions for cloudiness or the
formation of precipitates. If any of your reagents appear abnormal, call (907) 235-4068 or
email keeper2@xyz.net and the Monitoring Coordinator will supply a replacement.

Postpone your sampling session until you get the new reagents.

Check your thermometers to make sure that the fluid inside has not separated, as separation
will cause inaccurate readings. If your thermometer fluid has separated, contact the
Monitoring Coordinator for a new one.

In the event of a chemical accident or suspected poisoning, immediately contact the Poison
Information Center (1-800-478-3193) and be prepared to provide the name and
identification number of the relevant chemical. Thisinformation islocated on the reagent
container.



ACCESSING THE SAMPLING STATION
1 Entering Private Property

Although the State retains ownership of marine tidelands up to the mean high tide line in most
places, ng those areas - and ng freshwater streams and creeks in the uplands -
may involve crossing private property. While access to government land (e.g. state, federd,
borough, city) typicaly is presumed, volunteer monitors must obtain express authorization from
private property ownersif the volunteer enters or crosses the property owner's land a any point
during sampling activities.

The firgt rule of monitoring on or around private property isNEVER TRESPASS. To avoid
unintended trespass, please check the land ownership maps in the Keeper office prior to
occupying your monitoring station, and obtain written authorization from property owners as
needed. See Appendix G for private property access authorization forms.

2. Safe & Sound Site Access

Westher, daylight, rugged terrain, wild and domestic animals and other access issues can impact
your sampling efforts. Although sampling stations should be sdlected in ways that promote
accesshility, sometimes the only way to get to a particular waterbody is through or over rugged
terrain. In such cases, the monitor should ensure that she/heis fully prepared - physicdly and
otherwise - to get in and out of the Site. Furthermore, because a primary purpose of the
Keeper's monitoring effortsis to promote sound stewardship practices, volunteers should
adways avoid streambank trampling or accelerating waterside erosion. Here are afew other
rules for ensuring a safe and sound sampling experience:

v If driving, park your vehicle off roads and out of the way of traffic. Always watch for
traffic.

v Always plan for incoming tides at marine or estuarine sampling stations.

v Use common sense in approaching your site and approach your site carefully. Mud,
exposed roots, steep slopes and ice can pose dangerous access problems. Walking
sticks, ice axes, toe cleats and other equipment can help make access safer. Getting
samplesisimportant, but not at the risk of injury.

v Bring aflashlight to guide you during dark or overcast conditions.

v Take appropriate precautions around domestic and wild animals.



D. ATTHEMONITORING STATION

Prior to sampling, monitors should check their kits and reagents to ensure they have dl the chemicals
and equipment needed to monitor the full spectrum of parameters. When you arrive at the sampling
dation, try to find a place to set out your equipment and chemicas where they will not be Stting in
strong, direct sunlight. Onwindy days, beware of smdl containers being blown into the water. And of
coursg, follow dl the safety and access rules outlined in this section.

V. MONITORING OVERVIEW

his section provides a genera overview of the tests and procedures you will use to obtain
accurate and useful data, and discusses how these testswill help us better understand the hedlth
of the Cook Inlet watershed.

A. SOME TYPESOF WATER QUALITY MONITORING
1 Basdline M onitoring

Basdine monitoring involves the collection of various types of data to gain an understanding of
"norma” conditionsin a particular waterbody. Without such information, we are unable to
know what changes human and other impacts are having on our agueatic sysems. For example,
during the Exxon Valdez disaster, biologists were poorly equipped when asked about the
ecologica impact of the pill. Although they knew that birds and marine mammals were dying,
they did not have enough information to make knowledgeable comparisons between the pre-
and post-5oill environments. This body of knowledge is critical if we hope to understand the
complex effects of human activities on ecologica hedlth.

2. Compliance and Enforcement Monitoring

Compliance and enforcement monitoring, as the name suggedts, tests whether acertain
discharge or effluent is meeting limitsimposed by law. For example, under the Clean Water
Act’s Nationd Pollution Discharge Elimination System (NPDES), anyone who discharges a
pollutant into the waters of the United States must obtain an NPDES permit and monitor the
discharge to ensure compliance with that permit. In an enforcement scenario, an agency or
other organization may take samples to demondtrate that a violation of a permit or standard has
occurred.

B. WATERQUALITY TEST METHODS

Beow are descriptions of generd water qudity testing methods, to help clarify how each one worksin
Keeper's monitoring program. Always follow the specific indructions provided in Section V1 of this
manudl.

1 Titrimetric



Titrimetric analyses are based on adding a solution of aknown strength (i.e. the titrant) to a
specific volume of atreasted sample in the presence of an indicator. The indicator produces a
color change indicating the reaction is complete. Titrants are generally added using aftritrator
(graduated dropper) or aprecise glass pipet. The Winkler method for measuring dissolved
oxygen is an example of aftitrimetric anayss.

2. Colorimetric

Colorimetric tests measure the concentrations of various substances by gauging the reaction of
an indicator with a known sample amount, and comparing the resulting color with aknown
range of values. For example, pH is ameasure of the concentration of hydrogen ions (i.e. the
acidity of the solution) determined by the reaction of an indicator that variesin color depending
on the hydrogen ion levelsin the sample water. The samples color isthen visudly compared to
aknown range of pH vaues using an Octet Comparator.

3. Electronic Meters

Specific dectronic meters are manufactured for field and |aboratory tests of various water
qudity factors. At fresh water sites, Keeper uses a Hanna Meter which tests for pH,
conductivity, oxidation-reduction potential and temperature. Electronic meters must be
cdibrated periodically to ensure accurate test results.

C. SAMPLING SCHEDULE

Samples are to be taken on the second and last Sundays of each month during the months of May,

June, July and August and on the last Sunday of each month during the remainder of the year (i.e.
September through April) for atota of 16 times per year. |f monitoring cannot be done on a designated
Sunday because of westher, illness, vacations or for other reasons, it should be scheduled during the
two days just before or just after the designated date (i.e. Friday through Tuesday). Please do not
complete part of a sesson one day and finish it up the next. If you need to bregk off asesson (dueto
wegther, injury, etc.), al procedures should be repeated on the next attempt. We are trying to get a
data "snapshot” of the conditions at your Ste a a particular date and time.

To the extent possible, sampling isto be conducted a 2:00 PM. When thisis not possible sampling
should be done between the hours of 11:00 AM and 5:00 PM. Some of the parametersto be
measured depend on the amount of sunlight available and therefore vary throughout the day - for
example, temperature in shallow areas or dissolved oxygen. The shorter days of the winter months
pose particular chalenges here. Essentidly, we have specified a"sampling window™ in order to collect
comparable data.

The qudity of the data collected by our program depends on regular and consstent monitoring. If you
anticipate missng an event (for example, if you are going on vacation), it is your responshility to make
arrangements with atrained dternate. If the aternate is not on your monitoring team, make sure they
know the exact location of the ste. If no trained dternate is available, or in an emergency, please



contact the Monitoring Coordinator at (907) 235-4068. It is mandatory that al monitoring be
conducted by fully trained personnel. Please do not try to give anovice a quickie training sesson and
then send them out on their own. (But fed free to bring them to our next "officid" training sesson - we
are aways looking for new recruitsl)

D. KEEPER TEST PARAMETERSAND WHY

This section reviews the types of water quality data.and other information to be collected and discusses
why each isimportant to understanding the “hedth” of the Cook Inlet Watershed.

FIELD OBSERVATIONS

In addition to the water qudity parameters you will monitor, there is other important information which
will help draw a more complete picture of the environmenta hedth of your sampling site and the Cook
Inlet Watershed asawhole. Gathering thisinformation involves usng your sensesto observe conditions
at your Ste.

Recording basic observations about your Site will put the data you collect into context. Y ou will be
producing arecord of conditions over time, through changesin tide, weether and season aswell as
varying human and wildlife activity.

Air Temperature

Air temperature is a standard measurement taken by most environmental monitoring programs.
Recording air temperatures helps to create a complete picture of conditions at the sampling Site a the
time of monitoring and to document climatic conditions over an extended period.

Wind & Weather

Weather conditions (whether raining or sunny, windy or calm) can have an impact on physcd, chemica
and biologicd activity inthewater. Wind speed and direction can be an indication of the source of
certain air borne pollutants. It can also affect turbidity, dissolved oxygen and surface water
temperature. In the Keeper program you will reference the Beaufort Scale to estimate wind speed (see

Appendix H).

Rainfdl can affect the rate of run-off pollution from land as well as the temperature, pH and turbidity of
surface water. Volunteers record current weether conditions and the number of consecutive days prior
to sampling that have had smilar weether. Monitors also record the type and amount of precipitation at
each stefor the past 24 hours. Y ou can obtain arain gauge from the Monitoring Coordinator or, if you
live in the same watershed as your sSite, you may want to find out if aneighbor is dready tracking rainfall
and iswilling to share the information.

Water Surface & Tidal Conditions

Whether cam, rippled, or with waves and white caps, surface water conditions indicate how much
mixing is occurring in the top layer of the water body. When the surfaceis placid, very little wind-



induced mixing occurs. Waves whipped up by wind, however, indicate substantid mixing and the
introduction of oxygen to the weater. If you are sampling in a stream segmert where wind does not have
amgor impact on surface water conditions, it is sill important to note whether your siteislocated in or
near rapids, riffle, smooth flowing water, or acadm eddy. Thisinformation may assst in interpreting
dissolved oxygen data.

Thetidd stage can dso have asignificant impact on some of the parameters you will be testing. Cook
Inlet experiences the second largest tidal shiftsin the world (the Bay of Fundy in Nova Scotiais first).
Asthetide comesin, dinity will commonly increase a estuarine sampling Sites and water temperature is
likely to change, which will in turn affect dissolved oxygen levels. Recording the stage of thetidd cycle
at the time of sampling helps account for some of these changes. The Monitor Data Sheet (Appendix 1)
includes a worksheet space for determining tidal stage based on the tide book provided in your kit and
thetidal stage guide in Appendix K.

Comments & Observations

Despite being the least quantitative of the parameters, visud assessment of the monitoring Ste can
provide valuable information and assist in interpretation of other physica, chemical and biologica data
Visud assessment is Smply observing the environmenta conditions at the site and recording those that
are noteworthy.

Visud information can aso provide an account of events or conditions that may help explain the
monitoring data collected. For example, if dead fish are floating on the water surface, they may sgnd a
sudden drop in dissolved oxygen levels, theinflux of some toxic substance, or a disease or infestation of
thefish.

In addition to visua assessment you will also use your ears and your nose to monitor your Ste. Listen
for birds and other wildlife as well as sounds of human activity such as engines. Check for unusud
odors. Though quite subjective, water odor can revea water qudity problems that may not be visualy
goparent. Industrid and municipa effluents, rotting organic matter, and bacteria can dl produce
digtinctive odors. Raw sewage, for example, has an unmistakable aroma.

Photos or Sketches

A picture should be taken prior to the first round of sampling at each site. Additiondly, it isagood
practice to take routine pictures of your Ste at least four times ayear, in order to get a sense of its
seasona and other variaions over time. If your Siteis subjected to either long term or sudden
environmenta impact your photos will hep document the effects of these changes.

Regardless of your leve of artistic ability, arough sketch of your Site can be avauable tool for
physicaly locating your observations during each sampling event.

Please do not underestimate the importance of this observationa data; although it isless “hard” than the

numbers and figures you will measure in your water testing, it nonetheless provides an important window
into the ecology of your sampling area.
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WATER QUALITY PARAMETERS

Keeper's Citizens Environmental Monitoring Program includes testing for awide range of water qudity
indicators. Selection of the parameters to be tested was based on a number of factors including how
the collected data would contribute to understanding of water qudity and overal watershed “ hedth”, the
ease with which tests could be performed and the long term affordability of monitoring equipment and
supplies.

Apparent Color

Apparent color of water results from dissolved substances and suspended matter, and provides generd
but useful information about the water's source and content. Meta ions, plankton, agae, pollution and

other natura and human-induced materias may dl produce color in water. Depending on the materias
init, water absorbs certain wavelengths of light, and reflects others. The reflected wavelengths are the

ones we observe when determining apparent color.

Trangparent water with alow accumulation of dissolved materids appears blue and indicates low
productivity. Dissolved organic matter, such as humus, peat or decaying plant matter, can produce a
yelow or brown color. Some agae or dinoflagellates produce reddish or deep yellow waters. Water
rich in phytoplankton and other algae usualy appears green. Soil runoff produces a variety of yellow,
red, brown and gray.

Uniform color scaes are used in determining gpparent color to ensure that standardized color
information can be shared and compared between researchers. Keeper has selected the Borger Color
Sysem, (BCS) which was origindly devised to measure the color of flies for fishermen, but whichis
well-suited for water testing too.

Turbidity (Clarity)

Turbidity, or water clarity, isameasurement that pulls together many important features of an aguetic
system. Turbidity is caused by suspended solid matter which scatters light passing through the water.
Any materia mixed and suspended in water will reduce its clarity and make the water turbid (i.e. muddy
and cloudy). Such materials can come from many sources. In early spring, the water may become
more turbid as St is carried into the estuary with the spring thaw and run-off. At any time of year, Sit-
laden surface water can flow into the estuary from tributaries and storm drains during periods of heavy
rain and associated runoff. In Cook Inlet, glacia silts are dso amgor cause of turbidity. In late spring
through early fdl, turbidity may be caused by plankton asthey grow and multiply rapidly in warm, sunlit,
nutrient-rich water.

In shallow areas, wind-generated waves and boat wakes can stir up sediments from the bottom. As
waves generated by wind and passing boats break on the shore, they can dso increase the turbidity.
Upstream congtruction activities, land clearing, or any other activity which erodes the soil, may release
sediment to tributaries of Cook Inlet and incresse turbidity.
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Turbidity affects fish and aguetic life in many ways.

> High turbidity levels interfere with the penetration of sunlight. Submerged aquetic vegetation (SAV)
needs light for photosynthesis. If suspended particles block out light, lower rates of photosynthesis
produce less oxygen. SAV, like the edgrasses and kelp in many areas of Cook Inlet, provide
important habitat for a diverse community of marinelife. These are critica areas where many
gpecies induding shdlfish, waterfowl, and fish can find essentid food and shdlter. If light levels get
too low, photosynthesis can stop dl together and the vegetation will begin to die off.

» Large amounts of suspended matter can clog the gills of some species of fish, reducing oxygen
trandfer.

» Excessve amounts of suspended matter clog the feeding apparatus of bottom-dwelling animds (e.g.
crabs, anemones or clams) and may even smother them completely.

» Suspended particles may provide a place for harmful bacteria and microorganisms to settle and
grow. The particles can also carry pesticides, toxic metals and excess nutrients down tributaries or
throughout the dynamic Cook Inlet estuary. Suspended particles near the water surface absorb
additiona heat from sunlight and can raise the surface water temperature,

There are several ways to test turbidity. One turbidity test involves an eectronic insrument caled a
nephelometer, which uses scattered light to measure turbidity in Nephelometric Turbidity Units (NTUS).
Another involves the use of a Secchi Disk - asmdl (20 centimetersin diameter) disk divided into black
and white quadrants which is lowered into awaterbody. The level where the disk disappearsis
recorded, and the measurement correlates to turbidity.

Keeper has eected to use the Secchi Disk method at Sites where water depth is three meters
(approximately 10 fet) or greater. In shallower areas Keegper monitors perform a comparative
turbidity test, which uses a chemicd reagent in atube to measure turbidity in Jackson Turbidity Units
(JTUs). (Note: JTUs correlate with NTUS).

Water Temperature

While temperature may be one of the easest measurements to perform, it is aso one of the most
important parameters we test because it dramaticaly affects the rates of chemical and biological
reactions within the water. Some of the most common biologica, physica and chemica processes that
are temperature dependent are listed below.

» Therates of photosynthesis and plant growth both increase in warmer water. Therefore, itis
important to understand the connection between the processes of photosynthesis and respiration. In
photosynthes's, plants use sunlight, carbon dioxide, and water to create the organic molecules they
need to grow. In the process, the plants release oxygen. Respiration isthe reverse of
photosynthes's; when no light is available, plants respire (i.e. they take in oxygen and break down



the stored organic molecules to get energy), rdleasing carbon dioxide. Thus, temperature changes
can dramaticaly affect plant growth and the amount of oxygen in the water.

Anincreasein plant growth and photosynthesi's means that more oxygen is produced, but it also
means that more oxygen is consumed through plant respiration. The baance between
photosynthesis and respiration depends on the availability of sunlight. Especidly in summer, when
the days are longer, there is anet production of oxygen. Another factor is that when the plants die,
oxygen is consumed in the process of bacterid decay.

