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STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

PREFACE

"Standard Operating Procedures for Water Quality Sampling" is a presentation of surface water
sampling procedures and related activities by the Arizona Department of Environmental Quality's
Surface Water Section (SWS). ADEQ has two main groups that conduct surface water
monitoring. The Monitoring Unit conducts ambient monitoring of Arizona's lakes and streams
while the Total Maximum Daily Load (TMDL) Unit collects data to support development of
TMDLs for impaired surface waters in Arizona.

This document is meant to be a reference document for surface water monitoring staff, Its main
purpose is to maintain consistency among staff over time. It will also serve as a training manual
and an information source for agencies, contractors, organizations, and educators for sampling
surface waters.

DOCUMENT ORGANIZATION

The SWS Standard Operating Procedures (hereafter referred to as SOPs) is organized in a
sequential manner and is meant to outline all the activities before, during and after a sampling
trip. It is divided into the following chapters:

Chapter 1)  Pre-Trip Administrative Activities

Chapter 2)  General Field Procedures

Chapter 3)  Chemistry Procedures

Chapter 4)  Bacteria Collection

Chapter 5)  Measuring Flow

Chapter 6)  Automated Sampling Equipment

Chapter 7)  Stream Ecosystem Monitoring

Chapter 8)  Geomorphology Procedures

Chapter 9)  Post-Trip Procedures

Chapter 10)  Data Management

The appendixes cover reference information that is important for water quality sampling.
The SOP's have been designed to allow staff to jump the particular chapter that is needed for a
particular project. The following icons are used throughout the text to draw the reader's attention
to important procedures.
@ This symbol is meant to draw the reader's attention to a particular point.

This symbol is meant to alert the reader that this is a critical point that cannot be

missed.

This manual, or portions of it, will be updated whenever available technologies, procedures, or
quality assurance protocols change. The SOPs are posted on the ADEQ website and is available in
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printed form at the ADEQ library at 1110 W. Washington Street, Phoenix, Arizona. Updates to
the SOPs will be posted in a timely manner on the website.

Any reference to specific brand names or model numbers is intended for the sake of clarification
purposes and in no way represents an endorsement of such product.
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CHAPTER 1  PRE-TRIP ACTIVITIES

Preparation is the key to a successful monitoring trip. Monitoring staff are responsible for
remembering numerous items before they even leave the office. This chapter is designed to help
staff prepare for trips by using checklists, calibrating equipment, and considering site safety before
they leave the office.

1.1 IMPORTANT DOCUMENTS AND FORMS

This document is used in conjunction with several other documents, each of which answers basic
questions related to water quality sampling as indicated below.

Sampling and Analysis Plan (SAP)

_______________________________

\ /
/ = \

Standard Operating Procedures (SOPs) ( Addresses how to sample )
\

_______________________________

_______________________________

/ = \
Field Forms { Documents Sampling Data and Procedures )
\
' d

_______________________________

Staff should be familiar with each of these documents before attempting to sample.

1.2 FIELD TRIP EQUIPMENT LISTS

Check lists are very important tools to ensure that all the needed equipment is accounted for
before going out into the field. Appendix A has checklists sorted by program (lakes, ambient
streams, TMDL, etc.). The checklists may not be complete for all projects. Certain projects don't
need all of the equipment listed for every trip.

1.3 ORDERING SUPPLIES

It is the responsibility of the lab coordinator and staff to make sure that all supplies are fully
stocked in the lab. Staff should contact the lab coordinator if bottles, acid, batteries, bags or any
other supplies need to be ordered.

1.4 EQUIPMENT CALIBRATION

1.4.1 GENERAL CARE OF THE MULTIMETER

ADEQ currently uses Insitu, Hydrolab and YSI multimeters. The multimeter measures field
parameters such as temperature, pH, and conductivity. They consist of two main parts; the
surveyor readout unit and the sonde. The surveyor is the computer while the sonde contains the
various probes.
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The calibration procedures listed in this document are just a subset of the YSI and
Hydrolab manuals. Always consult the respective equipment manual if additional
information is needed.

