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Fact Sheet 3.1.2.0

Temperature Fact Sheet

What is Water Temperature?

Temperature is a measure of the average kinetic energy of water molecules. It is
measured on a linear scale of degrees Celsius or degrees Fahrenheit.

Why is it Important?

It is one of the most important water quality parameters. Temperature affects water
chemistry and the functions of aquatic organisms. It influences the:

e amount of oxygen that can be dissolved in water,
rate of photosynthesis by algae and other aquatic plants,
metabolic rates of organisms,
sensitivity of organisms to toxic wastes, parasites and diseases, and
timing of reproduction, migration, and aestivation of aquatic organisms.

How is Stream Temperature Measured?

e Bulb Thermometers with colored alcohol (avoid mercury thermometers)
e Temperature probes and meters

See IP-3.1.2(Temp) in this folder for more information

Conversion between Fahrenheit and Celsius is: deg C = (deg F - 32) X 5/9.

What Factors Affect Temperature?

Natural Factors

e Sunlight Energy: Seasonal and daily changes, shade (cover), air
temperature

Color and turbidity of water: suspended sediment absorbs heat

Flow

Depth of water

Inflow of groundwater: Usually colder than stream

Inflow of surface water into stream which is at a different temperature than
the stream (Example: A drainage ditch or another stream)
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Human Influence

e Removal of riparian vegetation enabling direct sunlight
Alterations to stream morphology (e.g., pool depth)

Water diversions decreasing flow

Accelerated soil erosion, increase in turbidity and heat absorption
Increased storm water runoff

Cooling water discharges from power plants

What are Acceptable Ranges?

Acceptable ranges cannot be assigned without understanding the aquatic ecosystem.
The maximum temperature tolerated by organisms depends on the species.

Maximum weekly average temperature for growth and short-term maximum temperatures for selected fish
(degree C or F) Adapted from EPA's Draft Volunteer Stream Monitoring: A Methods Manual.

Species Growth Maxima Spawning** Embryo Survival**
Bluegill 32C (90F) 35C (95F) 25C (77F) 34C (93F)

Carp 21C (70F) 33C (91 F)

Channel catfish 32C (90 F) 35C (95F) 27C (81F) 29C (84 F)
Largemouth bass 32C (90 F) 34C (93 F) 21C (70F) 27C (81F)
Rainbow trout 19C (66 F) 24C (75 F) 9C (48F) 13C (55F)
Sockeye salmon 18C (64 F) 22C (72F) 10C (50 F) 13C (55F)

* The optimum or mean of the range of spawning temperatures reported for the species.

** The upper temperature for successful incubation and hatching reported for the species.

What are the Water Quality Objectives?

The water quality objectives for freshwater ecosystems protect coldwater ("COLD" ) or
warm water ("WARM") fishes. In general, the water quality objective does not allow
temperature of any water supporting these fishes to be increased by more than 5 F
above natural receiving water temperature. However, the water quality objectives vary
from region to region in California. Therefore, you should check with the Regional
Water Quality Control Board in your area. Water quality objectives are included in their
Basin Plan.
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For bays, estuaries, and ocean waters, elevated waste discharges cannot cause
surface water temperatures to rise greater than 4 F above the natural temperature.

Sources and Resources

This Fact Sheet is implemented by the Clean Water Team (CWT), the Citizen
Monitoring Program of the California State Water Resources Control Board. This fact
sheet has been revised by CWT from an original document authored by Gwen Starrett,
former State Coordinator for Citizen Monitoring. Please contact your Regional CWT
Coordinator for further information and technical support.

For an electronic copy, to find many more CWT guidance documents, or to find the
contact information for your Regional CWT Coordinator, visit our website at
www.swrcb.ca.gov/nps/volunteer.html

If you wish to cite this FS in other texts you can use “CWT 2004” and reference it as
follows:

“Clean Water Team (CWT) 2004. Temperature Fact Sheet, FS-3.1.2.0(Temp). in: The
Clean Water Team Guidance Compendium for Watershed Monitoring and Assessment,
Version 2.0. Division of Water Quality, California State Water Resources Control Board
(SWRCB), Sacramento, CA.”
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Fact Sheet 3.1.3.0

Electrical Conductivity/Salinity Fact Sheet

What is Electrical Conductivity/Salinity/TDS?

Solids can be found in nature in a dissolved form. Salts that dissolve in water break into
positively and negatively charged ions. Conductivity is the ability of water to conduct an
electrical current, and the dissolved ions are the conductors. The major positively
charged ions are sodium, (Na*) calcium (Ca*?), potassium (K*) and magnesium (Mg*zg.
The major negatively charged ions are chloride (CI'), sulfate (SO42), carbonate (COs™),
and bicarbonate (HCO3). Nitrates (NOs?) and phosphates (PO4) are minor
contributors to conductivity, although they are very important biologically.

Salinity is a measure of the amount of salts in the water. Because dissolved ions
increase salinity as well as conductivity, the two measures are related. The salts in sea
water are primarily sodium chloride (NaCl). However, other saline waters, such as
Mono Lake, owe their high salinity to a combination of dissolved ions including sodium,
chloride, carbonate and sulfate.

Why is it Important?

Salts and other substances affect the quality of water used for irrigation or drinking.
They also have a critical influence on aquatic biota, and every kind of organism has a
typical salinity range that it can tolerate. Moreover, the ionic composition of the water
can be critical. For example, cladocerans (water fleas) are far more sensitive to
potassium chloride than sodium chloride at the same concentration.

Conductivity will vary with water source: ground water, water drained from agricultural
fields, municipal waste water, rainfall. Therefore, conductivity can indicate groundwater
seepage or a sewage leak.

How is it Measured?

Conductivity is measured by a probe, which applies voltage between two electrodes.
The drop in voltage is used to measure the resistance of the water, which is then
converted to conductivity. Conductivity is reciprocal to resistance and is measured in
the amount of conductance over a certain distance. The conductivity unit has been
called “mho” because it is the inverse of “ohm”, the resistance unit.