Individua organismsliving in the water are hedlthiest when temperatures stay within their range of
tolerance. The metabalic rates of organismsincrease in warmer water and in many organisms,
increased metabolism means increased oxygen demand. Even if there is enough dissolved oxygen
to supply the greater demand, under extreme high or low temperature conditions marine organisms
become stressed and are more vulnerable to toxic chemicals, diseases, and parasites. The
requirements of any one organism change as it goes through different stages of life. For example,
fish larvae and eggs usudly have a narrower tolerance range than adult fish; conditions that would
have been tolerable for the adults may kill off the larvae before they have a chance to reach
adulthood

Temperature affects the digtribution of various types of organisms because different organisms have
different temperature requirements and different ways of responding to changes in temperature.
Matile organisms - those cgpable of moving on their own, such asfish - may be able to escape
unfavorable temperature conditions by migrating e sewhere. Sessle (i.e. immobile) organisms such
as agae and dow-moving organisms such as anemones remain to be weakened or even to die.

Gases such as oxygen are more soluble in cool water than in warm water. In other words, cool
water can hold more dissolved oxygen. Solids, on the other hand, are usualy more soluble in warm
water. For example, heavy meta compounds deposited in sediments at cooler temperatures can be
released at warmer temperatures. First, the compounds aready existing in the sediments become
more soluble; second, as the concentration of oxygen decreases, the metals react chemicdly to form
new and even more soluble compounds. Once the metals are released from the sediments into the
water, they can be taken up by marine life

Therates of chemica reactionsin fresh and brackish water generally increase with increasing
temperature.

The densty of seawater decreases with increasing temperature. This variation of dengity with
temperature affects inversons, mixing, and current movements.

Because significant portions of Cook Inlet are naturaly shalow, the capacity of these parts of the
edtuary to store heet for long time periodsisrelatively small. Asaresult, water temperatures
fluctuate congderably over time and by location. In shdlow aress, tides, currents, and wind tend to
minimize temperature differences between surface and subsurface weter.

In deeper aress, the temperatures of surface and subsurface water often differ. Generdly, deeper
water is colder and therefore denser. The vertica temperature profile of the water column follows a
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farly predictable annua cycle. In goring and summer months, the surface waters are warmed by the
sun; the bottom waters remain much cooler. In the fall, the sun gets lower in the sky, the days get
shorter, and the air gets cooler. The surface waters also cool, increasing in density. When the
surface water is colder and denser than the bottom water, it beginsto sink, and vertical mixing
occurs. Wind speeds up the process. Thisannua turnover crestes an upwelling of nutrients and
mineras from the bottom that are newly available to the phytoplankton and other inhabitants of the
surface waters. During the remaining winter, the water temperature becomes nearly congtant from
surface to bottom. Then, in early spring, the radiation of the sun again warms the surface waters.
The top layer warms and the bottom remains cool, until the next fal when turnover and upwelling
occur again.

Temperaure is measured using afamiliar insdrument: athermometer. Most liquids expand with
increasing temperature. A thermometer conggts of areservoir of aknown liquid in the bulb (in our
case, dcohol mixed with dye) and a narrow-bore tube into which the liquid expands. Measuring the
height to which the liquid has expanded in the tube gives the temperature.

Water temperatures will be reported in degrees Celsius, the standard temperature unit for scientific data.
On the Celsius scale, fresh water boils at 100°C and freezes at 0°C. Seawater, on the other hand,
freezes a a somewnhat |ower temperature depending on its sdinity. Because Americans till frequently
rely on the Fahrenheit scale (where freshwater boils at 212°F and freezes at 32°F), it may help you to
use the following formula to convert between the two scales:

To convert from °F to °C:
°C= (OF - 32) X (5/9) or °C= (°F - 32) -1.8

To convert from °C to °F:
°F=[(9/5) x°C] +32 or °F=(1.8x°C)+ 32

pH

pH isthe measure of how acidic or basc asolution is. Because avariety of chemica and biologica
processes depend on certain pH vaues, pH measurements provide important information about the
date of water quality. Aswater travels through the watershed, a number of factors may affect its pH:
» Leaching of soil and rock outcrops, especidly during periods of heavy rain or snowmelt.

» Human-generated wadtes (e.g. industrid discharges, sewer overflows, lawn runoff).

» Aerosols, dusts and gases picked up from the air.

» Photosynthesis by aguetic plants, which consumes carbon dioxide and can raise the pH of
surrounding water.

The pH of the fresh water flowing into Cook Inlet depends on where the water has been and what it is
carrying. Once water reaches Cook Inlet, loca variations tend to be homogenized, partly by the motion
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of currents and tides, but aso due to the strong buffering of seawater. Loca pH vaues can increase
during intense phytoplankton blooms, as the phytoplankton consume carbon dioxide in photosynthesis.

The resstance of water to changesin pH iscritica to aguatic life because it determines the range of pH
that organisms have to adapt to in order to survive. Generdly, the ability of aguatic organismsto
complete alife cycle greatly diminishes as pH becomes more than 9.0 or lessthan 5.0. However, the
idedl rangefor aguatic lifein generd - including both fresh water and salt water species - fals between
6.5 and 8.2. Marine organismsin the open ocean are usualy exposed to an even narrower pH range of
8.11t0 8.3. When water with alow pH vaue comesin contact with certain chemicads and metds, the
acidity of the water may cause these substances to become more soluble or more toxic than normal,
increasing the effects of the pollutant load on Cook Inlet. Fish that can stand adightly acidic pH may
die at amore neutra pH if low concentrations of iron, duminum, lead, or mercury are present.
Phytoplankton blooms can play an interesting role here; as abloom dies off, chunks of it Snk to the
bottom and decompose. The decomposition process produces organic acids which can lower the pH
and react with the sediments to release metas and other toxins into the water.

Pure digtilled water hasapH of 7.0 and issaid to be neutrd. The pH vaues of naturd waters are
controlled by the salts and gases dissolved in them. Seawater typically hasapH of 8.1t0 8.3. Because
itspH is greater than 7.0, it is said to be basic or dkaine (the two terms are synonymous). The pH of
seawater isfarly stable becauseit is highly buffered - that is, the water contains pairs of ions which react
to damp down changesin pH.

The strong buffering and constant motion of seawater tend to minimize varigionsin pH. Short-lived,
local variations may be caused by intense phytoplankton blooms, or at locations where indudtrid
discharges and sewer outflows enter the ocean, or where there are large influxes of fresh water. Natura
fresh water typically has alower pH than seawater. Rain water and snow melt usualy hasapH of 5.6
t0 6.0. Becauseits pH islessthan 7.0, even unpolluted rain water is said to be acidic. So-cdled "acid
ran" has an even lower pH due to amaospheric pollutants.

Buffers

Seawater contains both bicarbonate ions (HCOs ), which can consume excess hydroxyl ions
(OH), and carbonate ions (CO5? ), which can consume excess hydrogen ions (H"):

HCO; + OH <— COs* +H,0
CO4# +H" «—> HCO;
The ratio of carbonate to bicarbonate ions present in seawater buffersits pH to afarly stable

vadue of 8.1t08.3. Theratio of borateions (H,BO; ) to boric acid (H;BOs) aso plays alesser
but significant role in the buffering of seawater.

15



pH is defined as the negative logarithm of the concentration of hydrogen ions, the higher the
concentration, the lower the pH. In any given agueous solution, a certain proportion of water molecules
dissociate to form hydrogen (H*) and hydroxyl (OH ") ions:

H,O «— H" +OH
In neutra solutions (pH = 7.0), the concentrations of hydrogen and hydroxyl ionsare equa. Acidic

solutions (pH < 7.0) contain more hydrogen than hydroxyl ions. Basic or dkaine solutions (pH > 7.0)
contain more hydroxyl than hydrogen ions.

Because the pH scaleislogarithmic, pH does not increase or decrease in asmple linear
fashion. Instead, the increases are in powers of 10. For example, at apH of 5 there are ten
timesmore H' than apH of 6:

pH 6: [H"] =1x 10°=0.000001

pH 5. [H] =1x10°=0.00001

Thus, asolution of pH 3 is not smply twice as acidic as one with apH 6, but 1000 times as
acidic.

One of the easest ways to measure pH isto use an indicator solution. Most indicators are organic
molecules which have a hydrogen ion they can easily gain or lose and which happen to change color
when this occurs (making the reaction easy to observe). Keeper has selected a"wide range” indicator,
which can measure pH throughout most of the pH range.

Salinity

Sinity is an important factor affecting the physica and chemica make-up of Cook Inlet waters. It is
defined as the concentration of dissolved sdtsin the water, usualy expressed in parts of salt per
thousand parts of water (ppt). Seawater averages 35ppt (3.5% by weight) in the open ocean and 27 to
33 ppt (2.7% to 3.3% by weight) in most coastal waters. Fresh water usudly contains few sdts
(drinking water usudly has asdinity of lessthan 0.5ppt). A liter of Cook Inlet water typicaly contains
28 to 34 grams of dissolved sdlts. In other words, a quart would contain about an ounce of salts.

The surface sdinity levels within Cook Inlet, especidly near the coadt, vary with many factors, including
the tides and the volume of fresh water flowing into the Inlet. Sdlinity tends to decrease in the oring
when heavy rainfdl, the release of groundwater, and melting snow combine to greetly increase the
amount of fresh water flowing in. Some decreases in sdinity may be attributed to human activities which
reduce the water-holding capacity of the land (such as paving or remova of vegetation) or directly
accelerate fresh water discharge (such as sorm drains and sewers). On the other hand, excessive
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withdrawals of water from the fresh water portion of atributary (for agriculturd use, drinking water,
€fc.) can devate sdlinity near the mouth of this tributary.

Sinity leves dso vary verticdly from top to bottom. In generd, sdinity increases with depth. The
fresh water coming down river is less dense than the heavier seawater, o the entering fresh water tends
to float on top of the seawater and may not mix immediately. The volume of entering fresh water isaso
the greatest closest to land. The net result is awedge of lighter fresh weter lying over the heavier
seawater, with poorly defined edges that are continualy mixed by wind, waves, and tides. In shalow
waters, the mixing of top and bottom layers can obscure this "wedge' or “lens’ completely.

Perhaps the most important aspect of the estuary's sdinity gradient isits effect on the distribution and
well-being of the biologica population that inhabits the Inlet. Some species of fish, such as samon,
require the fresh water portion of the estuary to spawn, but live the rest of their livesin the marine
portion. Some organisms are extremely tolerant of the changes in sainity and are found everywhere
from the open sea to waters with only the dightest tinge of sdt. Sessle (immobile) bottom-dwellers
such as butter clams are tolerant of sdinity variations, but salinity does affect their growth and spawning.

The solubility of heavy metds aso increases with increasing sdinity. In summer, higher temperatures
can combine with higher salinity and lower dissolved oxygen levels to create conditions where heavy
metals previoudy deposited in the sediments can be more readily released into the water. Thisisaso
the season when bottom-dwelling and burrowing organisms are at their mogt active in turning over
sediments and exposing them to react with the water.

There are many ways to measure sdlinity. Most depend on measuring some other property which is
directly rdated to dinity. In the Keeper program, we measure the specific gravity of water usng a
hydrometer and convert the specific gravity readingsto salinity. The specific gravity of a substanceisits
density divided by the dengity of pure water at 4°C - easy enough to do, since the dendty of pure water
a 4°Cis1 gram per milliliter. A hydrometer placed in aliquid will dways displace its own weight of
liquid, s0 the denser the liquid is, the less volume of liquid will be displaced and the higher the
hydrometer will float. Measuring the point a which the hydrometer stem breaks the surface of the liquid
givesthe liquid's specific gravity.

The dengity of water changes with temperature. Pure water reaches its maximum density at 4°C. At
temperatures above 4°C, the density of pure water decreases with increasing temperature. Assdtsare
dissolved in water, the temperature a which it reaches its maximum density decreases from 4°C and
approaches the freezing point. At 25ppt sdinity water reaches its maximum dengty at its freezing point.
For solutions with sdinity above 25ppt, such as seawater (typicaly 35ppt), density aways decreases
with increasing temperature even when temperatures are below the freezing point.

Because of the dependence of specific gravity on temperature, a sample's temperature has to be
measured a the same time as its specific gravity. A table can then be used to a) convert these
measurements to the specific gravity the sample would have at a standard temperature of 15°C and b)
convert these standardized specific gravities to sdinities; the higher the specific gravity, the higher the
sdinity (see Appendix Jfor conversion table).
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Hanna M eter

The Hanna meter is an eectronic meter which measures the parameters temperature, pH, conductivity
and oxidationreduction potential. Although temperature and pH measurements duplicate those of
previous tests, the meter provides an important check on data accuracy. By aso recording conductivity
and oxidation-reduction potentid readings, the Hanna meter provides additiond insght into water

qudlity.
a) Temperaure

As discussed above, temperature is an important factor for many physical, chemica and
biologica processesin Cook Inlet. Using the Hanna meter for temperature readings at the start
and finish of Hanna Meter testing allows for more accurate temperature measurements, and
provides a check on thermometer readings.

b) pH

pH is dso important for many physica, chemica and biologica systems. Taking three (3)
sequentid readings with the Hanna meter provides for more accurate pH measurement, and a
check on the pH value obtained from the Octet Comparator.

) Conductivity

Conductivity measures the electrica conductance of water, which is proportiond to the nature
and quantity of totd dissolved solids (TDS) in the sample water. TDS is defined as the meterid
left behind after awater sampleisfiltered and evaporated. The quantity of dissolved matter
depends mainly on the solubility of the rocks and soils the water contacts, and each water body
contains a unique mixture of dissolved materias.

Because the amount of dissolved materid determines the water's ability to conduct eectricity,
TDS can be measured by recording conductivity. The Hanna meter contains eectrodes, which
measure the dectrica current which is conducted between them in the sample water.
Conductivity is measured in micromhaos (or micro-Siemens) per centimeter (mhos/cm or
pScm).

d) Oxidation-Reduction Potential (ORP)

In amanner amilar to that in which acidic or akaine solutions are quantified by pH
measurements, solutions can aso be graded as oxidizing or reducing based on measurements of
ORP (sometimes cdled ‘redox”) vaues.

The Oxidation Reduction Potentid defines the capability of a substance to ether rdlease or gain

free eectrons. Oxidation is aways coupled together with reduction so that as one element gets
oxidized another automaticaly is reduced.
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Oxidation and reduction reactions mediate the behavior of many chemica condtituentsin water.
The reactivities and mobilities of important eementsin biologicd and chemica systems depend
strongly on redox conditions. Measurement of redox potentid is useful in developing amore
complete understanding of water chemidtry.

ORPisdso ardiable indicator of N :
bacteriological water quality because E.. Coll Disinfection Time
the life expectation of bacteriain water with Respect to ORP Value
isrelated to this parameter. For

example, sudies have shown that the

life span of bacteriain water decreases \

more directly due to the ORP value
than to the concentration of chlorinein
the water. The graph on the right
represents the disnfection time for the
bacteria

E. cali with respect to ORP vaue.
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ORP measurements are based on the
potentid difference between an
dectrode made of an inert meta 0 20 4 60 8 10
(normally platinum or gold) and a Disinfecton Time (Seconds)

reference dectrode. Theidentical

3

reference system utilized for the pH

electrode (Ag/AQCI) isdso used for

redox measurements.

When the redox eectrode isimmersed in a solution containing areversible chemica reaction
system, amigration of electrons is established between the electrode and the sysem. This
electron flow can be congtrued as an exchange current density and is of paramount importance
for accurate, fast and reproducible redox potential measurement.

The Hanna meter relies on its sengtive dectrodes housed in the meter's black base compartment.
These dectrodes are fragile and should not be handled. Always remember to rinse the eectrodes with
distilled/dionized water prior to and after testing.

Dissolved Oxygen

Dissolved oxygen (DO) is one of the most important indicators of water qudity for aguetic life. Itis
essentid for the basic metabolic processes of animas and plantsinhabiting our coasta weters.
Dissolved oxygen is measured in milligrams per liter (mg/l) which equates to parts per million (ppm).
When oxygen levels fdl below about 3 to 5Smg/l, fish and many other marine organisms are stressed and
some cannot survive. Dissolved oxygen is a particularly sensitive condtituent because other chemicals
present in the water, certain biologica processes, and physica factors such as temperature and water
clarity exert amgor influence on its availability throughout the year.
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The maximum amount of oxygen water can hold depends a greet dedl on its temperature and dinity. A
DO test (usng ameter or chemicd kit) tells you how much oxygen is dissolved in the water, but it does
not tell you how much oxygen the weter is cgpable of holding a the temperature and sdinity at which it
was tested. Warmer water holds less dissolved oxygen; as water approaches its boiling point, it can
hold dmaost no oxygen. Dissolved oxygen aso decreases with increasing sdinity. When water holds dll
the dissolved oxygen that it can at a given temperature and sdlinity, it is said to be 100 percent saturated
with oxygen. If water holds only haf that amount of DO at the same temperature and dinity, itissad
to be 50 percent saturated. The table below shows this relationship for various temperatures and
dinities.