The sonde and surveyor must be transported and stored in the hard plastic Pelican cases. Proper
care of the probes is essential for accurate readings. An occasional pre-calibration cleaning and
rinse with isopropyl alcohol and a very soft brush or cotton ball is recommended. Repeated use of

Conductivity /
DO / TDS Stirrer
pH Temp
FIGURE 1.1. Minisonde sensor placement. FIGURE 1.2. Hydrolab calibration.

the meter can accumulate iron filings on the Hydrolab's magnetic dissolved oxygen stirrer. Regular
cleaning will keep the build-up from becoming an operational problem. FIGURE 1.1 shows the
location of the sensors on the Hydrolab Minisonde unit. FIGURE 1.2 shows the calibration of
the Hydrolab.

Maintain about 1/8 to 1/4 inch of tap water (or pH 4 buffer) in the probe protective cup at all
times. Do not let the probes dry out because they will be permanently damaged and will have to
be replaced.

Never store deionized water in the probe protective cup.
The connectors on the cable, probe and transmitter should be cleared of debris. Do not let the
cable ends fall into the dirt or water. Keep protector caps on the sensor connectors and cable

connectors whenever they are not in use.

Always check the battery reading before taking the unit into the field. The Hydrolab Surveyor 4
read-out units are equipped with a rechargeable nickel metal hydride battery (FIGURE 1.3).
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The fully charged battery holds a charge of 8.5 volts and should be recharged when the
@ level reaches 6.5 volts. Nickel metal hydride batteries can be charged to full voltage at
any time, no matter how low the voltage.
Turn the unit off immediately after use to preserve the battery
charge. The stirrer unit is the largest draw on the battery, so use it
sparingly. Some models will allow the observer to disable the
stirrer when not needed.

Carefully coil the cable after use into a 6" to 12" diameter coil. Do
not step on the cable or allow it to become kinked. If the pin
connector to the probe or stirrer becomes difficult to slip on,
lubricate the connector sleeve with the clear petroleum lubricant
provided in the maintenance kit. The male connector pins should
occasionally be cleaned with a weak solvent and a soft brush. After
cleaning, always apply a thin coating of petroleum lubricant.

Protect units from temperatures greater than 122° F (50 °C).
Units will automatically shut down at this temperature. The read-
out units utilize a liquid crystal display and very cold or very hot
temperatures will adversely affect the display read-out; therefore, do

FIGURE 1.3. Surveyor ot subject units to extreme hot and cold temperatures.

1.4.2 HYDROLAB CALIBRATION PROTOCOLS

All equipment should be calibrated before and after each use in the field and recorded in the
equipment log book, which is kept with the unit. This allows the sampler to determine the
accuracy of the field parameters taken at the site and ensures that the instrument is ready for the
next user. Some individuals may chose to calibrate at each site depending on the requirements of
their sample plan. Each time the instrument is pre-calibrated and post -calibrated, the results must
be noted in the log book along with the name of the user and the intended use of the equipment.
Any problems with the unit should also be noted. As a general rule, the temperature and other
parameter readings should be monitored for approximately a minute to ensure that the values
stabilize before the readings are recorded in the unit’s log book. There may be some drift between
the two calibration values, depending on the amount of elapsed time between the pre-calibration
and post-calibration.

When calibrating the units, use the function and cursor keys on the Surveyor 4 read-out units
(FIGURE 1.3) to navigate through the procedure.

Try running through the calibration procedure again if the readout states “calibration out of
range”. If the problem occurs again, it may be that the probe in question needs the reference
solution replaced. Use fresh reference solution (be sure it hasn't expired) and replace the probes
old solution. If the probe will still not calibrate, make notes in the calibration book regarding the
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problem and have it shipped back to the manufacturer for repair. Do not put the faulty unit back
into the cabinet.

1.4.2.1 Specific Electrical Conductance Calibration
There are normally three conductivity standards found in the lab area, 0.1 Molar (M), 0.01 M and
0.001 M potassium chloride (KCI) solutions. Use the 0.01 M KCI unless your site has low or high

conductivity. These three standards are typically sufficient for most conditions encountered in the

field. The ranges and values assigned to the standards are in most cases given in micro Siemens
per centimeter (US/cm).

When calibrating with the KCI standards, ensure that the solutions have not exceeded
the expiration date.

Standard solutions can be disposed of in the lab sink, using tap water to dilute and rinse

equipment.