The basic unit is "mho/cm", otherwise known as 1 Siemen. However, this unit does not
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really occur in water and we are using one thousandth (mili-) or one millionths (micro-)
of it for natural waters (1000 milimhos and 1,000,000 micromhos are equal to one mho).
The useful unit for seawater is milimhos/cm (mS); ocean waters are around 55 mS. The
useful unit for freshwater is micromhos/cm (umhos/cm, or uS); tap water ranges
between 50 and 800 uS (depending on the source). Because electrical conductivity
greatly depends on temperature, scientists use the term “specific conductivity” if the
value has been corrected to reflect the measurement temperature (see IP-3.1.3 for
more detail about temperature and conductivity).

Salinity can be measured using a hydrometer or a refractometer. The hydrometer
measures specific gravity which can then be converted to salinity. The refractometer
measures the ability of the water to refract light. Scientists also measure salinity by
determining the amount of chlorine in seawater. Salinity can also be measured
gravimetrically (i.e., as the weight of the total dissolved solids per a given volume of
water). The results are usually expressed in grams/liter (g/l) or parts per thousand (ppt)
for sea water (Pacific Ocean water are around 32 g/l in winter). In freshwater the term
“total dissolved solids” (TDS) is often used for the same thing instead of “salinity”.
Useful TDS units are milligrams/liter (mg/l) or parts per million (ppm). See IP-3.1.3 for
more detail about the relationship between the different methods.

What Affects it in Water?

1. Rain! In pristine environments, rainwater conductivity equals zero (i.e., the rain is
essentially distilled water). Rain falling into a waterbody, or rain runoff flowing
into it, will decrease conductivity/salinity.

2. Minerals: Soil and rocks release ions into the waters that flow through or over
them. The geology of a certain area will determine the amount and type of ions.
Spring water typically shows higher conductivity than inland rain water.

3. Ocean Spray: The salinity/conductivity of coastal rivers is influenced by sea
spray that can carry salts into the air, which then fall back into the rivers with
rainfall.

4. Tides and mixing zones: In flat areas, water at the river mouths are often salty
because of salt water intrusion during high tides. The flow of rivers into estuaries
can greatly affect salinity as well as the location of the estuarine mixing zone.
This is very important to the survival of estuarine organisms.

5. Evaporation: Evaporation and loss of fresh water will increase the conductivity
and salinity of a waterbody. Warm weather can even increase ocean salinity.
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What are the Typical Ranges?

Conductivity of Water
Water Type Conductivity
(umhos/cm)
Distilled water 0.5-3.0
Melted snow 2-42
Potable water in U.S. 30 - 1500
Freshwater streams 100-2000

The table above shows some ranges of conductivity values you might encounter in the
field. Conductivity can be much higher than the maximum values shown above under
special conditions in some waters, for examples:

* rivers or drainage ditches dominated by subsurface agricultural return flows,

» ephemeral streams or pools late in the season,

» tidally influenced coastal waters, and

» naturally saline or brackish lakes or ponds

The salinity of some naturally saline waters is indicated in the following table:

Salinity of Water

Water Type Salinity
(9/)
Sea water 33-37
Salton Sea 46
Mono Lake 90

What are the Water Quality Benchmarks?

Water quality benchmarks (including criteria, objectives, targets, standards, action
levels, limits, etc.) are developed for individual parameters to protect the environment
and the human users, based on what is perceived as or known to be harmless or safe.
Each of these benchmarks has a different meaning and a different use; some are
generic and some are specific to a given waterbody or to a given legal process.

A Water Quality Objective (WQO) is a law or regulation that “factors in” three elements:
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the beneficial designated use or uses of a particular waterbody, the generic water
quality criteria that are necessary to protect these types of beneficial uses, and an anti-
degradation statement. Most of the WQOs refer to the average or to the median of
several measurements rather than to a single value (e.g., they would specify a “50%
upper limit” which is defined as the 50 percentile value of monthly means for a calendar
year). In addition, WQOs change over time as we learn more about the effects of each
parameter and the ecological requirements of the organisms we are trying to protect.

In California, each of the Regional Water Quality Control Boards (Regional Board)
develops a Basin Plan for the Region and keeps updating it over time. The Plan
includes a list of water bodies and associated beneficial uses for each. The Plan also
has the water quality objectives developed for the Region. As you may have gathered,
the WQOs for conductivity vary from Region to Region. In some cases, there are no
objectives for conductivity, but there are for total dissolved solids (TDS). If you want the
latest value, please be sure to contact the Regional Board in your area. Some
examples are provided below.

The following examples were taken from Basin Plans in 1996 and are applicable to
surface waters only (excluding the Pacific Ocean).

North Coast (Region1): There are numerical objectives for conductivity in the Basin
Plan. The objective is specific to the water body. It is expressed as a number that
should not be exceeded, either the 90% upper limit or the 50% upper limit. The 50%
upper limit ranges in value from 100 to 1300 umhos/cm, depending on the water body.

San Francisco Bay (Region 2): The narrative objective states that, "Controllable water
quality factors shall not increase the total dissolved solids or salinity of waters of the
state so as to adversely affect beneficial uses, particularly fish migration and estuarine
habitat". There is also a conductivity objective for agricultural supply water, and a total
dissolved solids objective for the Alameda Creek watershed.

Central Coast (Region 3): There are no objectives for conductivity. However, there are
objectives for total dissolved solids. The TDS objectives range from 150 to 1400 mg/I
depending on the water body.

Los Angeles (Region 4): There are no objectives for conductivity. However, there are

objectives for total dissolved solids. The TDS objectives range from 225 to 2000 mg/I
depending on the water body.

Central Valley (Region 5): The objectives are specific to the water body. They are
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expressed as either a 90% upper limit, a 50% upper limit, a running average for a
specific period of time, or a median value. The objectives are designed to protect fish
and wildlife in the Sacramento-San Joaquin Delta. Conductivity objectives are also
established to protect the quality of water used for irrigation.

Lahontan (Region 6): The mean annual electrical conductivity of Lake Tahoe shall not
exceed 95 umhos/cm at 50 degrees F at any location in the Lake. For other water
bodies, there are objectives for conductivity or TDS.

Colorado River Basin (Region 7): There are no objectives for conductivity. However,
there are waterbody-specific objectives for TDS which range from 2000 to 4000 mg/l as
an annual average.