TEMPERATURE SALINITY
o Freshwater Brackishwater | Open Ocean
0 ppt S ppt 35 ppt
0 14.6 14.1 11.3
5 12.8 12.4 10.1
10 11.3 11.0 9.0
15 10.2 9.9 8.3
20 9.2 9.0 7.5
25 8.4 8.2 6.9
30 7.6 7.4 6.1

Potential dissolved oxygen levelsin milligrams per liter (mg/l) at sea level

Congder some of the more shallow areas in Kechemak Bay on ahot August day. Except for in glacid
dreams, sream levels are relatively low at that time of year, so less fresh water is flowing into the Bay
and the sdlinity isrdatively high. The average water temperature in the Bay is dso rdativey high (by
Alaska standards) and it gets higher locdly asthe tide comesin over a clam flat or beach that has been
baking in the sun. Both the higher sdinity and the higher temperature lower the water's ahility to hold
oxygen. Any eventsthat increase the oxygen demand - eg. asdmon run, or an influx of nutrients that
causes a plankton bloom followed by adie-off - can push the loca ecosystem over the edge and cause
serious problems.

One of the largest sources of dissolved oxygen is oxygen transferred from the atmosphere into surface
waters by the re-aerating action of wind and waves. A second mgjor source is oxygen produced by
aquatic plants (including phytoplankton) during photosynthesis. Photosynthesis requires sunlight, so it is
limited by depth. In the open ocean, most photosynthetic activity occurs in the upper 80 meters (260
feet), with some activity continuing down to 600 meters (1,970 feet). In coastd aress, the depths at
which photosynthess can occur are more variable and more influenced by activities on land.

Once in the water, oxygen is consumed by marine organisms. Like land animds, fish and other marine
species need oxygen for respiration. When no light is available, plants dso need oxygen. Bacteria
consume oxygen asthey decompose dead plants and animas. Oxygen shortages occur when
consumption outstrips the available oxygen resources. Oxygen levels may be reduced because the
water is over-hested, asit might be near an indudtria discharge or marine log storage area; warmer
water amply cannot hold as much oxygen as cooler water. If water clarity decreases - that is, the water
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becomes turbid - dueto aninflux of glacid dit, organic métter, etc., less sunlight will reach the
photosynthesizing plants, and they will be less able to produce oxygen.

Large amounts of organic matter in the water can not only decrease oxygen production, but aso
increase consumption as bacteriawork on breaking down and decaying the matter. When run-off from
the land or the addition of sewage effluents provides excessive amounts of nutrients such as nitrogen (in
sdt water near the coast) or phosphorus, a phytoplankton bloom can occur. The availability of extra
nutrients alows the reproductive rate of these microagae to zoom; the population of some species can
double every twenty minutes. The phytoplankton bloom can block sunlight from reaching other types of
plants. When the extra nutrients are gone, the bloom suddenly dies off, and huge amounts of oxygen are
used up initsdecay. A massive phytoplankton bloom can result in anoxic conditions (i.e. absence of
oxygen) and can cause subgtantia die-offs of fish and shdllfish in coastd waters.

For surface sampling, dissolved oxygen will be measured using a method caled Winkler titretion (named
after Hungarian chemist Lgjos Wilhedm Winkler). One of the immediate problems involved in messuring
the concentration of oxygen dissolved in awater sample is to prevent any of the oxygen from escaping.
To achieve this, two solutions are added to the sample. One contains manganous ions (M) and the
other hydroxyl ions (OH). Because of its high concentration of hydroxyl ions, the second solution is
described as"dkdine" Together, these ions react to form manganous hydroxide, which isfairly
insoluble in water and forms awhite, fluffy floculate (or floc). Immediately, the oxygen moleculesin the
water react with the floc to convert it from manganous hydroxide to hydroxides of various manganese
ions with charges higher than *2 (e.g., "3, "4, and *7). These new hydroxides give a brownish color to
the floc.

The next step isto add a strong acid to the sample to dissolve the hydroxides. Asthe manganese ions
are freed from the floc, they react with theiodide ions (I") contained in the akaline solution added earlier
and form manganous ions (the same kind you started with) and iodine molecules (1%). Because of the
iodine, the sample turns a yellow-brown color.

At this point, the oxygen molecules are no longer floating around in the water. Instead, they have been
entirdly used up in the converson of the manganeseions. If you are sampling in messy wegther or from
an ungtable surface, you can take the treated sample to some more convenient place to finish the
procedure. Protect the sample from light and heet (sample temperature should remain between +4°C
and +10°C), and finish the procedure within Sx hours.

A carefully measured portion of the trested sampleis "titrated" with thiosulfate ions (S,04%) - thét is,
sodium thiosulfate solution is added drop by drop to determine the exact amount necessary to consume
dl of theiodine in areaction that producesiodide and tetrathionate ions (Si0¢%). In order to make it
easer to see the exact point at which dl the iodine is consumed, a starch indicator is added to the
titration sample. Starch turns dark blue in the presence of iodine. Asthe last of the iodine vanishes, so
does the dark blue color.

The whole point of this procedure isthat al of the oxygen molecules are consumed in the conversion of
the manganeseions, but dl of the manganese ions are converted back to manganousions by the iodide
ions. The net result isthat two iodine molecules are produced for each of the oxygen moleculesyou
garted with. Each iodine molecule then converts two thiosulfate ions into one tetrathionate ion.

21



The titration procedure measures the molar volume of a sodium thiosulfate solution of known
concentration needed to consume dl of theiodine in atitration sample of known volume. Multiplying
the molar volume of thiosulfate solution used by its concentration gives the number of thiosulfate ions
thet were consumed. The number of iodine moleculesinvolved is one hdf of this, and the number of
oxygen molecules originaly dissolved in the titration sample is one hdf of thisagain. Dividing the
number of oxygen molecules by the volume of the sample gives the dissolved oxygen concentration. In
the procedure were following, a syringe holding 1 milliliter of sodium thiosulfate solution and divided
dong itslength into ten unitsis used to titrate a 20 milliliter water sample. The concentration of the
thiosulfate solution is chosen so thet every 1 milliliter used in the titration indicates a DO concentration of
10 mg/l. In other words, each unit marked on the syringe corresponds to 1 mg/l dissolved oxygen in the
sample.

Nutrients

Phosphorus and nitrogen are both nutrients that occur naturaly in water. They appear to be the most
important nutrients in the eutrophication process and can often become detrimenta by accelerating
eutrophication, which is the natural aging process of a body of water such asabay or lake,

Nutrients are aso contained in stream sediments. I these are suspended they can maintain eutrophic
(increased plant growth) conditions for many years. Many factors influence how much nutrient in a
waterway is dissolved (soluble) and how much is attached to particles (particulate). These factors
indude:

» Environmental factors
High rainfal causes high-flow events and under these conditions soluble and particul ate nutrient
concentrations in waterway's increase.

» Catchment characteristics
Factors such as dope, plant cover, soil type and soil moisture content will influence nutrient
concentrations and the amount in soluble or particulate forms. Some soil types are more prone to
water erosion than others. Sandy soils are most likely to produce the highest soluble phosphate
concentrations, but thiswill depend on the likelihood of run-off or infiltration.

» Management practices
Water samples collected soon after fertilizer is gpplied may have high concentrations of soluble
phosphate. If particles can settle out from flowing water (say, in awetland or detention basin), then
soluble phosphate concentrations in this basin may represent a very high proportion of the total
nutrient load.

Phosphorus

Both phosphorus and nitrogen are essentia nutrients for the plants and animals that make up the
aquatic food web. Since phosphorusis anutrient in short supply in the typicaly clay rich soils of
southcentral Alaska and in most fresh waters, even amodest increase in phosphorus can, under
the right conditions, set off awhole chain of undesirable eventsin awaterbody. These may
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include accelerated plant growth, dgae blooms, low dissolved oxygen, and the degth of certain
fish, invertebrates and other aguatic animals.

There are many sources of phosphorus, both naturd and human. These include soil and rocks,
wastewater trestment plants, runoff from fertilized lawns and croplands, outhouses ad falling
septic systemns, anima manure, runoff from disturbed land aress, drained wetlands, water
trestment and commercia cleaning chemicals.

Phosphorus has a complicated story. Pure, “eementa” phosphorus (P) israre. In nature,
phosphorus usualy exists as part of a phosphate molecule (PO,4). Phosphorus in aguatic
systems occurs as organic phosphate and inorganic phosphate. Organic phosphate consists of a
phosphate molecule associated with a carbon-based molecule, asin plant or animd tissue.
Phosphate thet is not associated with organic materid isinorganic. Inorganic phosphorusisthe
form required by plants. Animas can use either organic or inorganic phosphate.

Phosphorus cycles through the environment, changing form asis does so. Aquatic plantstakein
dissolved inorganic phosphorus and convert it to organic phosphorus as it becomes part of ther
tissues. Aquatic animals get the organic phosphorus they need by egting either aguatic plants,
other animas or decomposing plant and anima meterid.

As plants and anima's excrete wastes or die, the organic phosphorus they contain snksto the
bottom. Bacterid decomposition convertsit back to inorganic phosphorus. Inorganic
phosphorus gets back into the water column when the bottom is stirred up by animas, human
activity, chemicd interactions or water currents. Then it istaken up by plants and the cycle

begins again.

In ariver system, the phosphorus cycle tends to move phosphorus downstream as the current
carries soil, decomposing plant and animd tissue and dissolved phosphorus. 1t becomes
dationary when it is taken up by plants or is bound to particles that settle to the bottom of

pooals.

Inthefidd of water quality chemigtry, phosphorusis described using severad terms. Some of
these terms are chemistry-based (referring to chemically based compounds), and others are
methods-based (they describe what is measured by a particular method).

The term “orthophosphate” is a chemistry-based term that refers to the phosphate molecule dll
by itsdlf. “Reactive phosphorus’ is a corresponding method- based term that describes what
you are actualy measuring when you perform the test for orthophosphate.

More complex inorganic phosphate compounds are referred to as “ condensed phosphates’ or
“polyphosphates.” The method- based term for these formsis “acid hyrolyzable.”

Monitoring phosphorusis chalenging because it can involve measuring very low concentration —
down to 0.01 milligram per liter (mg/L) or even lower. Very low concentrations of phosphorus
can have a dramatic impact on some waterbodies. Less senstive methods are used to identify
serious problem aress.
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There are many tests for phosphorus. The one performed by Keeper volunteer monitorsisa
total orthophosphate test, which is largely a measure of orthophosphate. Because the sampleis
not filtered, the procedure measures both dissolved and suspended orthophosphate. The
method for mesasuring total orthophosphate is known as the ascorbic acid method. Briefly, a
reegent containing ascorbic acid reacts with orthophosphate in the sample to form a blue
compound. Theintengity of the blue color is directly proportiond to the amount of
orthophosphate in the water. An Axia Reader type color comparator is then used to determine
phosphete levelsin parts per million.

Nitrogen

Nitrogen makes up about 80 percent of the air that we breathe. 1t is an essential component of
proteins and is found in the cdlls of dl living things. Nitrogen isfound in severd different forms
in terredtrial and aquatic ecosystems. These forms of nitrogen include ammonia (NHs), nitrates
(NO3), and nitrites (NO,). Nitrates are essentid plant nutrients, but in excess amounts they can
cause sgnificant water qudity problems.

Together with phosphorus, nitrates in excess amounts can accel erate eutrophication, causing
dramdtic increases in aguatic plant growth and changes in the types of plants and animals that
livein awaterbody. This, in turn, affects dissolved oxygen, temperature and other water qudity
indicators. Excess nitrites can cause hypoxia (low levels of dissolved oxygen) and can become
toxic to warm-blooded animds at higher concentrations (1 mg/L or higher) under certain
conditions. Hemoglobonemia (blue baby syndrome) is caused by excess nitrites. The natura
level of ammoniaor nitrate in surface water istypicaly low (lessthan 1 mg/L). Nitritesare
commonly less than 10 percent of the nitrate/nitrite total. In the effluent of wastewater trestment
plants, nitrate/nitrogen can range up to 30 mg/L. The standard for nitrates in drinking water is
10 mg/L.. Unpolluted water generdly has a nitrate reading of less than 1.00 ppm.

Sources of nitrates include wastewater treatment plants, runoff from fertilized lawns and
croplands, outhouses and failing o+ Site septic systems, anima wastes, acid rain deposition and
indugtria discharges that contain corrosion inhibitors.

Nitrates from land sources can end up in rivers more quickly than other nutrients like
phosphorus. Thisis because they dissolve in water more readily than phosphates, which have
an dtraction for soil particles. Asareault, nitrates serve as a better indicator of the possibility of
asource of sawage or other pollution during dry westher.

Water that is polluted with nitrogen-rich organic matter might show low nitrates. Decomposition
of the organic matter lowers the dissolved oxygen leve, which in turn dowsthe rate a which
ammoniais oxidized to nitrite (NO,) and then to nitrate (NOs). Under such circumstances, it
might be necessary to aso monitor for nitrites or anmonia, which are considerably more toxic
to aguetic life than nitrate.

Volunteer monitoring programs typically use one of three methods for nitrete testing: the
cadmium reduction method, the nitrate e ectrode or the new zinc diazotization/coupling reaction.
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Both the cadmium reduction method and the zinc diazotization/coupling reaction method
produce a color reaction that is then measured either by comparison to a color whed or color
comparator, or by use of a spectrophotometer. The cadmium reduction method, however,
produces hazardous waste. For that reason, the Keeper program has chosen to use the new
zinc method for nitrate testing. Monitors add a series of tablets to their water sample causing it
to turn a shade of pink whose intengity is proportiona to the amount of nitrate in the sample. An
Octa-Slide color comparator is then used to determine nitrate levelsin parts per million.

Coliform Bacteria

The coliform group of bacterialive by fermenting lactose (milk sugar) and are native to the intestinal
tracts of mammals and birds. Although most coliform species can aso exist as free-living organisms,
species of the genus Escherichia cannot. The term "fecd coliform” refers primarily to the species
Escherichia cali or E. cali (and occasondly to Klebsiella species as well).

Coliform bacteriaare generaly pretty harmless aone. In fact, water may contain coliforms from a
variety of sources besides sawage. However, the presence of high levels of coliform bacteriaand, in
particular, of feca coliforms (which can't live free) suggests that sewage is being discharged into the
water. Sewage discharges raise the leve of nutrients in the water and can cause phytoplankton blooms.
Worse, sawage contains organisms that cause disease: pathogenic bacteria, viruses, protozoans, and
parasites. For example, certain species of pathogenic bacteria can cause typhoid fever, dysentery, and
cholera

Y ou might be wondering why we are looking at the rdaively "harmless' fecad coliforms. It is because
pathogenic bacteriaare difficult to culture in the lab, and intestina parasites and viruses can be even
harder to andlyze. Furthermore, if you were going to try to detect the disease-causing species directly,
you would need to use a different test for each one. By contragt, fecd coliforms are relaively easy to
detect and andlyze. For these reasons, the fecal coliform group of bacteriais used by the Food and
Drug Adminigration as amicrobiologica indicator of sewage pollution. In other words, when the FDA
closes a shdlfish flat, they are doing so on the basis of the fecd coliform count. The speciesE. cali is
aso used by the EPA to test the qudity of fresh water for svimming. (In st water a non-coliformtype
of bacteria caled enterococci is used).

Traditiond tests for coliforms and fecd coliforms require the inoculation of media containing lactose,
incubation under carefully controlled temperatures, and examination for the presence of gas from lactose
fermentation. Additiona specid media must then be inoculated and incubated a elevated, carefully
controlled temperatures to confirm the presence of fecd coliforms (E. cali). All these require extra
equipment and careful regulation of time and temperature. This gpproach is not only expengve and time
consuming, but can be less than precise in indicating the numbers of specific organisms present.