1. Rinse the sensors three times with a half full calibration cup of deionized water to clear the
probes of contaminants.

2. Use a paper towel or other non-abrasive absorbent material and dry the electrodes of the
Electrical Conductivity (EC) probe. When the electrodes are dry, use the calibration menu
on the readout unit to set the EC value to zero and push enter to save. This is the 1st
point of the 2 point calibration. Rinse the sensors one additional time with DI water.

3. Rinse the sensors two times with a small amount of KCI standard solution. Try to use a
solution that has a conductivity range somewhere near the conditions expected to be seen
in the field.

4. Pour in the same KCI standard that was used when rinsing, until the conductivity

electrodes are covered with the solution. Make sure there are no bubbles attached to the
EC chamber; if bubbles are present, gently tap the cup to dislodge them.

5. Check the EC readings and look for stabilization of the value before continuing. EC
readings are corrected to 25° C, regardless of the ambient temperature of the solution.

6. Use the calibration button on the readout unit to adjust the EC value to the conductance
value of the KClI solution; press Enter. This saves the calibration reading.

7. If other probes need calibrating, discard the KCI solution and rinse the cup and sensors 2

times with deionized water. When the EC calibration is completed, discard the KCI
solution into the sink and flush with tap water. When storing the unit, add a small
amount of tap water in the cup to keep the probes moist.

1.4.2.2 pH Calibration

When performing a pH calibration, always check the buffer solutions being used and make sure
that they are still within the expiration period specified on the container. pH calibration is
performed by measuring two buffer solutions of differing and known pH values. This allows the
sensitivity, or slope, to be determined. If acidic conditions are expected at the sample site,
calibrate using the 4.0 buffer solution and the 7.0 buffer solution. If the sample site typically

shows basic conditions of above pH 7, use the 7.0 buffer and the 10.0 buffer.
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Always use the 7.0 buffer first and then either the 4.0 or the 10.0 to establish the slope.
@ Because of the basic nature of Arizona's soils, most surface waters are usually above a
pH of 7.0.
1. Rinse the cup and sensors two times with a small amount of the 7.0 pH buffer solution.
Fill the calibration cup with enough of the 7.0 pH buffer solution to completely cover the
pH electrode.

3. Let the temperature and pH values stabilize before recording the current pH value.

4. Use the calibration menu to reset the pH value to 7.00. Save the new calibration value.
Record the new value given by the unit in the log-book.

5. Repeat procedures 1 through 4 with a slope solution of either pH 4.00 or pH 10.00.

1.4.2.3 Dissolved Oxygen Calibration

Calibration of the dissolved oxygen (DO) probe is performed in the storage cup of the Minisonde
unit. Before beginning the calibration process, check the membrane on the DO probe for
wrinkles and tears. There should not be any air bubbles present under the membrane. If any of
these conditions are present, the membrane should be replaced with a new one before calibration.
Hydrolab recommends that the unit be allowed to sit overnight after replacing the membrane.
This allows the membrane to stretch and conform itself to the probe. Although calibration can be
performed using a known DO concentration, it is easier to use percent saturation DO. Saturation
of oxygen in water is determined by air pressure. Most probes have builtin barometers. Use a
hand held altimeter capable of reporting ambient air pressure if a probe doesn’t have a built in

barameter.

1. Fill the calibration cup with tap water to below the DO probe membrane (water must not
cover the membrane).

2. If needed, blot the DO membrane gently with a lint-free absorbent cloth or tissue to
remove any water droplets. Use a material that is non-abrasive.

3. Invert the cap and slide it over the top of the calibration cup, and let the unit sit for about

5 minutes to allow the conditions inside the cup to stabilize. Do not screw the cap back
on. This will increase pressure inside the calibration cup.

4. Use the hand-held altimeter or the barometer in the unit to measure the ambient air

“ . ”» “ . ”» .

pressure (the terms “air pressure” and “barometric pressure” are equivalent). If a
barometer is not available or not functioning properly, contact a nearby airport. If the
calibration site is at approximately the same elevation and is not too distant from the
airport, the air pressure reading should be usable for calibration purposes.