Santa Ana (Region 8): There are no objectives for conductivity. However, there are
waterbody-specific objectives for TDS which range from 110 to 2000 mg/I.

San Diego (Region 9): There are no objectives for conductivity. However, there are
waterbody-specific objectives for TDS which range from 300 to 2100 mg/l. These
concentrations are not to be exceeded more than 10% of the time during any one year
period.

Sources and Resources

This Fact Sheet is implemented by the Clean Water Team (CWT), the Citizen
Monitoring Program of the California State Water Resources Control Board. This fact
sheet has been revised by CWT from an original document authored by Gwen Starrett,
former State Coordinator for Citizen Monitoring. Please contact your Regional CWT
Coordinator for further information and technical support.

For an electronic copy, to find many more CWT guidance documents, or to find the
contact information for your Regional CWT Coordinator, visit our website at
www.swrcb.ca.gov/nps/volunteer.html

If you wish to cite this FS in other texts you can use “CWT 2004” and reference it as
follows:

“Clean Water Team (CWT) 2004. Electrical conductivity/salinity Fact Sheet, FS-
3.1.3.0(EC). .in: The Clean Water Team Guidance Compendium for Watershed Monitoring
and Assessment, Version 2.0. Division of Water Quality, California State Water
Resources Control Board (SWRCB), Sacramento, CA.”
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Fact Sheet 3.1.5.0

Turbidity Fact Sheet

What is it?

Turbidity is a measure of the amount of suspended particles in the water. Algae,
suspended sediment, and organic matter particles can cloud the water making it more
turbid.

Why is it Important?

Suspended particles diffuse sunlight and absorb heat. This can increase temperature
and reduce light available for algal photosynthesis. [f the turbidity is caused by
suspended sediment, it can be an indicator of erosion, either natural or man-made.
Suspended sediments can clog the gills of fish. Once the sediment settles, it can foul
gravel beds and smother fish eggs and benthic insects. The sediment can also carry
pathogens, pollutants and nutrients.

How is it Measured?

» Secchi disc (for standing water only): The observer measures the depth at which
the secchi disc is no longer visible. The results are measured in feet or meters.

» Transparency tubes: The observer views an object or a Secchi pattern through
the water in a tube, adding water gradually till the object is no longer visible. The
results are measured in centimeters or inches.

» Dual cylinder kit: The observer views an object through the water in a cylindrical
tube and visually compares it to increasing amounts of a standard added to clean
water in an identical tube, till the turbidities match. The results — amount of
standard added until it matched the sample -can be converted to Jackson
Turbidity units (JTUs).

* Turbidity meter: This measures how much light is scattered when directed at a
water sample. The units are reported in nephelometric turbidity units (NTUs) or
Formazin turbidity Units (FTU) which, numerically, mean the same thing. The
meters are also called nephelometers or turbidimeters.

Note: NTUs and JTUs should not be used interchangeably. JTUs are based on viewing
an object through a tube of water. NTU or FTU are a measure of the light scattered at
90 degrees. For further information on sediment sources and transport potential see
FS-5.2.0 in this compendium. Also see IP-3.1.5(Turb) in this Folder for more information
on measuring turbidity
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What Factors Affect It?

Natural Factors
Algae and nutrient loading
Suspended sediment from erosion and sediment transport
Seasonal weather, storm events
Local stream morphology will determine whether sediments are deposited or
eroded

Human Factors
Erosion due to removal of riparian vegetation, changes in stream morphology or
stream flow patterns
Excessive nutrient loading and algal growth

What are Expected Turbidity Levels?

Since the rivers, lakes, bays, and ocean waters of California are home to small,
suspended plants and animals called plankton, turbid water is natural. The level of
turbidity will vary from lake to lake and river to river depending on the nutrient loading,
geology and stream dynamics. For example, Lake Tahoe is renowned for its clear
water. On the other hand, algae in the presence of nutrients produce very turbid water
in Clear Lake. Another source of turbidity is sediment, which is naturally transported
and deposited. Here are some typical turbidity values for different water bodies:

Water type Turbidity Level

Water bodies with sparse plant and animal life <0.1 NTU
Drinking water <0.1 NTU
Typical groundwater <1 NTU
Water bodies with moderate plant and animal 1-10 NTU
life

Water bodies enriched with nutrients, 10 - 50 NTU
supporting large plumes of planktonic life

Winter storm flows in creeks and rivers 20 - 1000 NTU
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What are the Water Quality Benchmarks?

Water quality objectives are included in the Regional Water Quality Control Board's
Basin Plans. The water quality objectives vary from region to region in California.
Therefore, you should check with the Regional Water Quality Control Board in your

area.

Most of the nine Regions' water quality objectives for turbidity require that surface
waters (except ocean waters) be free of changes in turbidity that cause nuisance or
adversely affect the beneficial uses of water. In addition, most of the nine Regions'
Basin Plans state that turbidity should not increase by a certain percent above naturally
occurring levels. The following examples were taken from Basin Plans in 1996 and are
applicable to surface waters only (excluding the Pacific Ocean).

In the North Coast Region (Region 1), turbidity shall not increase more than 20

percent above natural levels.

In the San Francisco Bay Region (Region 2), turbidity (due to waste discharge) shall
not increase more than 10 percent above natural levels where natural turbidity is greater

than 50 NTU.

In the Central Coast Region (Region 3), increases in turbidity shall not exceed the

following limits:

Natural Turbidity

Maximum Increase

0-50JTU 20%
50 - 100 JTU 10 JTU
>100 JTU 10%

In the Los Angeles Region (Region 4), increases in turbidity shall not exceed the

following limits:

Natural Turbidity

Maximum Increase

0-50NTU

20%

> 50 NTU

10%
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In the Central Valley Region (Region 5), increases in turbidity (attributable to

controllable water quality factors) shall not exceed the following limits:

Natural Turbidity Maximum Increase
0-5NTU 1 NTU

5-50 NTU 20%

50- 100 NTU 10 NTU

> 100 NTU 10%

In the Lahontan Region (Region 6), turbidity shall not increase more than 10 percent

above natural levels.