Asaresult of the difficulties and lack of precision inherent in the older technology, new gpproaches have
been devel oped and are being used very successfully. One of the best approachesis based on the fact
that in order for coliforms to ferment lactose, they must produce certain enzymes which can be identified
and used to verify the presence of the coliforms. Generd coliforms produce the enzyme galactosidase
in lactose fermentation and feca coliforms produce the enzyme glucoronidase in addition to
gdactosidase.
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The “Coliscan” method used in the Keeper program takes advantage of these facts. It provides a
smple, accurate and quantitative way to identify and differentiate coliforms and feca coliformsfrom
other bacteria. This method incorporates two specia chromogenic substrates which are acted upon by
the presence of the enzymes gal actosidase and glucuronidase to produce pigments of contrasting colors.
All that is needed to identify the presence and numbers of coliforms and fecd coliformsisto add atest
sample to the medium, pour it into a petri dish and incubate it at room temperature or a a higher
controlled temperature. Generd coliformswill produce the enzyme ga actosidase and the colonies that
grow in the medium will be apink color. Feca coliforms (E. coli) will produce both gal actosdase and
glucuronidase and will therefore grow as purple colonies in the medium. It is Ssmple to count the purple
colonies (E. coli) which indicate the number of fecd coliforms per sample. The pink coloniesindicate
the number of generd coliforms per sample. The combined generd coliform and feca coliform number
equas the tota coliform number. Any non-colored colonies which grow in the medium are not
coliforms, but may be members of the family Enterobacteriacese. Since the Coliscan contains inhibitors,
most other bacterid typeswill not grow.

E. SURFACE WATER QUALITY MONITORING KITS

Keeper has adopted the LaMotte tiddl water monitoring kit, (with severd adaptations) to monitor the
marine, estuarine and freshwater sourcesin the Cook Inlet watershed. Each kit should contain the
following materids:

Supply of Monitor Data Sheets 60 ml Water Sample Btls (3)
Pre-addressed stamped envelopes 250 ml Water Sample Btls (2)
Hne-point Sharpie & #2 pencil Manganous Sulfate Solution (30ml)
Rubber Gloves Alkaine Potassum

2.5gd. Plagtic Bucket wiline lodide Azide (30ml)

Didilled Water/Wash Btl Sulfuric Acid (30ml)

Weaste Containers (2) Titration Vid w/Cap (20ml)

1 ml Pipets (2 Titration w/Plunger & Extension Tip
Glass Stir Rod Sodium Thiosulfate (60ml)

Tide Tables Book Starch Indicator Solution (30ml)
MSD Sheets 4in 1 Hanna Meter

Borger Color System Booklet Hanna Ingtruction Book

Air Thermometer (red)

Water Thermometer (green) Nitrate Nitrogen Kit

Secchi Disk & Line 5ml Test Tubes w/Caps (2)

2 Turbidity Columns OctaViewer and Side
Standard Turbidity Reagent (60 ml) 1 Box Nitrate #1 Tablets
Turbidity Chart 1 Box Nitrate #2 Tablets

5ml Test Tubesw/Caps (2) LaMotte Ingtructions & Safety Card
Octet pH Comparators (2) Safety Card

pH Indicator Solution MSD Sheets

650ml Sdinity Cylinder

Hydrometer in Container Phosphate Test Kit

Hydrometer Ingtructions 10ml Test Tubes w/Caps (4)
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Octet Comparator and Axia Reader

Ampule of Didtilled Water Coliscan Bacteria Kit

Phosphate Acid Reagent (60ml) Plagtic Petri Dishes (3)
Phosphate Reducing Reagent (59) Coliscan Easygel® (3 btls)

Iml Pipet 1ml Pipet

0.1 gram Measuring Spoon 10ml Pipet (2)

LaMotte Ingructions Coliscan Data Sheet

Safety Card Micrology Labs Ingtruction Sheet
MSD Sheets

F. MONITOR DATA SHEETS

All data should be recorded on the standardized data sheets provided by the Monitoring Coordinator
(Appendix I). Please keep an ample supply of these sheets on hand and use afresh one for each
sampling event a each site. If you are running low, cal (907) 235-4068.

Data should be entered using afine-point "Sharpi€’ or other indelible marker. If the data sheet iswet
and the Sharpie won't write, use a#2 pencil and go over it with a Sharpie when the sheet dries. If you
make a mistake, draw one line through the characters in question, enter the new charactersto the
immediate right of the lined-out entries, and initid the change immediately after the new characters.

It may not dways be easy under field conditions, but try to write as legibly as possible, especialy when
entering numbers. All numeric data should be entered in the appropriate spaces, using the decimal
places provided on the form. When entering temperatures, please remember to specify if they are
negative. All letters and words should be printed. Record al of your observations and test results as
you go dong; don't rly on memory!

The first data you record on your data sheet should be the printed names of the monitors, the name and
number of the gtation, the date, and thetime. When entering the time be sure to circle either AM or
PM. Next, record the latitude, longitude and eevation of your ste and indicate whether you used a
GPS or atopographica map to determine thisinformation. (If you are returning to your regular
monitoring Ste you may copy thisinformation from previous deta sheets).

Findly, do not forget to have dl monitors sign the data sheet when testing is completel

VI.  MONITORING PROCEDURES

his section provides a step-by-step guide to the proper field and laboratory techniques needed
to successfully obtain credible water quality data.
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A,

FIELD PROCEDURE CHECKLIST

Below is the recommended order in which to conduct your tests. This order tends to maximize your
efficiency, and should keep your sampling activities to under one hour.

Put on safety gear (rubber gloves & eye protection).

Collect the water sample according to the procedure described later in this section.

Fill the black compartment of the Hanna Meter with digtilled/de-ionized water. (Thiswill need to
gand for a least five minutesin order to dissolve any salts that may have accumulated on the base
of the meter and presoak the electrodes).

Place air thermometer in shaded area near sample bucket to dlow it to sabilize.

Hang water thermometer inside sample bucket.

Perform steps 1 through 8 of the dissolved oxygen testing procedure as described later in this
section. Set sample bottles aside to alow the floc to settle out.

Fill out page one of the data sheet: monitor names, Ste name, site number, date, time, Site location,
ar temperature, wind and weather conditions, water surface condition, tidal stage, observations,
sketches or photos.

Compare and record the apparent color of the sample water.

Measure and record clarity of the sample water.

Read the water temperature and record it on the data sheet.

Measure and record the pH of the sample water.

Measure the specific gravity and record the salinity of the sample water.

Conduct Hanna Meter tests and record results.

Complete steps 9 through 17 of the dissolved oxygen test procedures and record the results.
(Steps 10 through 17 can be performed up to six hours after fixing as long as sample temperature is
maintained between +4°C to +10°C).

Measure and record Phosphate & Nitrate (freshwater only) content of water in sample bucket.

(Phosphate & Nitrate tests may be performed up to six hours after sample collection aslong as
sample temperature is maintained between +4°C to +10°C).
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=  Measure 1Iml, 3ml and 5ml quantities of sample water into pre-labeled coliscan sample bottles for
plating when you get home. (Plating should be performed within six hours and sample temperature
must be maintained between +4°C to +10°C until plating occurs).

= Check for completeness and legibility and have al team members sign the data sheet!

B. WHENYOUGET HOME

= Plate coliscan samples and incubate them. Results should be taken and recorded on 24 to 48 hours
after plating.

= Measure and record Phosphate & Nitrate content of sample water if this was not completed in the
fidd.

= Titrate the dissolved oxygen samples and record the resultsif thiswas not completed in the fidd.

= Follow the indructions under “When Y ou're Done Tegting” in the next section of this manud to
clean and stow your equipment and take care of wastes.

= Make sure children and pets cannot get at the equipment and reagents.

= If you're running low on any reagents, or if any of them are changing in color or consistency, contact
the Monitoring Coordinator at (907) 235-4068 for afresh supply. Also contact the Monitoring
Coordinator if any of your equipment has been acting oddly.

C. FIELD OBSERVATIONS

When you arive a your sampling gte, first put on your safety gear, then collect your water sample
following the procedures described below. Fill the black compartment of your Hanna Meter with
digtilled water and st it asde. Remove the plagtic shesthe from your water thermometer, (green filled
Cdsus thermometer) hang it indde your sample bucket and hang your air thermometer (red filled
Fahrenheit thermometer) nearby. Perform the first 7 steps of the dissolved oxygen test, then begin
collecting and recording data.

Air Temperature

The ar thermometer should be hung somewhere where it's not leaning againgt any solid object and
where it's protected as much as possible from direct wind and sunlight.

The thermometer will take at least five minutes to equilibrate. 1t might teke longer if it has to adjust for
large changes in temperature - for example, if you've been carrying it inawarm car on acold day. If
you've waited the five minutes but the reading looks warmer or cooler than you expected, wait another
minute and seeif the reading changes. Keep checking at one-minute intervals until the reading comes up
the sametwicein arow - it shouldn't take longer than ten minutes for this to happen. Once the
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thermometer has equilibrated, read the air temperature to the nearest 1°F and record it on your data
shest.

While you're waiting for the thermometer to equilibrate, you can fill in the first page of your deata shet,
beginning with monitor names, Site name, number and location, date and time.

Wind and Weather

In light, unsteady winds, you may have trouble judging wind direction - try tying a piece of ribbon or
yarn to apole or other upright object at your site. Record thewind directionasN, NE, E, SE, S, SW,
W, or NW. Determine the wind speed using the Beaufort Wind Scale (Appendix H) and record the
range you observe a your Stein mph. Also note whether the wind is gusty, steedy or variable.

Usethelig of adjectivesin the “Weather” box to describe overdl weather conditions and estimate the
inches of precipitation during the past 24 hours to the best of your ability. As previoudy mentioned, you
can obtain arain gauge from the Monitoring Coordinator to track rainfal or find a neighbor who is
dready tracking rainfdl and will share the information with you. Report the type of precipitation that has
fallen and record the number of consecutive days these westher conditions have perssted, including the

day of sampling.
Water Surface & Tidal Conditions

Usethelist of adjectives provided to describe the surface of the water at your ste. A tide table for the
current-year isincluded in your kit. Use it and the worksheet in this section to determine and plot the
dage of the tide a the time of sampling. Begin by recording the digtrict from which you are reading your
tides— thisislocated at the top of each page of tide charts. Y ou should choose the district closest to
your ste (in the case of Kachemak Bay, thiswill be the Seldovia Didrict). Next, go to the back of your
tide book to find and record your location within the district. Then look to the right of your location and
find and record the tidal corrections as they are shown (time corrections in minutes, first for high tide,
thenfor low followed by height correctionsin feet, firgt high, then low). Using these corrections record
the time and height of the four most recent tide cycles. From this information you can determine where
you are a in the present tide cycle. Usethe Guide to Tida Stages (Appendix K) in reporting the tide
stage. Once you have recorded the tidal stage, plot it on the Tidd Chart.

The data sheet a0 includes space to record a recent tide or bank mark description. The firgt time you
sample a your Site you should locate a stationary object (large rock, bridge piling, partidly submerged
tree, etc.) and use it to reference the water level. Each time you return you should make a comparative
measure of thetidal stage or stream level based on this reference.

Comments & Observations
Now take a moment to exercise your senses. Look around your sampling Ste. Note how humans,

livestock and wildlife are using the water. Look for tracks and other Sgns of vistors. Ligten for birds
and other wildlife aswell asfor the sounds of human activity that might affect water quality.



Be aware of any odorsin the area and smell the water itsef. The human nose can accurately detect a
wide variety of samells, making it an effective odor-testing device. Use your hand to wave the air above
your water sample toward you. If you detect an odor, usethelist in Appendix L to describeit.

Record dl your observations, including: abnorma color, oil dicks, foam on the water, algae blooms,
unusud odors, fish kills or other dead plants or animds, sightings of live fish or other animas including
humans, sgns of erosion, trash or debris.

The comments and observations section should also be used to report any problems you have with
sampling procedures or equipment (including the data sheet itself). Suggestions for improvement are
adways welcome,

Photosor Sketch Illustrating Site/Observations

Space has been provided to attach photos or make to make a sketch showing the layout of your site
and the locations of what you have described in your comments and observations. Do your best to
make a scale drawing of the area surrounding your Ste during each sampling event and mark the
location of each observation you have recorded.

As previoudy mentioned, you should photograph your Site during your first sampling. Taking photos of
your ste periodically there after will help to get a sense of its seasond and other variations. Takethe
time to photograph your Site at least four times ayear o that we can create a photo journd
documenting changes over time.

D. COLLECTING THE WATER SAMPLE

A few yards away (preferably downstream or down current) from your exact sampling sSite, rinse the
plastic bucket three times with the water to be sampled. Now go over to your site, lower the bucket
gently into the water, and fill it to aleve about 2 inches from thelip of the bucket. If the water at your
dteismore than an arm's length away, your bucket should have aropetied to the handle. After
securing the other end of the rope to something solid, fill the bucket by turning it upside down and
dropping it Sraight down into the water. Thiswill help avoid the futility of having the empty bucket
floating al over the surface and refusing tofill. If you are working in very shdlow water, do not disturb
the bottom while collecting the sample.

Be careful not to artificidly increase the dissolved oxygen content of the water you're sampling. This
can happen if you splash the water around too much before you sampleiit - that's why you should rinse

your bucket afew yards away from your sampling Ste.  Once you've got the sample, handle it gently.
Avoid jostling the bucket or dashing the water around.

E. TESTING PROCEDURES

Apparent Color
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Compare the color of the water in your sampling bucket with the BCS numbersin the Borger
Color System booklet (if deciding on one BCS number istoo difficult, you may use up to 2
BCS numbers to describe apparent color).

2. Record a one or two word description of the apparent color of your sample as well asthe
corresponding BCS number on your data sheet.

3. Rinse a Turbidity Column three times with sample water then fill it to the 50ml line and again
compare and record its apparent color and corresponding BCS number.

Turbidity (Clarity)

In water deeper than 3 meters you will test for turbidity usng two methods. First use a Secchi disk to
test both overdl water depth and water clarity or turbidity.

1.

Attach the end of the Secchi disk line to a Sationary object and dowly lower the disk into the
water until you fed it touch bottom.

Note where the line bresks the surface of the water. Slowly pull the linein, and as you do so
keep one hand on the spot where it broke the water’ s surface.

The Secchi disk lineismarked in red at every meter and in black at the half meter, yelow tape
marks every five meters. Count the marks from the waterline to the Secchi disk and record this
to the nearest %2 meter as the bottom depth on your data sheet.

Sowly lower the disk into the water again until it disgppears from sght.

Carefully rase the disk until you can just make it out in the weter.

Note where the line breaks the water’ s surface. Again, pull it in and count the marksto

determine and record the Secchi depth of the water to the nearest %2 meter. (If you can see the
disk when it is on the bottom your bottom depth and Secchi depth are the same).

In the case of shalow water sampling stations (less than 3 metersin depth) you will use only the second
method for determining turbidity.

1.

Use the Turbidity Column you have previoudy filled to the 50 ml line with sample weter for the
gpparent color test.  Stir the sample with the glass stirring rod in order to distribute turbidity
particles. Look vertically through the tube. If the black dot on the bottom of the tubeis not
visible when looking through the column of liquid, pour out asufficient amount of the test sample
s0 that the tubeisfilled to the 25 ml line. If you sill cannot see the dot, record the turbidity as
"greater than (>) 200 JTU," otherwise, go to step 2.

Fill the second Turbidity Column with an amount of distilled water equa to the amount of
sample being measured (eg. 50 ml or 25 ml). Thisisthe "clear water” tube.
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3. Pace the tubes sde-by-gde, and note the difference in clarity between the two. If the black
dot isequdly clear in both tubes, then the turbidity of the sample water is zero. If the water in
the sample tubeisless clear, go to step 4.

4, Shake the Standard Turbidity Reagent bottle vigoroudy. Add 0.5 ml to the clear water tube.
Str contents in both tubes to again digtribute turbid particles. Check the amount of turbidity by
looking down through the solution at the black dot. If the turbidity of the sample remains
greater than the clear water tube, continue to add Standard Turbidity Reagent in 0.5 ml
increments, girring after each addition until the turbidity in each tube gppears equa. Record the
total amount of Standard Turbidity Reagent added.

5. Each 0.5 ml addition to the 50 ml sizeisequd to 5 Jackson Turbidity Units (JTUs). If a25ml
sample is used, each 0.5 ml addition of Standard Turbidity Reagent isequd to 10 JTUs. Use
the table below to record the turbidity reading in JTU’ s on your data sheet. Rinse each tube
carefully after eech measurement.

6. It is dso important to record the temperature of the water at the time of the turbidity reading
following the ingtructions below.

TURBIDITY TEST RESULTS
Number of Amount (ml) 50 ml Graduation 25 ml Graduation
Measured Additions
1 0.5 5JTU 10 JTU
2 1.0 10 JTU 20JTU
3 1.5 15JTU 30JTU
4 2.0 20JTU 40 JTU
5 25 25JTU 50 JTU
6 3.0 30JTU 60 JTU
7 35 35JTU 70JTU
8 4.0 40 JTU 80JTU
9 4.5 45 JTU 90 JTU
10 5.0 50 JTU 100 JTU
15 75 75JTU 150 JTU
20 10.0 100 JTU 200 JTU

Water Temperature

1.