(uncorrected) values of air pressure and can be used “as is” for dissolved oxygen
calibration. Weather service readings are usually not “true”, i.e., they are corrected to
sea level, and therefore cannot be used until they are “uncorrected”. An approximate
formula for this “uncorrection” (where the BP readings MUST be in mm Hg) is: True
BP = [Corrected BP] - [2.5 * (Local Altitude in feet above sea level/100)]. Also note,
25.4 mm of Hg = 1 inch of Hg.

@ Barometer readings from the Hydrolab or handheld barometer are usually “true”

REVISED MARCH 2015 5



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

there is a basic rule of thumb that can be used to obtain air pressure. Standard
pressure at sea level is 29.92 inches of Hg. Atmospheric pressure decreases with
increasing altitude. For every increase of 1,000 feet in elevation above sea level, air
pressure will decrease approximately 1.0 inch of Hg. This simple formula can be
useful, but may not hold up well in cases where there is a DO exceedance that cannot
be attributed to naturally occurring conditions. Be sure to qualify the DO data if this
method has to be used.

@ If an altimeter is not available or the altimeter on hand is not functioning properly,

5. Before calibrating the DO probe, record the pre-calibration percent saturation value after
the unit has stabilized. Using the calibration menu for % saturation, enter the barometric
pressure when prompted. Record the new DO percent saturation reading, which should
be at or near 100%. The reading should be stable for about 20 to 30 seconds. If DO is
being measured at a number of sites and at substantially different elevations, the unit
should be calibrated at each site. Most stream and lake sampling will require DO
calibration at each site.

1.4.3 YSI CALIBRATION PROCEDURES

Before Calibrating the YSI, connect the Sonde to the unit via cable and turn unit on. Highlight
sonde run and press enter. FIGURE 1.4 shows the basic components of the YSI Sonde and
Surveyor.

FIGURE 1.4. YSI Multiprobe for streams

1.4.3.1 Dissolved Oxygen
1. With the calibration cup on the sonde, open up the cap and place approximately 3 mm
(1/8 inch) of water in the bottom of the calibration cup. Make certain that the DO and
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5.

temperature probes are not immersed in the water and are dry (use chem wipe to dry).
Engage only 1 or 2 threads of the calibration cup to ensure the DO probe is vented to the
atmosphere. Wait approximately 10 minutes for the air in the calibration cup to become
water saturated and for the temperature to equilibrate.

Press escape to return main menu. Select sonde menu and press enter to connect Sonde
to unit. Select calibrate, then dissolved oxy, and DO sat%. Calibration of dissolved oxygen in
the DO % procedure also results in calibration of the DO mg/L mode and vice versa.

Next enter the barometric pressure (mmHg) located at the right bottom of the screen and
press enter. Allow to stabilize and press enter.

Return to the 650 main menu by pressing escape 3 times and select sonde run. Allow to
stabilize.

The true values for dissolved oxygen, conductivity, and pH should be recorded from
the sonde run menu and not the calibration menu.

Record the DO% value in the equipment logbook.

1.4.3.2 Conductivity

1. With the calibration cup attached to the sonde, rinse the cup and conductivity sensor with
a small amount of the standard that will be used and discard rinse. Avoid cross-
contamination of standard solutions with other solutions. Make certain that there are no
salt deposits around the oxygen and pH probes, particularly if employing standards of low
conductivity.

2. Fill the calibration cup with the appropriate standard solution until the conductivity probe
is completely immersed in the solution. Gently rotate and/or move the sonde up and
down to remove any bubbles from the conductivity cell.

3. Allow at least one minute for the temperature to equilibrate before proceeding.

4. From the calibrate menu select conductivity and then SpCond. Enter the calibration value
of the standard (mS/cm at 25°C) and press enter. The current values of all enabled sensors
will appear on the screen.

5. Once the specific conductivity value becomes stable press enter. The screen will indicate
that the calibration has been accepted. When prompted, press enter again to return to the
calibrate menu.

6. Return to the 650 main menu by pressing escape 3 times and select sonde run. Allow to
stabilize.

7. Record the conductivity value in the equipment logbook.

8. Rinse the sonde in tap or purified water and dry the sonde.

1.4.3.3 pH

1. Rinse the pH probe and calibration cup with pH 7 buffer and discard solution.

2. Fill the calibration cup just above the pH probe with pH 7 buffer.

3. From the calibrate menu, select ISE1 pH to access the pH calibration choices and then

press 2 Point. Enter the value of the buffer solution (7.0) and press Enter.
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4. The current values of all enabled sensors will appear on the screen and change with time as
they stabilize in the solution. Allow the pH value to stabilize and press enter to calibrate.