The Colorado River Basin Region (Region 7) has a Basin Plan that does not include

a numerical turbidity objective.

In the Santa Ana Region (Region 8) and the San Diego Region (Region 9), increases
in turbidity (due to controllable water quality factors) shall not exceed the following

limits:

Natural Turbidity

Maximum Increase

0-50 NTU 20%
50 - 100 NTU 10 NTU
> 100 NTU 10%

The San Diego Region Basin Plan also has transparency objectives for lagoons,
estuaries, and San Diego Bay. The objectives are based on Secchi disc

measurements.

Sources and Resources

This Fact Sheet is implemented by the Clean Water Team (CWT), the Citizen
Monitoring Program of the California State Water Resources Control Board. This fact
sheet has been revised by CWT from an original document authored by Gwen Starrett,
former State Coordinator for Citizen Monitoring. Please contact your Regional CWT
Coordinator for further information and technical support.
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For an electronic copy, to find many more CWT guidance documents, or to find the
contact information for your Regional CWT Coordinator, visit our website at
www.swrcb.ca.gov/nps/volunteer.html

If you wish to cite this FS in other texts you can use “CWT 2004” and reference it as
follows:

“Clean Water Team (CWT) 2004. Turbidity Fact Sheet, FS-3.1.5.0(Turb). _in: The Clean
Water Team Guidance Compendium for Watershed Monitoring and Assessment, Version
2.0. Division of Water Quality, California State Water Resources Control Board
(SWRCB), Sacramento, CA.”
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Fact Sheet 3.1.1.0

Dissolved Oxygen Fact Sheet

What is Dissolved Oxygen?

It is the amount of oxygen dissolved in water.

Why is it Important?
Most aquatic organisms need oxygen to survive and grow.

e Some species require high DO such as trout and stoneflies.
e Other species do not require high DO, like catfish, worms and dragonflies.

If there is not enough oxygen in the water the following may happen:

e Death of adults and juveniles,

e Reduction in growth,

e Failure of eggs/larvae to survive,
e Change in species present.

How it is Measured?

Measuring DO

Color production: DO chemical test kit for field work with freshwater

Winkler titration method: This method is valid for ocean water and fresh water, but not
highly alkaline water.

DO Meter: electrical conductance based on a chemical reaction.

See IP-3.1.1(DO) in this folder for more information.

Reporting DO
.Dissolved oxygen concentration is reported in units of mg/l, or milligrams per liter
(mgl/l is also referred to as parts per million (ppm) because a liter is 1000 grams
of fresh water, and a milligram is a millionth of that).
_Percent saturation is reported in units of percent. Oxygen dissolves in water to
saturation, a value typical of a given temperature. Percent saturation tells us
what part of the holding capacity is actually taken.
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What Affects the Concentration in Water?

1. Physical Factors affecting saturation (Temperature, salinity, etc.)
2. DO Sources (inputs)
3. DO Sinks (outputs)

1. Physical Factors

Temperature

As temperature increases, less oxygen can be dissolved in water. When water holds
all the DO it can at a given temperature, it is said to be 100 percent saturated with
oxygen. Water can be supersaturated with oxygen under certain conditions (e.g. when
algae are growing rapidly and producing oxygen more quickly than it can be used up or
released to the atmosphere). The following table shows the concentration of dissolved
oxygen that is equivalent to the 100 percent saturation for the noted temperature (and
normal barometric pressure). Note: these values are for fresh water only!

Temperature DO Temperature DO
degC (mgll) degC (mgll)
0 14.6 16 9.9
1 14.2 17 9.7
2 13.8 18 9.6
3 135 19 9.3
4 13.1 20 9.1
5 12.8 21 8.9
6 125 22 8.7
7 121 23 8.6
8 11.8 24 8.4
9 11.6 25 8.3
10 11.3 26 8.1
11 11.0 27 8.0
12 10.8 28 7.8
13 10.5 29 7.7
14 10.3 30 7.6
15 101 31 7.5
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Other Physical Factors
Altitude: Water holds less oxygen at higher altitudes.
Salinity/Mineral content: As salinity or mineral content increases, dissolved
oxygen decreases.

2. DO Sources
Oxygen is added to water by:

Re-aeration: Oxygen from air is dissolved in water at its surface, mostly through
turbulence. Examples of this include:
Water tumbling over rocks (rapids, waterfalls, riffles)
Wave action
Photosynthesis (during daylight) Plants produce oxygen when they photosynthesize.
DO is generally highest in the late afternoon, and lowest in the early morning hours
before sunrise.

3 DO Sinks
Dissolved oxygen is used in two major ways:

Respiration: Aquatic organisms breathe and use oxygen.

Large amounts of O, are consumed by algae and aquatic plants at night (where
large masses of plants are present).
Large amounts are consumed by decomposing bacteria (when there are large
amounts of dead material to be decomposed, there will be significant numbers of
bacteria). Examples:

Dead organic matter (i.e. Algae)

Sewage

Yard Clippings - yard waste

Oil and grease

Chemical Oxidation:
Some materials are oxidized naturally (without involvement of microorganisms)
and this chemical process utilizes oxygen. Oxygen uptake through chemical
oxidation is very marginal compared to biological uptake (i.e., respiration).
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What are generally the biggest causes of low DO?

Increases in water temperature

Algal blooms

Human waste

Animal waste - from feedlots, dairies, etc.

What are Acceptable Ranges?

The following table gives specific DO values for the survival of different species:

Biologic effects of decreasing dissolved oxygen (DO)
Levels on salmonids, non-salmonids fish, and aquatic invertebrates
Dissolved
oxygen (mg L™
Instream Intergravel
|. Salmonid waters
A. Embryo and larval stages
No production impairment 11 8
Slight production impairment 9 6
Moderate production impairment 8 5
Severe production impairment 7 4
Limit to avoid acute mortality 6 3
B. Other life stages
No production impairment 8
Slight production impairment 6
Moderate production impairment 5
Severe production impairment 4
Limit to avoid acute mortality 3
Il. Non-Salmonid waters
A. Early Life stages
No production impairment 6.5
Slight production impairment 55
Moderate production impairment 5
Severe production impairment 4.5
Limit to avoid acute mortality 4
B. Other life stages
No production impairment 6
Slight production impairment 5
Moderate production impairment 4
Severe production impairment 35
Limit to avoid acute mortality 3
lll. Invertebrates
No production impairment 8
Some production impairment 5
Limit 4

The Clean Water Team Guidance Compendium for Watershed Monitoring and Assessment
State Water Resources Control Board 3.1.1.0-FS-(DO)a 9/29/2004 Page 4



Fact Sheet 3.1.1.0

What are the Water Quality Objectives?