The water thermometer should be submerged in your 2 %2 gallon sample bucket for at least 1 Y2
minutes prior to measurement.

L ocate the bucket away from direct sunlight or wind (on particularly cold days, try to minimize
the time the bucket is exposed to ambient air, because the cold air temperature may skew your
water temperature reading).



3. Remember to hold the thermometer on the end that is opposite the bulb! Keep thetip of the
thermometer submerged (do not lift thermometer from water to read!). Read the temperature
while looking at the thermometer perpendicular to the stem.

4, Record the temperature to the nearest 0.5°C.

pH

1 Rinse two (2) amdl test tubes with sample water threetimes. Fill each tube to the 5ml line with
sample water.

2. While holding the dropper verticaly, add ten (10) drops of indicator solution (green, Wide
Range Indicator Solution) to each test tube.

3. Cap, invert and shake each tube severa timesto mix.

4, Remove the caps and insert each tube into the Octet Comparator (Black Box) and match
sample color to appropriate color standard. HINT: Hold the comparator up o thet light enters
through the specid light-diffusing screen in the back, but avoid viewing the comparator against
direct sunlight or an irregularly lighted background.

5. Read pH measurement to the nearest 0.5 value, compare both tubes for consstency, and take
the average of the two measurements and record it asthe find pH measurement. If thereisa
sgnificant difference between the two measurements (i.e. 1.0 pH unit difference), then make a
note and repest the test.

Salinity

1 Rinse the 650 ml clear plagtic hydrometer cylinder three times by pouring smal amounts of
water from the sample bucket. Then, fill the hydrometer cylinder to within 2 inches of the top
with water poured from the bucket.

2. Hang the water thermometer in the cylinder so thet it istotaly immersed, and readable through
the sde of the cylinder.

3. Carefully remove the hydrometer from its padded case and insart it into the cylinder, until it

beginsto float then give it adight twist to remove bubbles. Take care that the hydrometer does
not hit the bottom hard (it might break), and that drops of water do not splash on to the
hydrometer slem above water level. Allow the hydrometer to float fredy. (If the hydrometer is
resting on the bottom of the cylinder you need more water.)

The accuracy of the hydrometer depends on its having exactly the same weight as when it was
cdibrated in the factory. Anything that changes that weight - dried st from previous use,
grease from fingerprints, water droplets on the portion of the stem that's not submerged - will
throw the results off.

To avoid the fingerprint problem, handle the hygjrometer asllittle and aslightly as possible. This
amost sounds like a contradiction - it'sfragile, so you don't want to drop it, but neither do you
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Wait until 3 minutes have gone by since Step 2. Read the temperature of the water in the
cylinder to the nearest 0.5°C and record it on your data sheet in the space below the specific
gravity reading.

Read the specific gravity from the scale on the hydrometer stem to the nearest 0.0005 and
record it on your data sheet. Be sure to take the reading:

> Without touching the hydrometer.

> With your eyes at the same leved as the water surface in the hydrometer cylinder (viewing the

scale up or down at an angle can give an incorrect reading).

» At the point where the flat water surface would cross the hydrometer ssem. Y ou will notice that

the water curves up dightly next to the wall of the stem (the curve isameniscus, and it isthe
same effect witnessed during the dissolved oxygen test). M ake sur e you measur e your
result from the bottom of the curve, not the top.

Don't worry if the water temperature you read in the hydrometer cylinder is different than the
one you measured previoudy in the sample bucket. The whole point of measuring the
temperature in the cylinder is that the bucket's been sitting out for awhile by now, and the
temperature has probably changed. Furthermore, the temperature of the water in the cylinder
could change as you work!

The relationship between specific gravity (what the hydrometer measures) and dinity (what
we're trying to determine) is very temperature dependent, o it's important to know the exact
temperature a which you're reading the hydrometer.

6.

Re-check the water temperature reading you recorded earlier.

Use the hydrometer conversion chart (Appendix J) to convert your specific gravity reading to
inity in parts per thousand. Run horizontally across the table until you find the column for the
temperature at which you took the reading. Then run down the column until you get to the row
for the specific gravity you recorded. If the temperature at which you read the specific gravity




fdls between two of those listed in the table, it the difference, dways rounding to the even

number.
Hanna Meter
1 Record the number written on your meter.

2. Fill the black compartment at the base of the Hanna meter with distilled water and let it stand for
five (5) minutes to allow any dissolved sdts on the eectrodes to disspate and to pre-soak the
electrodes. (Y ou may have completed this step earlier — if S0 you do not need to repest it).

3. Carefully flush out the black base compartment three (3) times with sample water. Do not
immer sethe meter above the maximum level indicated by a line on the base of the
meter.

4, Fill the black base compartment with sample water, let it Sabilize for 15 seconds, then record
theinitid Temperature.

5. Press the meter's Range Switch, wait 15 seconds, then record three (3) sequentia readings for
Conductivity at 15 second intervals.

6. Press the Range Switch again and wait 15 seconds. Record three (3) sequentia pH readings at
15 second intervals.

7. Press Range Switch once more and wait 15 seconds. Record three (3) sequentid Oxidation
Reduction Potentid (ORP) readings at 15 second intervals

8. Press the Range Switch and wait 15 seconds. Record the find Temperature reading.

0. Caculate an average for each parameter (i.e. add all readings for each parameter and divide by
the total number of readings for that parameter) and record each parameter's average on your
data shest.

Dissolved Oxygen (DO)

When you begin the fixing process for DO (steps 1-9) start by recording the time and the current
temperature of the water in your sample bucket in case it has changed since you first recorded it. As
you work through the DO testing procedure, you'll notice the emphasis to avoid trgpping any air
bubblesin the sample or splashing it around too much. The point is to avoid changing the amount of
oxygen dissolved in the water by contact with the oxygen in the air.

To assure more precise dissolved oxygen measurement, three 60 ml sampleswill be prepared for
titration. Y ou will begin by titrating a 20 ml portion of each of these samples. If the results from all

three titrations fal within arange of less than 0.6 mg/l you will average these results and report this as
your DO average. If the difference between any two titrationsis 0.6 mg/l or gresater, titrate another 20
ml portion of the 60 ml sample which reads outside of therange. If the result is il different from one or
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both of your other samples by 6 mg/l or more then average only the two closer readings and record this
number as your DO average. If no two of your three origind readings fall within a0.6 mg/l range you
will have to repeat the titration process on three new 20 ml portions of each 60 ml sample. Record the
results of dl titrations (even those you suspect are in error) and average only those which fal within the
0.6 mg/l range.

1 Mark the labels of three 60ml sample bottles with your site number and the letters“A”, “B” and
“C.

2. Rinse each bottle with small amounts of water from the bucket threetimes. Rinse the outsdes
of the bottles and the caps aswell.

3. Tightly cap the mouth of the bottle marked “A”. Holding the bottle Sdeways, submergeit to
mid-depth in the sample bucket, and remove the cap to dlow the bottle to fill.

4, Turn the submerged bottle dowly to avertical position (mouth up) and tap the Sides with the
cap to didodge any ar bubbles dinging to theingde. Replace the cgp while the bottle is il
submerged.

5. Retrieve the bottle and examine it carefully to make sure that no air bubbles are trapped insde.
Once asatisfactory (i.e. bubbleless) sample has been collected, repeat Steps 2 through 4 with
bottles"B" and "C".

6. Uncap al three samples. Add 8 drops of manganous sulfate solution (pink reagent) to each
sample.

7. Add 8 drops of akaline potassium iodide azide (clear reagent) to each sample. Be sure to add
the manganous sulfate first. Drop the solutions in gently to avoid splashing and mixing in air.
Hold the reagent bottles vertically, and do not alow the dropper tips to touch the sample.

8. Cap each sample bottle carefully and mix by repeatedly tipping capped bottle back and forth in
a gentle rocking motion for fifteen seconds. A fluffy, white to brownish precipitate will form.
Set the battlesin their holesin the LaMViotte monitoring kit; the styrofoam will help keep the
samples at a constant temperature. Allow the precipitate to settle athird of the way down the
bottles (past the neck and down to the shoulder of the bottle), so that it fills only the bottom
two-thirds. Settling may take as long as an hour at cooler temperatures, but it will usualy be
faster.

Because sttling takes sometime, it is recommended that steps one through seven be performed
soon after you arrive at the sampling ste. While the precipitate is settling you can record field
observations and conduct your color, turbidity, water temperature, pH, sdinity and Hanna
Meter tests and record your results.

The settling can take awhile, especidly in cold weather, and it's better to alow plenty of time
for the DO fixing process. Once the precipitate is settled, continue with Step 9 of the DO
procedure.
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After the samples have been gently mixed and allowed to settle, return to the DO procedure
at thispoint:

0.

Add 8 drops of sulfuric acid (clear solution) to the first sample bottle marked "A." Cep the
bottle and mix by tipping gently as before until the precipitate hes dissolved. Depending on the
oxygen content of the sample, aclear yellow to brown-orange color will develop asthe
precipitate dissolves.

Add the acid to dl three sample bottles at thistime. The dissolved oxygen in your samplesis
now bound up in thefloc (i.e. "fixed"). Aslong asyou keep the samples cool and in the dark,
you can complete the anadlysis any timein the next Sx hours. In inclement wegther, you might
want to take your treated samples home and finish the DO titration there.

10.

11.

Rinse the titration vid (it islabeled "Code 0299" and has aflat lid with hole in the center) with a
smdl amount of the solution from the sample bottle, then fill it to the 20-ml line. (Youll notice
thet the upper surface of the solution in the cylinder may curve up or down dightly; this curving
upper surface is known as the meniscus. It's the bottom of the curve that should be level with
the 20-ml mark, not the portion near the walls of the cylinder).

Depress the plunger of the direct-reading titrator (the smdl syringe) to expd ar. Holding the
plunger tightly down, insert the titrator into the pladtic fitting of the bottle of sodium thiosulfate
(titrator) solution. (This bottle is dightly larger than the others and does not have a dropper tip.
The sodium thiosulfate solution is colorless)  Invert the bottle and withdraw the plunger dowly
until the bottom of the plunger is about half an inch past the zero mark on the titrator scae.

Asyou gart to withdraw the plunger, inspect the solution filling the syringe for air bubbles,
epecidly a thetip of the plunger or in asilvery rim around the tip. If bubbles appear while
you've only got asmal amount of solution in the titrator, pump the solution back into the
thiosulfate bottle, pressing the plunger down quickly and firmly. Bubbles tend to be a particular
problem when the dry titrator isfilled for the firdt titration of the day. 1t may be necessary to
pump the solution back and forth severa times to get the plunger surface wetted.

Once you've gotten asmal amount of sodium thiosulfate solution into the titrator without
bubbles, continue to ingpect for bubbles as you dowly withdraw the plunger. If you spot a
bubble when the titrator is nearly full, remove the titrator from the thiosulfate bottle, hold it over
your wastewater bottle, and press the plunger down until the bubbles are expelled. Resttach
the titrator to the thiosulfate bottle and continue filling to beyond the zero mark.

In a perfect world, you would never squirt solution back from the titrator into the bottle of
thiosulfate. If there were contaminants on the ingde of the titrator, you would risk
contaminating your entire supply of reagent. Ingedity, however, it is dmost impossible to get
rid of the bubbles without pumping small amounts of solution back and forth. 'Y ou should
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12.

13.

Turn the thiosulfate bottle upright and carefully remove the titrator. Hold the titrator over your
wastewater bottle and press the plunger dowly downward until the lowermost tip of the black
rubber plunger is opposite the zero mark. Inspect thetitrator carefully for air bubbles.

Insert the titrator into the central hole of the titration vid cap until it sngpsinto place. Add 1
drop of sodium thiosulfate and swirl the tube (with the titrator till attached) to mix it. Continue
thistitration process one drop at atime until the yellow-brown solution in the tube just beginsto
fade or get lighter. The solution should be a pae yellow color - about the shade of pae straw.

Gently remove the titration vid cap with the titrator il attached. Be very careful not to change
the pogition of the plunger or to shake any fluid loose fromitstip. Add 8 drops of starch
indicator solution to the titration tube. The sample solution should begin to turn from pae yelow
to dark blue.

If you're unsure of the exact point a which to add the starch solution, it's better to do it alittle
early than too late.

14.

15.

Replace the cap with the titrator carefully on the titration vial and swirl until the solution turnsa
uniform blue. Continue the titration process described in Step 10. Be sure to gently swirl after
each drop. Continue the titration until the solution just turns from blue to clear - the first
complete disappearance of the blue color isthe endpoint of the titration. (If the solution turns
blue again amoment later, ignoreit.) Hold the solution againgt a sheet of white paper (for
example, your data sheet) to check the color.

If your sample has aredly high oxygen content, you may haveto refill the titrator in order to
reach the endpoint. Do not completely empty the titrator into the titration sample. The plunger
should be lowered only far enough so that the lowermost tip of the black rubber plunger islevel
with the 10-unit mark on the scde. If you reach this point without hitting the endpoint of the
titration, remove the titrator from the titration vid. Réfill the titrator to the zero mark again as
described in Step 10 and continue the titration.

Read the tota number of units of sodium thiosulfate used in the titration from the scale opposte
the lowermost tip of the black rubber plunger. The divisons arein 0.2 units, but you should be
able to read the results to the nearest 0.1 units.

If you hed to refill the titrator, remember to add in the ten units from the first filling. The number
of units used equas the milligrams per liter (mg/l) of oxygen dissolved in the water. Record this
figure on your data sheet to the nearest 0.1 mg/l.
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16 Carry out Steps 10 to 15 on the sample bottlesmarked "B" and “C”. If dl three titration values
are within 0.6 mg/l of each other, average them together and record the result to the nearest 0.1
mg/l asthe DO average. If any two titration readings differ by 0.6 mg/l or more, titrate another
20 ml sample from the bottle whose reading fell outsde the 0.6 mg/l range. If the second
titration gtill shows a vaue different from the others by 0.6 mg/l or more then average only the
two which fal into the 0.6 mg/l range and record the result asthe DO average. If no two of
your three origina readings fal within a 0.6 mg/l range, repeat steps 10 through 16 using three
new 20 ml portions of each sample. Record the results of dl titrations (even those you suspect
arein error) and average only the two or three values which fal within the 0.6 mg/l range.
Discard the contents of the sample bottles in your wastewater bottle.

17 Caculate the percent of saturation by finding the water temperature you recorded at the time of
“fixing” on the chart below and comparing the DO average you recorded to the maximum
dissolved oxygen concentration for water at that temperature. Divide your average DO
measurement by the maximum measurement on the chart and multiply your results by 100.
Record this as the percent of saturation for your sample.

For example, if your sample water temperature at the time of fixing was 5°C the maximum
dissolved oxygen concentration would be 12.75. 'Y ou would then divide your DO average by
12.75. If your DO average was 10 then your percent saturation would be (10+12.75)x100 or
79%.
Maximum Dissolved Oxygen Concentration
Temperature Dissolved Oxygen Temperature Dissolved Oxygen
°C mg/L °C mg/L
0 14.60 16 9.85
1 14.19 17 9.65
2 13.81 18 9.45
3 13.44 19 9.26
4 13.09 20 9.07
5 12.75 21 8.90
6 12.43 22 8.72
7 12.12 23 8.56
8 11.83 24 8.40
9 11.55 25 8.24
10 11.27 26 8.09
11 11.01 27 7.95
12 10.76 28 7.81
13 10.52 29 7.67
14 10.29 30 7.54
15 10.07 31 7.41




DISSOLVED OXYGEN TITRATION TIPS

The DO titration is easily the most complicated field procedure you'll be doing. Here are afew tipsto
help you get through it more efficiently and accuratdly:

v

v

Be sure your sample bottles are clean and rinsed 3 times with water from your sample bucket.

After filling asample bottle, check it carefully for bubbles - the oxygen trapped in the air bubbles
will throw off your results.

Hold the dropper bottles verticaly when adding the manganous sulfate (reagent #1) and akdine
potassum iodide azide (reagent #2) solutions. Try to avoid splashing that may introduce air into the
sample. Be sure to add the manganous sulfate first.

Since the sample bottle is supposed to be completely filled, without any air space, some of the
sample may overflow as you add the reagents. Don't worry about this.

The manganous sulfate and dkaline potassum iodide azide solutions are added in excess. The
precise number of dropsis not critical as long you add enough manganese to bind up dl the
dissolved oxygen and enough iodide to mop up al the manganese. Try for 8 drops, but if you
accidentally add 9 drops instead, that's okay. If you lose count and are not sure whether you've
added 7 drops or 8, add an extra one.

The manganous sulfate and dkaline potassum iodide azide solutions should be added to the
samples as soon as possible after collection. Once these reagents and the sulfuric acid have been
added and mixed, the samples can be held for up to 8 hours before finishing the analysis (we
recommend completing titration within 6 hours if possible). They should be protected from light and
kept a or near the temperature of the water they were collected from.