5. After the pH 7 calibration is complete, press enter again, as instructed on the screen, to
continue.

6. Rinse the probe with pH 10 buffer and then fill the calibration cup above the probe with
pH 10 buffer.

7. Enter the value of the second pH solution (10.0) and press enter. Allow to stabilize.

8. The current values of all enabled sensors will appear on the screen and change with time as
they stabilize in the solution. Allow the pH value to stabilize and press enter to calibrate.

9. After the second calibration point is complete, press enter again, as instructed on the
screen, to return to the Calibrate menu.

10. Return to the 650 main menu by pressing escape 3 times and select sonde run. Allow to
stabilize.

11. Record the pH 10 value in the equipment logbook.

12. Rinse the pH probe and calibration cub with pH 7 solution and discard rinse. Fill the
calibration cup above the probe with pH 7 buffer and let the value stabilize. Record pH 7
value in the equipment logbook.

13. Rinse the sonde and calibration cup in water and cap the cup with 1/8 inch of water for
storage.

The majority of environmental water of all types has a pH between 7 and 10. If a site
will have a low pH then use the pH 4 and 7 buffer solutions to calibrate.

1.4.4 MULTI-PARAMETER TROLL 9000

1.4.4.1 General Calibration Procedures

The Multi-Parameter Troll (MPT) can be used to measure pH, specific conductivity, and dissolved
oxygen (DQO). The following sections describe the procedures for calibrating each of these
parameters. Complete records including the date, pre- and post- calibration values, calibration
standard lot numbers and expiration dates, any maintenance performed (e.g. change DO
membrane), and any problems encountered during calibration should be recorded in the field
book associated with each probe.

Each field case should contain the MPT probe, pH, conductivity, and DO sensors, sensor
maintenance kits, a calibration cup (Cal Cup), flow restrictor, stirrer, sensor insertion tool, sensor
extraction tool, field book, and computer connection cable.

Maintenance kits for each of the sensors should contain the following:
1. DO Kit

a. Extra Membranes

b DO Polishing Strips

c. Silicon Grease

d 10% NH3 Cleaning Solution

REVISED MARCH 2015 8



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

e. DO Electrode Filling Solution
f. Cleaning Brush

g. Storage Bottle
2. Conductivity

a. Silicon Grease
3. pH

a. Silicon Grease

b. Storage Bottle

Maintenance work on the units is normally done on a quarterly basis; equipment that is not being
regularly used should be maintained every six months. A computer with Win-Situ 4.0 software
installed is required for calibration; the MPT should be calibrated prior to the start of field work,
recalibrated as conditions dictate (i.e. changes in barometric pressure) and the calibration checked
at the completion of field work.

1.4.4.2 Conductivity

Conductivity should be calibrated first to avoid carry-over from other standards (e.g. pH buffers are
highly conductive). Prior to calibration make sure that the conductivity sensor is installed and
clean. To install the sensor:

1. Remove any moisture or dirt and use the sensor removal tool to remove the plug or sensor
from port 4 (FIGURE 1.5). Retain the plug for future use. The sensor can be cleaned by
rinsing it with tap water, then with deionized water, followed by a rinse with the solution
to be used for calibration.

End view of sensor block

D.0. (polarographic)
or pH
or ORP
or ammonium
or chlonde
or mitrate
or ORP
oF mmoniu
or chiode
or nitrate
or Optical 0.0, pHORP
or turbidity wiper or Optical D.Q.
orpH
or ORP
or ammonium
or chionde
or nitrate

FIGURE 1.5. Sensor Port Configuration (left). Troll 9000 (right).

2. Check lubrication of the sensor o-rings.
3. Handle the sensor by the sides, not the tip and align the mark on the side of the sensor
with the mark on the port.
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4. Use the sensor insertion tool to press the sensor into the port until it docks with the
connector at the bottom. When properly inserted a small gap (width of the sensor removal
tool) remains between the widest part of the sensor and the instrument body, for ease of
removal.