The water quality objectives for dissolved oxygen vary from region to region.
Check with the Regional Water Quality Control Board in your area. Water quality
objectives are included in their Basin Plan. For waters that support coldwater
fishes, the objective requires that the dissolved oxygen concentration shall not fall
below 6 to 8 mg/l (depending on the region of California). For waters that support
warm water fishes, the objective requires that the dissolved oxygen concentration
shall not fall below 5 to 6 mg/l (depending on the region of California). Some
Regional Water Boards describe objectives in terms of percent saturation. For
example, the dissolved oxygen shall not fall below 80% saturation.

For ocean waters, the dissolved oxygen concentration shall not be depressed
more than 10 percent from that which occurs naturally.

Sources and Resources

This Fact Sheet is implemented by the Clean Water Team (CWT), the Citizen
Monitoring Program of the California State Water Resources Control Board. This fact
sheet has been revised by CWT from an original document authored by Gwen Starrett,
former State Coordinator for Citizen Monitoring. Please contact your Regional CWT
Coordinator for further information and technical support.

For an electronic copy, to find many more CWT guidance documents, or to find the
contact information for your Regional CWT Coordinator, visit our website at
www.swrch.ca.gov/nps/volunteer.html

If you wish to cite this FS in other texts you can use “CWT 2004” and reference it as
follows:

“Clean Water Team (CWT) 2004. Dissolved Oxygen Fact Sheet, FS-3.1.1.0(DO). _in:
The Clean Water Team Guidance Compendium for Watershed Monitoring and
Assessment, Version 2.0. Division of Water Quality, California State Water Resources
Control Board (SWRCB), Sacramento, CA.”
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Check Procedure For Dissolved Oxygen

Introduction:

This procedure can be used to produce a solution of a known concentration of dissolved
oxygen. This oxygen standard can then be used to check the accuracy of a wet chemistry
dissolved oxygen test (e.g., a Winkler titration) and can be used to check or calibrate
dissolved oxygen meters.

Materials:

Distilled water, four-liter beaker or one-gallon wide mouth jar, thermometer (Celsius),
magnetic stirring apparatus or aquarium pump with hose and air-stone, wristwatch or
clock with timer, and a means of determining your elevation or atmospheric pressure.

Procedure:

1. Fill the beaker or jar approximately 2/3 full with distilled water.

2. Agitate aggressively with either the magnetic stirrer or an aquarium pump for one
hour. This will saturate the distilled water with oxygen.

3. To determine the saturation in terms of parts per million dissolved oxygen:

a.

b.
C.

d.

Determine your elevation or the atmospheric pressure at the time of the
procedure.

Measure the temperature of the water.

Refer to Table 1 to determine the saturation level at sea level (O elevation,
mean pressure of 760 mm mercury) at the measured temperature.

Multiply the value on the table by the correction factor, in Table 2, for your
elevation or atmospheric pressure. The product is the O, concentration.

4. Measure this standard with your wet chemistry Kits or meter to determine the percent
accuracy. For meters with a manual calibration capability, calibrate if necessary.

Table 1. Saturation of Dissolved Oxygen at Sea Level

Snooo\lmm.bwl\al—\l

°C

14.2 11 11.0 21 8.9 31 7.4
13.8 12 10.8 22 8.7 32 7.3
135 13 10.5 23 8.6 33 7.2
13.1 14 10.3 24 8.4 34 7.1
12.8 15 10.1 25 8.3 35 7.0
12.5 16 9.9 26 8.1 36 6.8
121 17 9.7 27 8.0 37 6.7
11.8 18 9.5 28 7.8 38 6.6
116 19 9.3 29 7.7 39 6.5
113 20 9.1 30 7.6 40 6.4

Table 2. Correction for Elevation or Atmospheric Pressure

Elevation in Feet Mean Pressure in mm Hg Correction Factor

-500 773 1.02

0 760 1.00
500 747 0.98
1000 734 0.96
2000 708 0.93
3000 682 0.90
4000 666 0.88
5000 642 0.84
6000 619 0.81
7000 596 0.78
8000 572 0.75
9000 548 0.72

Values in Tables 1 and 2 derived from Standard Methods for the Examination of Water and Wastewater, 17" edition

D. Gregorio, first draft, 9/28/00



3.2.0

Beyond Vital Signs: Parameters of Significance

Factors other than the basic five vital signs can also have a significant role to
aquatic systems. These parameters maybe part of the natural hydrologic system but
harm can be seen when normal conditions are exceeded.

The following is a brief list of some parameters citizen monitors are collecting data
on.

Nitrogen is a nutrient that occurs naturally in streams and is essential for plants and
animals in an aquatic ecosystem. Problems occur when large amounts nitrogen are
introduced into the stream ecosystem. As a result, there can be excessive algal growth
depleting the available oxygen in the stream that fish and other aquatic organisms depend
upon.

Phosphate is required macro-nutrient for green plants. It is often a limited resource,
especially in fresh water systems. When naturally occurring levels become elevated, algal
blooms can occur which may lead to oxygen depletion and to fill kills.

Indicator bacteria such as coliform bacteria, fecal coliform bacteria, E. coli and
enteroccus are all considered indicators of water contaminated with fecal matter.
Contaminated water may contain other pathogens (micro-organisms that cause illness)
that are more difficult to test for. Therefore these indicator bacteria are useful in giving us
a measure of contamination levels.

Debris/Trash impacts human health and safety, poses an entanglement or ingestion
threat to wildlife and degrades critical habitats.

Sediment starved streams begin to gouge their beds and erode heir banks. Too much
sediment can smoother habitat and cause adverse effects to aquatic organisims.