Allow enough time for the fluffy, white to brownish precipitate (the floc) to settle athird of the way
down the bottle (at least to the bottl€' s shoulder) after mixings. Impatience may result in an
incomplete reaction and fase low results.

The sulfuric acid (reagent #3) is aso added in excess - try for 8 drops, but 9 are okay. Adding the
acid should dissolve dl of the fluffy or "gloppy" precipitate. If 8 drops don't do the trick, continue to
add acid one drop a atime until the gloppy precipitate dissolves. Y ou may find that your sample
contains dark, solid-looking grains of organic materid or sediment that do not dissolve. Ignore
these; they will not affect the test results.

It is criticd that the amount of sample to be titrated is measured out carefully. The bottom of the
meniscus (the curved surface of the liquid) should be levd with the 20-ml mark on the titration bottle
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Itiscritica that the titration be performed carefully. Before starting, check that the syringe plunger
moves smoothly. If it ssemsto be sticky, Iubricate it with a bit of sodium thiosulfate solution.
(Remember to rinse it with fresh water when you get home.) If the problem persigts, report it to the
Monitoring Coordinator.

Check thetitrator carefully for ar bubbles after filling. The volume taken up by the bubbles will
produce inaccurate readings of the volume of thiosulfate solution used in thetitration. Do not
proceed with the titration until your titrator isfull and bubble free.

Measurement of the amount of thiosulfate solution used in thetitration is critical. At the dart of the
titration, the lowermogt tip of the black rubber plunger should be level with the O-unit mark on the
top of thetitrator scdle. Handle the titrator carefully after filling it, taking specid care not to move
the plunger inadvertently. Moving the plunger accidentaly downwards will expel solution; moving it
upwards will draw air into the syringe.

If your sample contains more than 10 mg/l dissolved oxygen, you will haveto refill the titrator during
theftitration. Thisisespecidly likely to happen if you're sampling water that can hold more oxygen -
i.e., cool water (less than 10°C or 50°F) or water with an unusualy low sdinity. Onetip-off that
you've got high oxygen levelsis that when you add the sulfuric acid, the solution turns a brown-
orange color aslots of iodineis created.

As the plunger approaches the bottom of the titrator, be sure not to depress the lowermost tip of the
black rubber plunger below the 10-unit mark on thetitrator scde. If you depress the plunger
further, you are adding an unknown volume of thiosulfate to your titration sample. When the
lowermogt tip reaches the 10-unit mark, remove the titrator from the titration tube and refill the
titrator.

Exactly when and how much of the starch indicator solution is added is not critical. The important
thing isthat the sample turnsblue. If you have a sample with low oxygen levels, adding the sulfuric
acid may cause it to turn apale yelow or pae straw color before you've added any thiosulfate at all.
In this case, you'll want to add the starch indicator before you Start thetitration. It's aways better to
add the starch solution a bit too early than too late.

Once you've reached the pae-yelow color and added the starch indicator, proceed with the
titration dowly and carefully so that you don't overshoot the endpoint.

If the sample fails to turn blue when you add the starch, this means that you've dready added too
much thiosulfate and overshot the endpoint. If this happens, or if you overshoot after adding the
gtarch, discard the results of thistitration. Measure out a second titration sample from the same
sample bottle and repesat the procedure.

The first complete disgppearance of the blue color isthe endpoint. If you see the solution turn blue

again amoment later, ignoreit! The "re-bluing” effect is caused by the interference of other
chemica compounds in the sample.
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Nutrients

When feasible, nutrient testing should be performed on Site; however, ininclement wegther it is
permissible to labd the 250 ml sample bottles provided in your kit with the date and your site name and
fill them with water from your sample bucket to be taken home for testing. If you do this, you must
keep your samples cool (between 4°C and 10°C) and complete dl testing within six hours of sampling.

Ortho-Phosphate

1.

10.

11.

12.

Rinse 3 test tube from your LaM otte Phosphate Test Kit three times with sample water and fill them
to the 10ml line with water from your sample bucket.

Use the 1ml pipet to add 1ml of Phosphate Acid Reagent to one of the three sample tubes. Cap
this test tube and mix by repeatedly inverting it for five seconds.

Use the 0.1g spoon to add one level measure of Phosphate Reducing Reagent. Cap the tube again
and mix for another five seconds or until al powder isdissolved. Wait five minutes.

Pace the Axid Reader on aflat surface with the label facing awvay from you.

Insert the Low Range color comparator into the Axia Reader with the labels and blue vids facing
toward you.

Insert the ampule of ditilled water into the square hole on the |eft Side of the comparator.

When it has been five minutes, remove the cap from the sample test tube to which you have added
the reagents and insart it into the dot in the Axid reader which isdirectly behind the distilled water
ampule.

Insert the two test tubes of untreated sample water into the dotsin the Axiad Reader on either Sde
of the sample tube.

Side Axid Reader up until the top of the Reader is even with the top of the color comparator.

Place the comparator so that naturd light (or strong fluorescent light) shines down through the test
tubes.

Compare the color in the center (sample) test tube to the colorsin the top left corner of the
comparator. If the color of your sampleis darker than these color standards move the Axid

Reader down s0 the bottom is even with the bottom of the comparator and compare the center tube
to the colorsin the lower left hand corner of the comparator. If your sampleis still darker than the
color sandards, move the ampule and al three test tubes to the right side of the comparator and
Axia Reader and repeat the comparison process.

Once you have matched the color in the sample tube to a color standard, note the shade of blue
(clear, faint, light, medium, dark) of the sample on the Monitor Data Sheet.
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13. Record the number of the matching color standard as Ortho-Phosphate in ppm on your data sheet.
Nitrate/Nitrogen

1. Rinse one square test tube from your LaMotte Nitrate Nitrogen Tablet Kit three times with sample
water and fill it to the 5ml line with water from your sample bucket.

2. Add one Nitrate #1 Tablet to the tube. Cap the test tube and mix by inverting repeatedly until the
tablet dissolves completdly.

3. Addone Nitrate #2 CTA Tablet to the test tube. Cap the tube again and mix until the tablet
disolves completely. Wait for 5 minutes.

4. Repesat seps 1 through 3 using the second test tube from your Nitrate Nitrogen Tablet Kit.
5. Insert the Nitrate-N color dide into the Octa-Side viewer.

6. Insart thefirg test tube into the top of the dide viewer.

7. Note the shade of pink (clear, faint, light, medium, dark) of the sample on the data sheet.

8. Match the sample color to acell of the color dide and record the number of that dide as Nitrate-
Nitrogen in ppm on your data sheet.

9. Repeat Seps 6 through 8 with the second test tubein order to verify your results.
10. Multiply the color dide number by 4.4 and record the result as Nitrate in ppm.
Coliform Bacteria

1. Useyour sharpieto mark the lids of 3 bottles of Coliscan Easygd ™ with the numbers 1, 3 and 5.
Use the Sterile pipet included in your kit to carefully draw a 1ml water sample from your sample
bucket and deposit it into the Easyge ™ bottle you have marked as 1. Next, carefully draw and
deposit a 3mL water sample from your bucket into the bottle of Easygel ™ marked with a 3.
Repeet the process once more, this time drawing and depositing a 5SmL sample into the bottle
marked 5.

Step 1 should be performed in the field. Step 2 will need to be performed once you get home.
In the meantime, your sample bottles must be kept cool (between 4°C and 10°C).

2. Mark thelids (the larger hdf) of three pretreated petri dishes with the date, the time, the name and
number of your sampling site, and the amounts 1ml, 3ml and 5ml. (Keep your writing close to the
edge of thelids). Match the bottles of Coliscartwater mixture to the petri dishes marked with the
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same number. One at atime, pour each bottle of Coliscan-water mixture into the bottom hdf (the
gmadler half) of its respective petri dish. Cover the dishes with the designated lids and gently swirl
the liquid so that it covers the entire bottom of the dish.

3. Placethe petri dishes containing the Coliscan-water mix in awarm place and incubate for 24 to 48
hours.

Optimdly, sample temperatures should be maintained between 30°C and 37°C (85°F-99°F)
during incubation. 'Y ou may be able to accomplish this a home by placing your petri dishes
under areading lamp and monitoring the temperature with the air thermometer from your kit.
Coliscan samples can dso be incubated a room temperature, but an additiona 24 hours should
be added to the incubation time.

4. After about 30 to 40 minutes the Easygd ™ will set into agel form. Once this occurs turn esch
entire petri dish over and continue incubating.

5. After 24 hours have past, count the number of purple colonies that have formed in the petri dish.
(Using the quadrant grid on your Coliscan Data Sheet will facilitate counting). Thisisthe fecd
coliform (E. coli) count for thissample. Next, count the number of pink or red colonies and add
thisto the feca coliform count. Thisisthetota coliform count for the sample. Record the fecd and
tota coliform counts for each sample (1ml, 3ml and 5ml) in the 24 hour incubation spaces on your
Coliscan Data Sheet. Repest this counting procedure after atotal of 48 hours have past snce
plating and record the results on your Coliscan Data Sheet in the 48 hour incubation spaces and on
your Monitor Data Shest.

F. SaMPLE CusTODY

Keeper monitoring and testing procedures are generdly conducted in thefidd. If asampleis deemed to
require laboratory testing, it should be handled using the following chain of custody procedure:

Samples are to be labeled (see example below) and logged in a monitor notebook upon
collection.

In the field, samples are the responsibility of the monitor team leader and should remain in
that person’s custody.

Once samples have been collected they are to be brought to the Keeper officein atimely
manner, where they are logged in for temporary storage.

Samples are refrigerated to maintain atemperature between 4 C and 10 C.

The Monitoring Coordinator is then responsible for transporting samplesto an ADEC or
EPA certified laboratory for anaysis.

Laboratory personne will record the date and time the sample arrives at the lab.

After samples are andyzed, laboratory information is added to the label.

A Sample Custody Form (see Appendix M) will be used to record all transport and storage
informetion.



When samples are to be delivered to the Alaska Department of Environmentd
Conservation (ADEC), an officid State of Alaska ADEC sample collection form will be
used asthe ‘chain of custody’ document.

The CEMP commitment includes the investigation of additiona testing. If other tests are identified
which require different sample custody procedures, they will be specificaly devel oped and added to this
manud.

Sample Container Label

COOK INLET KEEPER
(907)235-4068

Field Infor mation: Type of Sample:

Site#: _ Location: Sample Number __ of _
Preservation Method: Gear: Dae [ |
Time __ AM PM Monitor Name:

Phone: Monitor Signature:

Lab Information:

Date: [ | Time AM PM Phone:

Analyst: Signature:

G. COMPLETING & SUBMITTING DATA SHEETS

Please make sure that al monitors sign the Monitor Data Sheet next to their printed name. Send in data
sheet(s) as soon as possible after sampling and testing is complete, or drop them off at the Keeper
officein Homer's Lakeside Mdl. Thiswill help us keep our database up to date and dert the
Monitoring Coordinator to the development of potential problems. Before mailing, please make a copy
of the sheet for your own files. On a quarterly basis, Keeper will send you printouts of your datato
check for errors, so you'll need copies of the original data sheets. The copieswill o be lifesaversif
the origind sheets get logt in the mail. If you are bringing the sheet in yoursdf, you can make a copy on
our office copier. Data sheets can be mailed in the stamped, pre-addressed envelopes provided or in
any envelope addressed to:

Cook Inlet Keeper

Citizens Environmenta Monitoring Program
P.O. Box 3269

Homer, Alaska 99603

Pease write your return address on the envelope.

VII. EQUIPMENT CARE & WASTE DISPOSAL



A. BEFORE SAMPLING BEGINS

All equipment, meters, and monitoring kits are checked by the Monitoring Coordinator to ensure that
they are operating within specifications before they are issued to Volunteer Monitors. Each reagent
bottle is dated with the expiration date prior to being issued. A Kit Inspection Form including reagent
expiration dates is kept on file at the Keeper office. Thisform is updated each time akit receives new
or replacement equipment or reagents.

Hanna“4-in-1” Water Test Meters should be brought to the Monitoring Coordinator four times a year
for ingpection and cdibration check. Maintenance logs are kept on each meter.

Before each sampling event you will need to inspect dl your sampling equipment. Thermometers (air
and water), bottles and test tubes, color comparators, hydrometer, droppers, and other related testing
equipment should be examined for cracks or breaks. Thermometers should aso be checked to see that
the column of indicator fluid is continuous and has not separated. Chemicds should be checked for
expiration dates, sufficient quantities and any discoloration. All testing equipment should be clean and in
good working order before it is used for monitoring.

The Monitoring Coordinator maintains a supply of replacement equipment and reagents at the Keeper
office. If any equipment or chemica reagent isfound to be defective in any way please contact the
Monitoring Coordinator for immediate replacement.

The quantity of reagent and other chemicals needed for most testsis anticipated to assure that you
receive replacements before your supplies become exhausted, usudly every 3 to 4 months. The
Monitoring Coordinator will rotate out chemica stocks every four to Sx months or according to
manufacturer’ s recommendation.

B. WHEN YOU RE DONE TESTING
Liquid Wastes

In selecting the testing methods employed by the Keeper monitoring program efforts have been made to
minimize the production of hazardous wagtes. Still, it isimportant that you handle dl your liquid wastes
with care and see that they are disposed of properly. Your kit is supplied with two brown wasteweater
bottles. These are to be used to collect al wastes produced while monitoring. These wastes will not
react together in a detrimental way when mixed. Thus, there should be no concern with respect to the
formation of toxic gases or explosons. When you get home you can transfer your liquid waste to a
plastic milk jug or other plastic container. When this becomes full bring it to the Keeper office for

disposd.

Equipment and Supplies
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It isimportant to clean and properly stow al of your equipment and reagents after each monitoring
event. Most of your equipment is re-usable and, if properly cared for, will serve you and other
volunteer monitors for yearsto come. A few items, however, are designed to be disposed after one
use. They include: any pipet which comesin a seded plastic wrapper, the pre-treated petri dishes used
in the Coliscan test and empty Coliscan Easyge® bottles.

The following pieces of equipment should be thoroughly rinsed with tap water before being stowed in
your monitoring kit:

rubber gloves sinity cylinder and hydrometer

sample bucket three 60 ml DO sample bottles

gtir rod titrator, plunger and pladtic tip

ar and water thermometers titration vid and cap

Secchi disk and line Hanna Meter (below submersion line only)
turbidity columns the pipet from the Phosphate Test Kit

al test tubes

Y our tide book, color chart and other paper materias should be kept as dry as possible and stored in
the zip-lock bags provided for them. All equipment should also be dried and properly stowed in the
black plastic "suitcase” to protect them it excess exposure to light. Keep the suitcase in adry place
protected from extremes of heat and cold. Don't leave it in your car, which can get pretty hot in the
summer and pretty cold in the winter. Chemicas may dso freeze if kept in agarage or arctic entry.

Always keep al chemicas and equipment out reach of children and pets at dl times.

VIIl. DATA MANAGEMENT & REPORTING

A. VERIFYING ACCURACY

Check your data sheets prior to sending them in to the Keeper office. Look to seethat they are
complete and that al figures are legible. Be sure that al monitors have sgned next to their names. Take
afina look at al the numbersto seeif any seem anomaous. If you find illegible or incorrectly entered
data do not attempt to erase them. Draw one line through the entry and write the correct information
judt to the right of it.

The Monitoring Coordinator and the Program Director will check each data sheet for missing or illegible
information, errorsin calculation and vaues outside of the expected range. If questions arise, you may
be contacted for clarification, so it'simportant to keep a copy of each data sheet for your records.

Data is then entered into the Keeper data system, which is designed to flag any vaues that fal outsde of
the expected range for each parameter. On a quarterly basis the Monitoring Coordinator will send you
printouts of your datato check for errors against your origina data sheets. Errorsin data entry can then
be corrected and inconsstencies can be flagged for further review.
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B. DATAANALYSS& REPORTING

Datawill be presented annually using graph and report formats to document basdline water qudity,
identify trends and detect deficienciesin data collection or program design.

Annud reportswill include discussion of any data qudity problems. These reportswill be provided to
the Alaska Department of Environmenta Conservation and the US Environmental Protection Agency.
Reportswill dso be available to other government agencies, to volunteer monitors, and to citizen
groups. Members of the Citizens Advisory Pand and the Technical Advisory Committee will be asked
to review annua reports and offer suggestions for improving the Citizens' Environmental Monitoring
Program. Suggestions from water quality monitors are welcome and encouraged a any time,

C. WHATITALL MEANS

Although it is il rdlatively prigtine, the Cook Inlet watershed is beginning to show the signs of
environmental stress associated with increased population, development and urbanization. Currently the
watershed is home to roughly two thirds of Alaska's human population. Long-time residents have seen
locd declinesin inter-tida biologica communities and species abundance in Cook Inlet waters, but no
one can say for sure whether pollution and human impeacts are directly harming the resources of Cook
Inlet. While anumber of studies have been done by government, universities, and industry, the fact
remains that there is not enough basdine data available to determine the effects of point and non-point
source pollution on the water qudity of the Cook Inlet Watershed.