ADEQ purchases with 0.1 M, 0.01 M and 0.001 M potassium chloride (KCI) solutions that have
been prepared, tested and assigned an acceptable range and usually a tested lab value. These
standards are typically sufficient for most conditions encountered in the field. If a site has
unusually high conductivity readings, it may be necessary to have the lab prepare a standard that
more closely resembles the site conditions. The ranges and values assigned to the standards are in
most cases given in microSiemens per centimeter (US/cm).

As a general rule, a mid-range solution (0.01M; 1,434 uS/cm) should be used to calibrate the MPT
unless site conditions dictate use of a different solution. When calibrating with the KCI standards,
insure that the solutions have not exceeded the expiration date. Standard solutions can be
disposed of in the lab sink, using tap water to dilute and rinse equipment. The following steps will
be followed to calibrate the conductivity probe on the MPT:

1. With the conductivity sensor installed and plugs or sensors in the other sensor ports, rinse
the front end of the MPT with tap water.

2. Insure the PVC base is attached to the Cal Cup, triple rinse and fill the Cal Cup to the fill
line with the selected calibration solution. If all the sensors are installed use the lower fill
line as a guide (about half full), otherwise fill to the upper line.

3. Insert the front end of the MPT into the open end of the Cal Cup. Thread the Cal Cup
onto the body until seated against the o-ring, then back off slightly to avoid over tightening.
Ensure that the conductivity probe is completely immersed in standard. The hole in the
side of the probe MUST be under the surface of the solution and NOT have any trapped
bubbles in the openings.

4. Connect the MPT to a PC with the computer connection cable and establish a connection
in Win-Situ 4.0.
5. Select the MPT in the Navigation tree. The software will automatically detect and display

the installed sensors. If one or more sensors are installed in the wrong port, an error
message will be displayed. Simply remove the sensor and install it in the correct position,
then “refresh” the device before continuing.

6. Select conductivity in the Parameters list. The sensor serial number (SN), type, and recent
calibration information is shown. Select Calibrate. The Conductivity Calibration Wizard
starts.

7. Select the calibration solution the sensor is soaking in and select Next to continue.

8. In the next screen, select Run to begin the stabilization. The display will continuously
update as readings are taken and compared against the stabilization criteria. Status
indicators:

a. NOT TESTED is displayed until the calibration is selected by pressing Run.

b. UNSTABLE indicates the sensor response does not meet the criteria for a valid
calibration point.

C. NOMINAL indicates the sensor deviation meets early stabilization criteria.
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The Accept button becomes available when nominal stability is achieved, wait until
STABLE appears before selecting the Accept button. Calibration proceeds automatically to
the next screen. Temperature at the time of calibration is displayed for your information.

Most sensors stabilize within 1-3 minutes if the sensor is properly hydrated before
calibration. To minimize stabilization times, do not handle the instrument during the
time the sensor is taking readings in the calibration solution.

9. The final screen shows the new cell constant (Kcell) calculated for the selected range during
the calibration process. The cell constant should range between 0.34 - 0.4.

10. Select Finish in order to program the sensor with the displayed cell constant. The
conductivity sensor is now calibrated and ready to use in the range for which it was
calibrated.

1.4.4.3 pH

Prior to calibration make sure that the pH sensor is installed and clean. To install the sensor:

1. Remove any moisture or dirt and use the sensor removal tool to remove the plug or sensor
from port 1 (FIGURE 1.5). Retain the plug for future use. The sensor can be cleaned by
rinsing it with tap water, then with deionized water, followed by a rinse with the solution
to be used for calibration.

2. Check lubrication of the sensor o-rings.

3. Handle the sensor by the sides not the tip and align the mark on the side of the sensor
with the mark on the port.

4. Use the sensor insertion tool to press the sensor into the port until it docks with the

connector at the bottom. When properly inserted a small gap (width of the sensor removal
tool) remains between the widest part of the sensor and the instrument body, for ease of
removal.