The Clean Water Team Guidance Compendium for Watershed Monitoring and Assessment
State Water Resources Control Board 320.doc 3/8/2010
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SECTION
f INTRODUCTICON

This document describes two standard procedures (TRC and RWB) for sampling benthic
macroinvertebrate (BMI) assemblages for ambient bioassessments. This document also
contains procedures for measuring instream and riparian habitats and ambient water chemistry
associated with BMI samples. These sampling methods replace previous bioassessment
protocols referred to as the California Stream Bioassessment Procedure (CSBP, Harrington
1995, 1999, 2002). J

These procedures can produce quantitative and repeatable measures of a stream’s physical/habitat condition
and benthic invertebrate assemblages, but they require field training and implementation of QA measures
throughout the field season.

The sampling layout described here provides a framework for systematically collecting a variety of physical,
chemical, and biological data. The biological sampling methods are designed to nest within the overall
framework for assessing the biotic, physical, and chemical condition of a reach. The layout used in these
procedures and most of the physical habitat methods are close modifications of those used in EPA’s EMAP
and developed by EPA’s ORD (Peck et al. 2004). Data collected using this methodology are generally directly
comparable to equivalent EMAP data, except for the difference in reach length. Other exceptions are noted
in the text.

The following steps are presented in an order suggested for efficient data collection. The specific order of
collection for the physical parameters may be modified according to preferences of field crews, with the
caveat that care must always be taken to not disturb the substrates within the streambed before BMI
samples are collected.

PHYSICAL HABITAT METHODS

The physical habitat scoring methods described here can be used as a stand-alone evaluation or used in
conjunction with a bioassessment sampling event. However, measurements of instream and riparian habitat
and ambient water chemistry are essential to interpretation of bioassessment data and should always accompany
bioassessment samples. This information can be used to classify stream reaches, associate physical and
chemical condition with biotic condition, and explain patterns in the biological data.

February 2007
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Because bioassessment samples can be collected to answer a variety of questions, this document describes
the component measures of instream and riparian habitat as independent modules. Although individual
modules can be added or subtracted from the procedure to reflect specific project objectives, a standard
set of modules will normally accompany bioassessment samples. This document describes two standard
groupings of modules that represent two different levels of intensity for characterizing the chemical and
physical habitat data (Table 1). The BASIC physical habitat characterization represents a minimum amount
of physical and chemical data that should be taken along with any ambient BMI sample, the FULL physical
habitat characterization represents the suite of data that should be collected with most professional level
bioassessment samples (e.g., SWAMP regional monitoring programs). In addition to these data, we also
briefly introduce additional data modules (e.g., excess sediment, periphyton) that can be collected as
supplements to the full set (OPTIONAL). Table 1 lists the physical and chemical variables that should
be measured under the different levels.

Note: SWAMP intends to develop guidance for selecting appropriate physical habitat modules to the intended
uses of data. Until this guidance is available, users of these protocols should consult with representatives of
the Regional Water Quality Control Boards (Regional Boards) or the SWAMP Bioassessment Coordinator when
selecting modules.

FIELD CREW SIZE AND TIME ESTIMATES

These methods are designed to be completed by either two or three (or more) person field crews. A very
experienced field crew can expect to complete the full suite of physical habitat measurements and the two
BMI sampling protocols in approximately two hours. Less experienced crews will probably take closer to
three or four hours to complete the work depending on the complexity of the reach. Note that this estimate
includes only time at the site, not travel time between sites.

Equipment and Supplies
Recommended equipment and supplies are listed in Table 2.

February 2007
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SECTION
f REACH DELINEATION AND WATER GUALITY

REACH LAYOUT AND GENERAL DOCUMENTATION

The systematic positioning of transects is essential to collecting representative samples and to
the objective quantification of physical habitat measures. The standard sampling layout consists
of a 150-m reach (length measured along the bank) divided into 11 equidistant transects that

are arranged perpendicular to the direction of flow (Figure 1, Figure 2). Ten additional transects
(designated “inter-transects”) located between the main transects give a total of 21 transects per
reach. Main transects are designated A through K while inter-transects are designated by their
nearest upstream and downstream transects (e.g., AB, BC, etc.). In extreme circumstances, reach
length can be shorter than 150 m (e.g., if upstream and downstream barriers preclude a 150-m
reach), but this should be avoided whenever possible. If the actual reach length is other than 150
m or 250 m this should be noted and explained on the field forms. J

Note 1: The standard reach length differs from that used in the EMAP design, in which reach length was
defined as 40x stream width, with a minimum reach length of 150 m. The EMAP reach length approach is
used to ensure that enough habitat is sampled to support accurate fish assemblage estimates and relatively
precise characterization of channel characteristics (e.g., residual pool volumes and woody debris estimates,
which that are critical for relative bed stability estimates). Programs wishing to sample fish assemblages or
produce relative bed stability estimates should strongly consider adopting the EMAP guidance for setting
reach length.

Note 2: Streams > 10 m wetted width should use a reach length of 250 m. Some very large streams (i.e.,

> 20-m wetted width) may not be adequately represented even by a 250-m reach. In these cases, field crews
should define a reach length that is representative of the larger stream segment being studied (i.e., attempt to
include two to three meander cycles, or four to six riffle-pool sequences when possible).

Note 3: When the exact reach location is not restricted by the sampling design, attempt to position reaches
upstream of bridges to avoid this influence.

Step 1. Upon arrival at the sampling site, fill out the reach documentation section of the field forms (site and
project identification, stream and watershed name, crew members, and date/time). If known at the time of
sampling, record the Site Code following SWAMP site code formats. Determine the geographic coordinates of
the downstream end of the reach (preferably in decimal degrees to at least four decimal places) with a GPS
receiver and record the datum setting of the unit (preferably NAD83/ WGS84).
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Figure 1. Reach layout geometry for physical habitat and biological sampling showing positions of 11 main transects (A - K) and the 10 supplemental
inter-transects (AB- JK). The area highlighted in the figure is expanded in Figure 2. Note: reach length = 150 m for streams < 10-m average wetted
width, and reach length = 250 m for streams > 10-m average wetted width.