Cook Inlet waters support multi-million dollar port and commercid fisheries, and provide important

subsistence resources for native and other groups. Citizens, industry and resource managers need a

comprehengve ongoing water quality monitoring program to understand the potentia effects of water
pollution on Cook Inlet in order to make economicaly and environmentally sound decisons.

Many state and federal agencies lack the resources to conduct continuous water quality monitoring
projects at a representative number of sites throughout the basin. Cook Inlet Keeper’s Citizen's
Environmental Monitoring Program can collect accurate basdine data using trained volunteersin a cost
effective manner. With your help we can build a greater understanding of what makes our watershed so
abundant, and what might threaten its abundance.

IX.  QUALITY CONTROL

he Keeper has submitted a Quality Assurance Project Plan with the US EPA and the ADEC. In

accordance with this plan the Monitoring Coordinator will make an effort to join 2 to 4 volunteer

teams each month to assst with monitoring and ensure that dl equipment is functioning properly
and al protocols are being followed.
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Two Quadlity Control / Re-training sessions are scheduled each year (one in the spring and onein the
fal). All volunteers are asked to attend at least one of these day-long sessions each year to ensure the
consstency and accuracy of our water quality monitoring efforts. These quaity control sessonswill
include alaboratory and fidd practicum aong with discussons of monitoring techniques and suggestions
for improving the water quality monitoring program.
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Glossary of Terms

Acid - asubstance with more hydrogen (H+) ions than hydroxide (OH-) ions (pH less than 7)

Algae(pl), alga - acollective term referring to severa groups of smple photosynthetic plants,
mostly microscopic, lacking roots, ssems and leaves; they can be found in avariety of habitats;
many species of agae exist as sngle cdls, others form smple filaments or colonies and others
exist as more complex structures like the larger seaweeds

Algal bloom - aparticularly extensve growth of agae in abody of water; thisis usudly aresult of
increased nutrient content

Alkaline - a substance with more hydroxide (OH-) ions than hydrogen (H+) ions (pH greater than
7)

Ammonia (NH*) - acolorless gas consisting of nitrogen and hydrogen atoms; it isthe main
substance used by organisms as a source of nitrogen

Ampule — sealed container of liquid
Anoxia — conditions where oxygen is absent

Apparent Color — the color observed in water based on the amount and nature of dissolved and
suspended materias and how they refract light

Axial Reader — atype of color comparator capable of reading even faint color indicators

Bacteria - agroup of essentidly single-cdled microscopic organisms lacking chlorophyll which
break down materid

Basdine Water Quality —ameasure of naturaly occurring water quaity used for comparing
water quality over time and identifying water qudity trends

Basin - an areadrained by a given river and its tributaries (see catchment)

Beaufort Wind Scale — an internationally agreed upon scale of wind force that has thirteen
standardized categories and associated descriptions

Bioassessment - the use of living organisms to assess environment hedth; the examination of
biologicd communities, particularly stream insects (technically caled benthic
meacroinvertebrates), provides an indication of water qudity

Borger Color System— astandardized system of numbered color chips originaly devised to
measure the color of fliesfor fisherman now widdy used for determining the gpparent color of
water

Catchment - the areaof land that is drained by ariver and itstributaries; the dividing line between
cachmentsis physcaly defined by mountains, crests of hills or the ridge of high ground

Coliform bacteria - bacteria, found in the intestines of warm-blooded animdls, that aid in the



digestion process; used asindicators of fecd contamination in water-qudity andyses
Color Comparator — devise used in colorimetric testing

Colorimetric — type of test measuring the concentrations of various substances by gauging the
reaction of an indicator with a known sample amount and comparing the resulting color with a
known range of vaues

Conductivity - amessure of eectronic resstance caused by organic and inorganic materialsin
water; conductivity can aso be used to measure sdinity

Dissolved oxygen - the amount of oxygen dissolved in water and available for living organismsto
use for respiration

Distilled Water — water that has had most of itsimpurities removed

Ecosystem — bictic community (living organisms) and its abiatic (norliving) environment function
as one system

Effluent - waste materid (e.g., smoke, sewage etc.) discharged into the environment
Equilibrate — bring into equilibrium or balance

Erosion - the wearing away of the land by running water, rainfal, wind, ice or other geologicd
agent or process including wegathering, dissolution, abrasion and corrosion

E. coli (Escherichia coli) - one of the species of bacteriain the feca coliform group; it isfound in
large numbers in the gastro-intestingl tract and feces of warmblooded animas and humans; its
presence in water is considered indicative of fecal contamination

Estuary - an open drainage depression adjacent to the seg, typically a the mouth of ariver, into
which the tide ebbs and flows; tide movements accentuate erosion and continualy modify the
drainage chamnds within the estuary

Eutrophic - waters enriched with plant nutrients, which may become deoxygenated

Eutrophication - the naturd and artificid addition of nutrients to a waterbody, which may lead to
depleted oxygen concentrations — eutrophication is anatural process that is frequently
accderated and intensified by human activities

Fecal - rdaing to animd, including human, excrement

Fecal Coliform — coliform bacteria of the species Escherichia coli (occasondly the Klebsdla
speciesisincluded in this category as well)

Fertilizer - any substance, natura or manufactured, added to the soil to supply essentia plant
nutrients for plant growth

Field Observations — observationa data collected on site
Fixing — potion of the dissolved oxygen test procedure by which oxygen molecules are bound or



“fixed” in solution
Flocculent (floc) — amass of particlesthat form into a clump as aresult of a chemicd reaction
Galactosidase — enzyme produced by coliforms during lactose fermentation
Glucoronidase - enzyme produced by feca coliforms during lactose fermentation
GPS (Global Positioning System) — satdllite based system used to pinpoint geographic position
Graduated cylinder — a cylinder used to measure liquids that is marked in units

Heavy metals - any dement with an ‘atomic number' larger than 20 that can be precipitated by
hydrogen sulfide in acid solution; e.g., copper, cadmium, chromium, lead and mercury

Hydrometer — instrument used to measure the specific gravity of liquid
Hypoxia — depletion of dissolved oxygen in an aguatic system

lons - dectricaly charged molecules; often formed when an dectricaly neutrd moleculeis
dissolved in water and disassociates

Jackson Turbidity Unit (JTU) — standard measure of turbidity produced by adding measured
amounts of areagent to clear distilled water until its clarity is reduced to match that of awater
sample; JTUs can be directly equated to NTUs (Nephelometric Turbidity Units)

L eaching - the process by which water percolates through a particular solid, usudly layers of sail;
when water 'leaches through the soil it often dissolves and then carries away many other
substances

Macro-invertebrate - animas without a backbone and visible to the naked eye

Material Safety Data Sheet (M SDS) — product safety information sheets prepared by
manufacturers and marketers of products containing toxic chemicas

Maximum dissolved oxygen concentr ation — the tota amount of oxygen that can be dissolved in
water of agiven temperature and sdinity

M edium — asubgtance in which microorganisms can be grown
M eniscus — the curved upper surface of acolumn of liquid
Molar volume — avolume of liquid containing one mal of solute per liter of solvent

Monitoring — the periodic collection of information through the measurement and observation of
natural phenomena

Moatile - cgpable of motion, particularly locomotion

Nephedometric Turbidity Unit (NTU) — standard measure of turbidity obtained using an
electronic Nephelometer; NTUs can be directly equated to JTUs (Jackson Turbidity Units)
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Nitrate (NOs) - acompound of nitric acid and agiven dkdi
Nitrite (NO,) —asdt or ester of nitrous acid

Nitrogen (N) — one of the mgor nutrients required for the growth of plants, present usudly as
organic nitrogen, ammonia, nitrate, and forms of nitrite; excess nitrogen can cause accelerated
eutrophication in waterbodies

Non-point-sour ce pollution - a source of pollution that cannot be pinpointed, because it comes
from many individuad places or awidespread area (e.g., urban and agriculturd run-off);

NPDES Permit — the Nationd Pollutant Discharge Elimination System isthetitle of section 402 of
the Clean Water Act. NPDES is used to describe dl permitsissued under this section which
desls with point sources of pollution

Nutrient - derived from living metter and including eements such as nitrogen, phosphorus and
sulfur; nutrients are essentia for plant growth but can adversdy effect land and aquatic
ecosystems if present at high levels

Orthophosphate — inorganic phosphate thet is reedily dissolved in water

Oxidation-Reduction Potential — the capability of a substance to ether rlease or gain free
electrons

Parameter — measurable value of aphysica, chemical or biologicd component that is used to help
define anaturd system and its behavior

Parts per million (ppm) - the number of parts by weight of a substance per million parts of liquid
Pathogenic bacteria — bacterid capable of causing disease

Per cent of saturation — acomparison of the measure of dissolved oxygen in aliquid againg the
maximum dissolved oxygen concentration for that liquid at a given temperature and sdinity

pH - anumericad measure of the hydrogen in concentration used to indicate the akalinity or acidity
of asubstance — measured on ascae of 1.0 (acidic) to 14.0 (basic) whereavdue of 7 is
neutrd; as pH isalogarithmic scde, apH of 3is10timesasacidic asapH of 4 and 100 times
asacidicasapH of 5

Phosphate (PO,) - asdt or ester of any phosphoric acid: it provides organisms with phosphorusin
ausegble form; often used in fertilizers and detergents

Phosphorus (P) - anon-metalic dement that is an important nutrient for dl organisms

Photosynthesis - the process by which plants produce organic matter from inorganic chemicas,
using olar energy, with the liberation of oxygen

Pipet — an eye dropper-like insrument that can measure very smdl amounts of liquid

Plankton - smdl animas and plants which float or drift in the water body



Point-sour ce pollution - asource of pollution that can be pinpointed

Poallution — when the level or concentration of any contaminant is high enough to have an adverse
affect upon other eements of the ecosystem

Precipitate — a substance that is separated out from a solution as a solid by the action of chemical
reagents, temperature, €tc.

Quiality control — those activities performed during data collection to produce data of a desired
quality in order to document that quality

Reagent — a substance or chemica used to indicate the presence of a chemica or to induce a
chemicd reaction to determine the chemical characterigtics of asolution

Redox — see oxygen reduction potentia
Riffle — shdlow areain a stream where water flows swiftly over gravel and rock

Run-off - the portion of rainfdl or irrigation (e.g., lawn sprinkler) water that flows across the land's
surface, does not soak into the ground and eventually runs into awater body; it may pick up
and carry avariety of pollutants

Salinity concentration of salts, measured in parts per thousand or grams per litre

Salts compounds that dissociate in water to yield a positively charged ion and a negatively charged
acid radica ion

Saturated — inundated; filled to the point of capacity or beyond
Secchi depth — the greatest depth at which a Secchi disk can be seen through water

Secchi disk —aplagtic disk, 20 cm in diameter divided into black and white quadrantswhich is
used to measure the turbidity or clarity of water by lowering it on aline to the degpest point
where it can ill be seen

Sediment - insoluble materid suspended in water conssting mainly of particles derived from rocks,
s0il and organic materids; can be amgor nontpoint-source pollutant to which other pollutants
may attach

Sessile — permanently fixed; immobile
Sewage - household and commercid waste-water that contains human waste
Silt - fine particles of rock, soil or organic materid that can be suspended in water

Specific Gravity —ameasure of the dengity of a substance divided by the density of pure water at
4°C

Stewar dship —caring for the land for both short and long term needs within the capacity of the
environment to provide those needs
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Surface water — precipitation which does not soak into the ground or return to that atmosphere by
evaporation or transpiration; it is stored in streams, lakes wetlands, reservoirs and other
depressions like puddles and ditches

Suspended solids — amixture of fine particles dispersed in aliquid

Tidal Stage —aperiodinthetidd cycle, ie. high tide, high ebb, ebb, low ebb, low tide, low flood,
flood, high flood

Titration — the addition of small, precise quantities of areagent to a sample until the sample reaches
a certain endpoint — reaching the endpoint is usudly indicated by acolor change

Titrator — syringe-like instrument used to add precise amounts of reagent in the process of titration

Topographical map - amap that shows (by means of color and contour lines) the ground surface
features of aregion

Toxic - being harmful, destructive or deadly to organisms

Tributary - an inflow of water from a smdler body into alarger one; naturd examples include
streams and creeks, while human-made examplesinclude drains and sewerage pipes

Trophic — relative pogtion in the food web in terms of securing nutrients

Turbidity — murkiness or cloudiness of water, indicating the presence of some suspended
sediments, dissolved solids, natural or humanmade chemicds, dgae, etc.

Upwelling — a processin the sea whereby subsurface water is displaced toward the surface

Water shed — total land areathat contributes runoff to a particular waterbody

Vi
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COOK INLET KEEPER
MONITORING POLICY

10.

Each monitoring station or Site will have one primary monitor or Team Leader and & least one
dternate. If both primary and dternate monitors for any particular Site are from the same
household, athird person must be assigned as dternate to provide coverage for vacations, etc.

In order to maximize Ste coverage in the event of illnesses or vacations, effortswill be made to
avoid assgning the same two monitors to any two Stes.

All primary and dternate monitors will be at least 16 yearsold. People under 16 are welcometo
attend training and quality control sessons and to assist monitors &t the Sites.

All monitors will complete phases | through I11 of training prior to monitoring and attend at least one
of the two qudity control sessons held each year.

Each monitoring team will haveits own kit. Team Leaders will be respornsble for mantaining therr
kits and for notifying the Monitoring Coordinator of any problems with their equipment. Team
Leaders will bring their kitsto dl qudity control sessions.

If aTeam Leader is not able to monitor on a scheduled date it is their responghbility to locate an
dternate monitor and provide them with their monitoring kit. 1f thisis not possible the Team Leader
should contact the Monitoring Coordinator to make arrangements, preferably in advance of the
sampling sesson. Monitors are responsible for reporting equipment problems, reagent shortages,
etc. to their team leaders or the Monitoring Coordinator.

All monitorswill take part in monitoring at least once every four (4) months to maintain familiarity
with equipment, procedures, and Sites.

All monitors will have the option of joining an "dternate pool” in addition to their regular teams. The
pool will provide coverage when regular monitors are not available a a given ste. Only trained
monitors may join this poal.

All monitors will be respongible for the quality and completeness of the data they themsalves collect
and for submitting this data to the Monitoring Coordinator on atimely bass. Monitorswill dso be
responsible for maintaining an ample supply of standardized data.

The Monitoring Coordinator will be responsible for the overdl quality of the data collected by the
program. If problems arise with the data collected by any particular monitor, the Monitoring
Coordinator will work with the monitor to resolve these problems.
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References & Further Reading

Some Referencesused in
Preparing ThisManual Include:

Water Quaity Monitoring Manua (1996)
Friends of Casco Bay

2 Fort Road

South Portland, ME 04106

Volunteer Environmental Monitoring Manua (1992)
Texas Watch

Texas Natural Resources Consarvation Commission
P.O. Box 13087

Audtin, TX 78711-3087

Volunteer Manud (1992)

The Delaware Riverkeeper Network
P.O. Box 753

Lambertville, NJ 08530

Volunteer Stream Monitoring Methods Manud
(1995)

Clean Water Initiative

Tennessee Vdley Authority

1101 Market Street, CST 17D

Chattanooga, Tennessee 37402-2801

The Monitor’s Handbook (1992)
LaMotte Company

P.O. Box 329

Chestertown, MD 21620

Volunteer Estuary Monitoring:

A Methods Manual (1993)

U.S. Environmenta Protection Agency
Office of Water

Office of Wetlands, Oceans and Watersheds
Oceans and Coagtd Protection Divison

401 M Street, SW (4504F)

Washington, DC 20460

Standard Methods for the Examination of Water and
Wastewater (19" Edition, 1995)

American Public Hedth Association, et.dl.