The following steps will be followed to calibrate the pH probe on the MPT:

1. With the pH sensor installed and plugs or sensors in the other sensor ports, rinse the front
end of the MPT.

2. Insure the black PVC base is attached to the Cal Cup. Triple rinse the Cal Cup and fill to
the fill line with the selected calibration solution. Begin with the lowest buffer value when
performing a multi-point calibration. If all the sensors are installed use the lower fill line as
a guide (about half full), otherwise fill to the upper line.

3. Insert the front end of the MPT into the open end of the Cal Cup. Thread the Cal Cup
onto the body until seated against the o-ring, then back off slightly to avoid over-tightening.

4. Connect the MPT to a PC and establish a connection in Win-Situ 4.0.

5. Select the MPT in the Navigation tree. The software will automatically detect and display
the installed sensors. If one or more sensors are installed in the wrong port, an error
message will be displayed. Simply remove the sensor and install it in the correct position,
then “refresh” the device before continuing.

6. Click to select pH in the Parameters list. The sensor serial number (SN) and recent
calibration information is displayed. Select Calibrate.
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7. Select the number of calibration points for this calibration and the pH value of the
calibration solution for each point. Cal point 1 is the solution the sensor is soaking in now.
Select Next to continue.

8. In the next screen, select Run to begin the stabilization. The display will continuously
update as readings are taken and compared against the stabilization criteria. Status
indicators:

a. NOT TESTED is displayed until the calibration is selected by pressing Run.

b. UNSTABLE indicates the sensor response does not meet the criteria for a valid
calibration point.

C. NOMINAL indicates the sensor deviation meets early stabilization criteria.
The Accept button becomes available when nominal stability is achieved; don’t
press the Accept button until a STABLE indicator is displayed.

9. If doing a one-point calibration, go to step 12.

10. For a multi-point calibration, remove the Cal Cup, discard the first solution, triple rinse
and refill the Cal Cup with the second solution.

11. Select Run to begin the stabilization for the second calibration point. Status indicators and

controls are the same as for the first calibration point (Step 8).

12. The final screen shows the sensor slope and offset calculated during the calibration
process. For a three point calibration, two sets of calculated coefficients will be shown. The
slope should range between -50 mV/ph and -62 mV/ph. A value outside this range may
indicate a bad sensor and a replacement should be obtained.

13. Select Finish in order to program the sensor with the newly calculated calibration
coefficients. The pH sensor is now calibrated and ready to use.

1.4.4.4 Dissolved Oxygen

The D.O. sensor performs best in clean water. In environments with high organic content, the
membrane can become fouled. Rips, tears, and other damage will also affect membrane
performance. For best results, replace the membrane when the slope and offset calculated during
calibration change dramatically, and also after a long-term deployment. Whenever the membrane
is changed, the sensor must be filled and conditioned for 24 hours prior to calibration. Because
the amount of oxygen that can be dissolved in water changes with changing barometric pressure,
DO should be recalibrated whenever there is a change in elevation or weather induced pressure
fluctuations.

The procedure for filling and changing the membrane is as follows:

1. Remove the soft protective caps from the membrane end and the connector end of the
sensor.

2. Remove the membrane module from the sensor body and fill with electrolyte as follows:
a. Holding the membrane module open-end up, position the electrolyte dispenser

against the side of the module without touching the membrane and fill slowly.

@ To eliminate air bubbles, tap the side of the module briskly with your fingernail or

small tool.
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4.

Insert the sensor into the open end of the membrane module. To minimize air, some of
the electrolyte should overflow from the open end as the sensor is inserted.
Thread the membrane module to the D.O. sensor.

Install and condition the probe as follows:

L.

Remove any moisture or dirt and use the sensor removal tool to remove the plug or sensor
from port 2 (FIGURE 1.5). Retain the plug for future use.

Check lubrication of the sensor o-rings.

Handle the sensor by the sides, not the tip and align the mark on the side of the sensor
with the mark on the port.

Use the sensor insertion tool to press the sensor into the port until it docks with the
connector at the bottom. When properly inserted a small gap (width of the sensor removal
tool) remains between the widest part of the sensor and the instrument body, for ease of
removal.

Put a small amount of clean water in the clean Cal Cup and attach it loosely to the
instrument. Do not seal the Cal Cup; it should be at ambient pressure. The sensor
membrane can be submerged or above the water level.

Connect the MPT to a PC and establish a connection in Win-Situ 4.0.