Step 2. Once a site has been identified, make an initial survey of the reach from the stream banks (being
sure to not disturb the instream habitat). If TRC samples will be collected, identify all riffle habitats suitable
for sampling (see Section Illa for suitable habitat types) and note their positions so that a subset can be

identified for sampling.

Step 3. Determine if the average wetted width is greater or less than 10 m. If the average wetted width < 10
m, use a 150-m reach length. If the average wetted width > 10 m, use a 250-m reach length.
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Step 4. Starting at one end of the reach, establish the position of the 11 main transects (labeled A-K from
downstream to upstream) by measuring 15 m (25 m for streams > 10 m wetted width) along the bank
from the previous transect. The 10 inter-transects should be established equidistant from the adjacent main
transects (i.e., 7.5 m from main transects for 150-m reaches, 12.5 m for 250-m reaches). Since the data
collection will start at the downstream end, is often easiest to establish transects starting from the upstream
end. For easy setup and breakdown, mark the main transects with easily removable markers (e.g., large
washers tied with strips of flagging, surveyor’s flags).

Note 1: While it is usually easiest to establish transect positions from the banks (this also reduces disturbance
to the stream channel), this can result in uneven spacing of transects in complex stream reaches. To avoid
this, estimate transect positions by projecting from the mid-channel to the banks.

Note 2: Flagging of a single bank is recommended to reduce mistakes caused by missed markers.

Step 5. Measure and record common ambient water chemistry measurements (pH, DO, specific conductance,
alkalinity, water temperature) at the downstream end of the reach (near same location as the GPS coordinates
were taken). These are typically taken with a handheld water quality meter (e.g., YSI, Hydrolab), but field
test kits (e.g., Hach) can provide acceptable information if they are properly calibrated. For appropriate
calibration methods and calibration frequency, consult the current SWAMP QAMP (Appendix F), or follow
manufacturer’s guidelines.

Note 1: If characteristics of the site prohibit downstream entry, measurements may be taken at other points in
the reach. In all cases, ambient chemistry measurements should be taken at the beginning of the reach survey.

Note 2: Alkalinity test kits may not perform well in low ionic strength waters. Programs should consider
collecting lab samples for these sites (see SWAMP QAMP for guidance on collecting water chemistry samples).

Step 6. Take a minimum of four (4) photographs of the reach at the following locations: a) Transect A
facing upstream, b) Transect F facing upstream, c) Transect F facing downstream, and d) Transect K facing
downstream. It may also be desirable to take a photograph at Transect A facing downstream and Transect K
facing upstream to document conditions immediately adjacent to the reach. Digital photographs should be
used when possible. Record the image numbers on the front page of the field form.

Note 1: When possible, photograph names should follow SWAMP coding conventions (“StationCode_yyyy_
mm_dd_uniquecode”). The unique code should include one of the following codes to indicate direction: RB
(right bank), LB (left bank), BB (both banks), US (upstream), DS (downstream). SWAMP suggests using
unique codes created by the camera to facilitate file organization. Example: 603WQLB02_2004_03_20_
RBDS1253.
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Step 7. Record the dominant land use and land cover in the area surrounding the reach
(evaluate land cover within 50 m of either side of the stream reach).

Step 8. At the bottom of the form, record evidence of recent flooding, fire, or other disturbances
that might influence bioassessment samples. Especially note if flow conditions have been affected
by recent rainfall, which can cause significant under-sampling of BMI diversity (see note in the
following section). If you are unaware of recent fire or rainfall events, select the “no” option

on the forms.
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Notes to Standardize SWAMP Field Data Sheets
(For in the field use)

COMPLETELY FILL OUT ALL SECTIONS IN BLUE

Key Reminders to identify samples:
1. Sample Time is the SAME for all samples (Water, Sediment, & Probe) taken at the
sampling event. Use time of FIRST sample; important for COC.
2. Group; many diffrent ways to do a group, one suggestion is to create groups
which assign trips to assess frequency of field QA

Collection Details

1. Personnel: S. Mundell, G Ichikawa (first person listed is crew leader)

2. Location: Use "openwater" in bay/estuary/harbor only if no distinguishable channel exists

3. GRAB vs INTEGRATED: GRAB samples are when bottles are filled from a single depth;
INTEGRATED sample are taken from MULTIPLE depths and combined.
a. GRAB: use 0.1 for subsurface samples; if too shallow to submerge bottle; depth =0
b. INTEGRATED: -88 in depth sampled, record depths combined in sample comments

4. TARGET LAT/LONG: Refers to the existing station location that the sampling crew is trying
to achieve; can be filled out prior to sampling

5. ACTUAL LAT/ LONG: is the location of the current sample event.

6. HYDROMODIFICATION: Describe existing hydromodifications such as a grade control,
drainage pipes, bridge, culvert

7. HYDROMOD LOC: if there is an IMMEDIATE (with in range potentially effecting sample)
hydromodification; Is the hydromodification upstream/downstream/within area of sample; if
there is no hydromodification, NA is appropriate

8. STREAM WIDTH and DEPTH: describe in meters at point of sample.

FIELD OBSERVATIONS: (each one of these observations has a comment field in the database so
use comment space on data sheet to add information about an observation if necessary)
1. PICTURES: use space to record picture numbers given by camera; be sure to rename
accordingly back in the office. (StationCode_yyyy mm_dd_uniquecode)
2. WADEABILITY: in general, is waterbody being sampled wadeable to the average person AT
the POINT of SAMPLE
3. DOMINANT SUBSTRATE: if possible; describe DOMINANT substrate type; use UNK if you
cannot see the dominant substrate type
. BEAUFORT SCALE: use scale 0-12; refer to scales listed below.
5. WIND DIRECTION: records the direction from which the wind is blowing
6. OTHER PRESENCE: VASCULAR refers to terrestrial plants or submerged aquatic vegetation
(SAV) and NONVASCULAR refers to plankton, periphyton etc. These definitions apply
to vegetation IN the water at the immediate sampling area.
. OBSERVED FLOW: Visual estimates in cubic feet/ second.
. WATER COLOR: This is the color of the water from standing creek side
9. WATER CLARITY: this describes the clarity of the water while standing creek side; clear
represents water that is clear to the bottom, cloudy may not be clear to bottom but
greater than 4” can be seen through the water column.
10. PRECIPITATION LAST?24hrs: refers to field crews best categorization of rainfall in the last 24 hrs;
may or may not effect Overland Runoff Last 24 hrs
11. OVERLAND RUNOFF LAST 24 hrs: Light Precip = fog, drizzle, and/or light rain with no overland runoff;
Mod to Heavy Precip = rain such that site probably or definitely received at least some overland runoff
12. SedimentComp: generally described sediments used for chemistry sample

N

0

Note: these reminders do not give all details needed to maintain equivalent SWAMP sampling
protocols, they are strictly for “infield” use to help insure comparability of field observations.