1015 Fifteenth Street, NW

Washington, DC 20005

Volunteer Stream Monitoring:

A Methods Manud

U.S. Environmentd Protection Agency
Office of Wetlands, Oceans and Watersheds
Volunteer Monitoring (4503F)

401 M Street, SW

Washington, DC 20460

Other Valuable Resour cesfor
Volunteer Monitors|Include:

Streamkeeper’ s Fidd Guide (5™ Edition, 1996)
Paul Murdoch & Martha Cheo
Adopt-A-Stream Foundation

600 — 128" Street SE

Everett, WA 98208

Water Resource Handbook (1996)

Larry W. Mays, Editor-in-Chief

Depatment of Civil and Environmenta Engineering
Arizona State University

Tempe, Arizona

Volunteer Lake Monitoring:

A Methods Manua (1991)

U.S. Environmentd Protection Agency
Office of Water

Office of Wetlands, Oceans and Watersheds
Assessment & Watershed Protection Divison
WH-553

401 M Street, SW

Washington, DC 20460




The Volunteer Monitor (Biannud Publication)
Eleanor Ely, Editor

The Volunteer Monitor

1318 Masonic Ave.

San Francisco, CA 94117

Field Manud for Water Qudity Monitoring (1990)
Mark K. Mitchdl & William B Stapp

2050 Delaware Ave.

Ann Arbor, Ml 48103

L aboratory Manua for Marine Science Studies
(1993)

LaMotte Company

P.O. Box 329

Chestertown, MD 21620

Handbook of Hydrology (1993)
David R. Madment, Editor-in-Chief
McGraw-Hill, Inc.

Princeton Road, S-1

Highstown, NJ 08520

An Introduction to Environmentd Chemistry
(1996)

J.E. Andrews, P. Brimblecombe

T.D. Jckelsand P.S. Liss

School of Environmenta Science

Universty of East Anglia

Norwich NR4 7TJ, UK

The HarperCollins Dictionary of
Environmenta Science (1992)
Gareth Jones, Alan Robertson
Jean Forbes, Graham Hollier
HarperCollins Publishers

10 East 53" Street

New York, NY 10022

McGraw-Hill Seriesin Water Resources
and Environmental Engineering (1991)
Terence J. McGhee

McGraw-Hill, Inc.

Princeton Road, S-1

Highstown, NJ 08520

Water on Tap: A Consumer’s Guide
to the Nation’s Drinking Water (1997)
U.S. Environmenta Protection Agency
Office of Water (4601)

Washington, DC 20460

McGraw-Hill Encyclopedia of

Ocean and Atmospheric Sciences (1977)
Sybil P. Parker, Editor-in-Chief
McGraw-Hill, Inc.

Princeton Road, S-1

Highstown, NJ 08520
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Citizens Advisory Panel

MEMBER LIST

Bob Halpin

Kachemak Bay Shellfish Growers Assoc.

P O. Box 6451
Homer, Ak 99603
Ph: 907-235-8937 or 907-2962400(w/h)

RicIngels

High School Science Teacher

P.O. Box 3684

Homer, Ak 99603

Ph: 907-235-8186(w) 907-235-3999(h)
rai @kpbsd.k12.ak.us >

Jane Middleton

Biologist and College I nstructor
54190 East End Road

Homer, AK 99603

Ph: 907-235-6064(w/h)
midltn@xyz.net >

Emily Otis

Wildlife Interpreter & Naturalist
P.O. Box 1402

Homer , AK 99603

Ph: 907-235-6961(w) 907-235-0706(h)
emmy@xyz.net >

Scott Simmons
Citizen

P.O. Box 2336
Homer, Ak 99603
Ph: 907-235-4203(h)

Dave Swarthout

Librarian/Computer Programer

P.O. box 671

Homer, AK 99603

Ph: 907-235-3180 (w) 907-235-4390(h)
daves@xyz.net >

Jim VanOss

Rancher/Homer Soil & Water Conservation Dist.

48750 East End Road
Homer ,AK 99603
Ph: 907-235-1314 (w/h)

Toby Wheeler

Geologist/ Kachemak Bay Land Trust
P.O. box 2289

Homer, AK 99603

Ph: 907-235 5263(w) 907-235-1944(h)

Tim Robertson

BioStatistician/ Seldovia Oil Spill ResponseTeam

P.O.Box 175

Seldovia, AK 99663

Ph: 907-234-7821(w) 907-234-7485(h)
nuka@al aska.net>

Paul McCollum

Fisheries Biologist/ Port Graham -Nanwal ek

P.O. Box 2016
Homer. AK 99603
Ph: 907-235- 0588

Jim Hemming

Environmental Scientist, Retired
14722 NE 169" St.

Woodenville, WA 98072

or

P.O. Box 2729

Homer, AK 99603

ph: 907-235-2535

fx: 907-235-2531
72440.1274@compuserve.com

Peter Velsko
P.O. Box 2115
Homer, AK 99603
ph: 907-235-4710



COOK INLET KEEPER

Technical Advisory Committee

Joe Payne, Ph.D.

Casco Baykeeper

Friends of Casco Baykeeper
2 Fort Road

South Portland, ME 04106
ph: 207-799-8574

fx: 207-799-7224

cascobay @keeper.org

MikeHerz, Ph.D.

P.O. Box 274

Alna, Maine 04535

ph & fx: 207-586-5443
mherz@lincoln.midcoast.com

Doug Segar, Ph.D.

234 East 15" Avenye #604
Anchorage, AK 99501-5281
907-277-5289
dsegar@dnai.com

DaveErikson

Dames & Moore

5600 B Street, Suite 100
Anchorage, AK 99518-1641
ph: home (Homer) 235-3487
derikson@al aska.net

John Kélley, Ph.D.

University of Alaska Fairbanks
School of Fisheries & Ocean Science
Room 245, O’ Neil Building

P.O. Box 757220

Fairbanks, AK 99775-7220

ph: 907-474-5585

fx: 907-474-7204
ffjjk@aurora.alaska.edu

Tracey Collier

NOAA/Environmental Conservation Division

MEMBER LIST

Northwest Fisheries Science Center
2724 Montlake Blvd. East

Seattle, WA 98112

ph: 206-860-3312

fx: 206-860-3335
tcollier@sci.nwfsc.noaa.gov

Carl Hild, M .S.Sci.Mgmt
Senior Reseach Associate

Ingtitute for Circumpolar Health Studies

University of Alaska Anchorage
3211 Providence Dr. Bldg. K, Rm 103
Anchorage, AK 99508

ph: 907-786-4022

fx: 907-786-4019
ancmh@uaa.alaska.edu

Ray Highsmith, Ph.D.
University of Alaska Fairbanks
Institute of Marine Science
P.O. Box 757220

Fairbanks, AK 99775-7220

ph: 907-474-7836

fx: 907-474-5804
highsmith@ims.alaska.edu

Doug Coughenower
Marine Advisory Program
4014 Lake Street, Suite 201
Homer, AK 99603

ph: 907-235-5643

fx: 907-235-6048
ffddc@aurora.alaska.edu

Susan Saupe
CIRCAC

910 Highland Ave.
Kenai, AK 99611
ph: 907-283-7222

fx: 907-283-6102
circac@corecom.net



John Piatt, Ph.D.

National Biological Service
1011 East Tudor Road
Anchorage, AK 99503

ph: 907-786-3512

fx: 907-786-3636
john_piatt@nbs.gov

Jim Hemming

Environmental Scientist, Retired
14722 NE 169" St.

Woodenville, WA 98072

or

P.O. Box 2729

Homer, AK 99603

ph: 907-235-2535

fx: 907-235-2531
72440.1274@compuserve.com

Pam Miller

P.O. Box 104432
Anchorage, AK 99510
ph: 907-277-8234

fx: 907-272-6519
acat@akcf.org

Paul Jackson

Nature Conservancy of Alaska
421 West 1% Ave., Suite 200
Anchorage, AK 99501

ph: 907-276-3133

fx: 907-276-2584
105174.1473@compuserve.com

Steve Frenzel

U.S. Geological Survey
4320 University Drive
Anchorage, Ak 99508
ph:907-786-7100
x:907-786-7150
sfrenzel @usgs.gov.>

Phil North

EPA Kenai Office

¢/0 NRCS 100 Trading Bay Rd.
P.OBox 1329

Kenai , AK 99611

Ph: 907-283-6608

panorth@al aska.net>

Mark Johnson

UAFInstitute of Marine Science
P.O.Box 757220

Fairbanks, Ak 99775-7200

ph: 907-474-6933
FX:907-474-7204
ffjjk@aurora.alaska.edu>

Ray Ral.onde

University of Alaska Fairbanks
Marine Advisory Program
Carlton Trust Bldg #110

2221 East Northern Lights Blvd.
Anchorage. Ak 99508-4140

ph: 907-274-9691

fx: 907-277-5242
afrlr@uaa.alaska.edu>

Kent Patrick-Riley

Alaska Dept of Environmental Conservation
555 Cordovia Street

Anchorage, Ak 99503

ph: 907-269-755fx: 907243-1334
kriley@envirocon.state.ak.us >

Bronwen Wang

U.S. Geological Survey

4320 University Drive, Suite 201
Anchorage, Ak 99508-4664

ph: 907-786-7110

fx: 907-786-7150
bwang@usgs.gov >
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COOK INLET KEEPER
Liability Release Form

LIABILITY

The Cook Inlet Keeper (Keeper) Citizens Environmenta Monitoring Program (CEMP) intends that
volunteers participating in any Keeper activity are not acting on behaf of Cook Inlet Keeper or any
Keeper partner in any capacity. Assuch, itis Cook Inlet Kegper’sintent that volunteers are not
authorized to be considered agents, employees, or authorized representatives of Keeper or any Keeper
partner for any purpose, and that volunteers are not entitled to the same benefits received by employees
of Keeper or any Keeper partner.

Volunteers must recognize the potentid for injuries to themselves and their real and persond property
which may result from volunteer activities conducted with the Cook Inlet Keeper Citizens
Environmental Monitoring Program or other activities sponsored or organized by the Keeper. Keeper
and all Keeper partnersintend that the volunteers expresdy assume dl risks and liability for any injuries
to, or caused by, volunteers under this program.

Liability Release

In consideration of the foregoing, |, myself, my heirs, and executors do hereby release and discharge
Cook Inlet Keeper and al Cook Inlet Keeper supporting organizations for al clams, damages, actions
and whatever in any manner arising or growing out of my participation in said monitoring program or
other activities sponsored or organized by Kesper.

Date
Volunteer Printed Name Parent or Guardian Printed Name
Volunteer Signature Parent or Guardian Signature
Address
Telephone Number
EMERGENCY CONTACTS
Name Rdaionship Telephone Number
Name Rdaionship Telephone Number

Special Instructions:
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COOK INLET KEEPER
Property Access Form

Monitoring Site Name: Site Number:
StelLocation: Latitude Longitude: Elevation:
Site Description:

Description of Access Routeto Site;

Property Ownership — Site:
Property Ownership — Access Route:

If Ste or dte access route islocated on private property, the primary monitor must obtain signed
authorization from the property owner before sampling can begin. The monitor should approach the
property owner(s), explain the purpose of their monitoring activity and request permission to access
property owner’sland. Each private property owner involved will need to grant permisson and Sgn a
Property Access Form before monitoring can begin. Monitors should respect private property and
property owners a dl times and make every effort to minimize impact to private lands.

L andowner Permission Form & Liability Waiver

I, (print name) am the legal owner of property described above. |
understand that, , avolunteer water quality monitor for Cook Inlet
Keeper (Keeper) will require access to this property, once monthly throughout winter months and twice
monthly during summer months, in order to sample and test water quality at the water quaity monitoring
Ste designated above. | hereby grant my permission for said accessto

, Or an adternate water quality monitor designate by Keeper for the
sole purpose of water quality monitoring. | grant this permisson on the condition that the Cook Inlet
Keeper organization, and al its water quaity monitors do hereby release me from any and dl lega and
other responsibilities and liabilities, including, but not limited to physica and other harms which might
befdl Keeper volunteers or saff while using this land for the purpose of monitoring weater qudlity. Itis
a0 understood that said water quality monitors will not cause undue damage or negative impact on this
property in the course of their monitoring activities.

Signature of legal owner of property Signature of primary monitor for
described as. Keeper monitoring site #
Date signed: Steve Hackett, Monitoring Coordinator

Cook Inlet Keeper
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BEAUFORT WIND SCALE

Beaufort Wind Speed World Estimating Wind Speed
Number Meteorological
or Force knots mph Organization Effects Observed
Description
0 under 1 under 1 calm Calm; smoke rises vertically
1 1-3 1-3 light air Smoke drift indicates wind direction; vanes do not move
2 4-6 4-7 light breeze Wind felt on face; leaves rustle; vanes begin to move
3 7-10 8-12 gentle breeze |Leaves and small twigs in constant motion; light flags
extended
4 11-16 13-18 moderate breeze |Dust, leaves, and loose paper raised up; small branches
move
5 17-21 19-24 fresh breeze Small trees in leaf begin to sway
6 22-27 25-31 strong breeze |Larger branches of trees in motion; whistling heard in
wires
7 28-33 32-38 near gale Whole trees in motion; resistance felt in walking against
wind
8 34-40 39-46 gale Twigs and small branches broken off trees; progress
generally impaired
9 41-47 47-54 strong gale Slight structural damage occurs; slate blown from roofs
10 48-55 55-63 storm Trees broken or uprooted; considerable structural
damage occurs
11 56-63 64-72 violent storm  |Usually accompanied by widespread damage
12 64 and 73 and hurricane
over over
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GUIDE TO TIDAL STAGES

0 1 2 3 4 5 6 7 8 9 10 11 12
|||||||||||||||||||
LOW | <---FLOOD---> |HIGH HIGH | <-mmm- EBB - > | Low
FLOOD FLOOD EBB EBB
LOW HIGH LOW

HRS

period from 1:30 PM to 2:30 PM would be consdered "high.”

For example, if high tide were at 14:00 (2:00 PM) and you were sampling two hours earlier at
12:00 noon, the tidal stage would be "flood.” If you were sampling one hour earlier, the stage would be
"high flood"; one hour later would be "high ebb" and two hours later would be smply "ebb.” Only the
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A system of qualitative descriptions helps monitors describe and record detected odors. The following

Odor |dentification Chart

dassficaions areincluded in the tenth edition of Standard M ethods.

NATURE OF ODOR

DESCRIPTION,
SUCH ASODOR OF:

Aromdtic (icy) camphor, cloves, lavender, lemon
Bdsamic (flowery) geranium, violet, vanilla
Chemicd indudirid wastes or trestments
chlorinous chlorine
hydrocarbon oil refinery wastes
medicind phenol and iodine
ulfur hydrogen sulfide (rotten eggs)
Disagreesble fisy Uroglenopss, Dinobryon
(pronounced, (dead algee)
unpleasant) pigpen Anabaena dgee (vidt apig fam
to sample this distinctive odor)
septic dde sewage
Earthy damp earth
peaty peat
Grassy crushed grass
Musty decomposing straw
moldy damp cdlar
Vegetable root vegetables
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Figure 2: Sample Chain of Custody Form

Cook Inlet Keeper CHAIN OF CUSTODY RECORD Page ___of ___
PROJECT: COLLECTOR(S): (Signatures)
LOCATION:
DISTRIBUTION: -ORIGINAL - To accompany all samples - COPY - To Program Coordinator

Station Replicate Date Time Sample | Container | Preservative Analysis Due Remarks Results of

Number Type Required Date Analysis

Vol. [Type
Relinquished by: (signature) Received by: (signature) Date Time | Method of Shipment:
Relinquished by (Signature) Received by (Signature) Date Time
Destination:

Relinquished by (Signature) Received by (Signature) Date Time
Dispatched by: (signature) Date Time Received for Laboratory by: (signature) Date Time
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COOK INLET KEEPER
Pollution Response System

In order to raise awareness about the impacts of human activities on Cook Inlet ecosystems and to
ensure effective response to pollution events, Cook Inlet Keeper has initiated a Pollution Response
Sysem. Keeper isorganizing citizensto beits “eyes and ears’ to help identify and address pollution
and habitat destruction in the vast Cook Inlet watershed.

Citizens are encouraged to take note of any environmentaly harmful activities they observe. Keeper has
published a Cook Inlet Watershed Directory listing all government agencies and other organizations
involved with caring for Cook Inlet. Whenyou cdl our Toll-free Hotline (1-888-MY INLET)
between 9:00AM and 6:00PM, Monday through Friday a staff person will take your report and help
direct you to the regulatory agency responsible for responding to your concern.

Keeper will record the information you provide about the nature and location of the pollution event and
enter it into our database. Our computerized database will help track pollution throughout the
watershed and alow usto follow agency response. If the relevant agency does not respond effectively
and in atimely manner, Keeper may conduct an on-Ste investigation, advocate to governmentd officials
on your behdf or help you organize your neighbors to compe action.

The local, sate and federd agencies charged with protecting our environment cannot possibly monitor
every potentialy harmful activity in an area as large as Cook Inlet watershed and recent budget cuts
have made it ever more difficult for agencies to operate effectively. Alaska s water resources belong to
adl itscitizens. Keeping our water clean for future generations will require al Alaskan to become
involved in pollution prevention.