BEAUFORT SCALE: Specifications and equivalent speeds for use on land

FORCE

8

Source:

EQUIVALENT

SPEED

10 m above ground

miles/hour
0-1

1-3

8-12

13-18

19-24

25-31

32-38

39-46

knots
0-1

1-3

4-6

7-10

11-16

17-12

22-27

28-33

34-40

DESCRIPTION

Calm

Light air

Light Breeze

Gentle Breeze

Moderate Breeze

Fresh Breeze

Strong Breeze

Neargale

Gale

Last edited on 09 January, 1999 Dave Wheeler weatherman@zetnet.co.uk

Web Space kindly provided by Zetnet Services Ltd, Lerwick, Shetland.

SPECIFICATIONS FOR USE ON LAND

Calm; smoke rises vertically

Direction of wind shown by smoke drift, but not by wind
vanes

Wind felt on face; leaves rustle; ordinary vanes moved by
wind

Leaves and small twigs in constant motion; wind extends
light flag

Raises dust and loose paper; small branches are moved.

Small trees in leaf begin to sway crested wavelets form
on inland waters

Large branches in motion; whistling heard in telegraph
wires umbrellas used with difficulty

Whole trees in motion; inconvenience felt when walking
against the wind

Breaks Twigs and generally impedes progress
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SWAMP Field Data Sheet (Water Chemistry & Discrete Probe) - EventType=WQ

OVERLAND RUNOFF (Last 24 hrs):

none, light, moderate / heavy, unknown

Entered in d-base (initial/date) Pg of Pgs
*Station>: ___ ~ |*Date (mm/ddlyyyy): / / *Group: *Agency:
*~unding: ArrivalTime: |DepartureTime: *SampleTime (1st sample): *Protocol:
*ProjectCode: *Personnel: *Purpose (circle applicable): WaterChem WaterTox Habitat FieldMeas *PurposeFailure:
*Location: Bank Thalweg Midchannel OpenWater *GPS/DGPS Lat (dd.ddddd) Long (ddd.ddddd) OCCUPATION METHOD: Walk-in Bridge R/V Other
| B D Target: = STARTING BANK (facing downstream): LB / RB / NA
IDatum: NAD83 |Accuracy (ft/m): *Actual: - Point of Sample (if Integrated, then -88 in dbase)
Habitat Observations (CollectionMethod = Habitat_generic ) wapeasiLiTy: |BEAVFORT DISTANCE STREAM WIDTH (m):
Y/ N /Unk SCALE (see FROM
SITE ODOR: None,Sulfides,Sewage,Petroleum,Smoke,Other attachment): BANK (m): WATER DEPTH (m):
WIND N HYDROMODIFICATION: None, Bridge, Pipes, ConcreteChannel, GradeControl, Culvert,
SKY CODE: Clear, Partly Cloudy, Overcast, Fog, Smoky, Hazy W@*E AerialZipline, Other LOCATION (to sample): US /DS /WI/
DIRECTION Y —
OTHER PRESENCE: Vascular,Nonvascular,OilySheen,Foam, Trash,Other___|(from): PHOTOS (R8 & LB,ass'gnEd when facing  1: (RB/LB/BB/US /DS /##)
downstream; RENAME to
DOMINANT SUBSTRATE: Bedrock, Concrete, Cobble, Gravel, Sand, Mud, Unk, Other StationCode_yyyy_mm_dd_uniquecode):
WATERCLARITY: Clear (see bottom), Cloudy (>4" vis), Murky (<4" vis) PRECIPITATION: None, Fog, Drizzle, Rain, Snow 2:(RB/LB/BB/US/DS/#)
WATERODOR: None, Sulfides, Sewage, Petroleum, Mixed, Other PRECIPITATION (last 24 hrs): Unknown, <1", >1", None
WATERCOLOR: Colorless, Green, Yellow, Brown EVIDENCE OF FIRES: No, <1 year, <5 years 3:(RB/LB/BB/US/DS/#4)

OBSERVED FLOW: NA, Dry Waterbody Bed, No Obs Flow, Isolated Pool, Trickle (<0.1cfs), 0.1-1cfs, 1-5cfs, 5-20cfs, 20-50cfs, 50-200cfs, >200cfs
Field Measurements (SampleType = FieldMeasure; Method = Field)
DepthCollec . Air Temp | Water Temp Dissolved O, | Dissolved O, | Conductivity | Turbidity .
(m) Velocity (fps) ) ) pH (ma/L) %) (US/em) ) Alkalinity PO4 N

SUBSURF/MID/
BOTTOM/REP

SUBSURF/MID/
BOTTOM/REP

SUBSURF/MID/
BOTTOM/REP

Instrument:

Calib. Date:

Samples Taken (# of

containers filled) - Method=Water_Grab

Field Dup YES / NO: (SampleType = Grab / Integrated; LABEL_ID = FieldQA; ¢

reate collection record

upon data entry

SAMPLE TYPE: Grab / Integrated

COLLECTION DEVICE:

Indiv bottle (b

hand, by pole, by bucket); Teflon tubing;

Kemmer; Pole

& Beaker; Other

DepthCollec

L)

Inorganics Bacteria Chla TSS/SSC

TOC/DOC

Total Hg

Dissolved

[ P,

Total Metals

Dissolved

| W PPN P

Organi | Toxicity

VOAs

Sub/Surface

Sub/Surface

COMMENTS:

Modified 02/10/11
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