Select the MP TROLL 9000 in the Navigation tree. All installed sensors will be displayed.
Powering of the D.O. sensor begins as soon as the software recognizes the D.O. sensor and
displays it in the Navigation tree. This starts the conditioning process.

It is not necessary to maintain the computer connection; conditioning continues as
long as the sensor is installed. Be sure the membrane does not leak. There should no
be any drops on the surface or visible air bubbles under the membrane. Condition the
sensor for 24 hours before calibrating.

The following steps will be followed to calibrate the DO probe on the MPT:

1.

With the D.O. sensor installed, conditioned and plugs or sensors in the other sensor ports,
rinse the front end of the MPT thoroughly in clean water to remove contaminants and
traces of fluids used for earlier calibrations.

Dry the D.O. sensor membrane by shaking the probe and/or gently wiping with a soft swab
or the corner of a tissue. Be careful not to damage the membrane.

Triple rinse the Cal Cup with tap water and attach it to the MPT. Thread the Cal Cup
onto the body until seated against the o-ring, then back off slightly to avoid over tightening.
Invert the Troll with Cal Cup attached and remove the black end cap.

Gently fill the Cal Cup with clean water until the temperature sensor is completely covered
and the membrane at the tip of the D.O. sensor is in air. If any water splashes onto the
membrane, gently dry it again.

Loosely attach the end cap to the Cal Cup. For proper venting, a small hole in the threads
of the cap should be at least partly visible. A clamp or other support may be used to
maintain the TROLL 9000 in this inverted position.

Connect the MPT to a PC and establish a connection in Win-Situ 4.0.

REVISED MARCH 2015 13



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

8. Select MP TROLL 9000 in the Navigation tree. The software will automatically detect and
display the installed sensors.

9. Select Dissolved Oxygen in the Parameters list. The sensor serial number (SN) and recent
calibration information is displayed.

10.  Select Calibrate. The D.O. Calibration Wizard starts.

11.  Select the number of calibration points; in general a one-point calibration in air will yield
satisfactory results. Refer to the MPT operator's manual for a two-point calibration in

water.

12. Select the membrane type (the thickness is stamped on membrane module; if not marked,
it’s a 1-mil Teflon). Be sure the correct membrane type is selected.

13.  Select air for first calibration point.

14. Select the default stimulus at saturation. This value is calculated by the software at the

current temperature and barometric pressure. Click Next to continue
15. Select Run to begin stabilization for the first calibration point. The display will
continuously update as readings are taken and compared against the stabilization criteria.

Status indicators:

NOT TESTED is displayed until the calibration is selected by pressing Run.

UNSTABLE indicates the sensor response does not meet the criteria for a valid calibration point.
NOMINAL indicates the sensor deviation meets early stabilization criteria.

The Accept button becomes available when nominal stability is achieved; don’t press the Accept
button until a STABLE indicator is displayed. The calibration proceeds automatically to the next
screen. The calculated sensor slope and offset are shown.

A properly functioning sensor with a 1-mil membrane will have a slope in a range of 30-67 nA/
(mg/1). Anything outside this range suggests a problem with either the membrane or the sensor.
Install a new membrane; if problems persist, a new sensor may be needed. Additionally, the default

offset should read 2nA.

16. Select Finish in order to program the sensor with the new calibration coefficients.

1.4.4.5 Storage
If the instrument will be deployed in a day or so, leave all the sensors installed in the MPT. The

sensors can be stored for up to two weeks in the instrument with a moist sponge in the bottom of
the Cal Cup to provide a moist environment. For long-term storage, the water quality sensors
should be returned to their original packaging and the lubricated o-rings should be protected from
dust and dirt. The conductivity sensor should be removed, rinsed and stored dry. The pH cannot
be stored dry, in order to preserve the sensor’s reference solution, store the sensor in the electrode
storage bottle in a strong potassium chloride (KCI) solution. Ensure the bulb is immersed to keep
it hydrated. The DO sensor should be rinsed with deionized water, capped, and stored dry.
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1.4.5 INSITU CALIBRATION
The pH sensor should be stored in pH storage solution or pH 4 when not in use. This should be
done anytime the instrument is not deployed for more than 5 days.

DO NOT remove RDO cap unless replacing!

1.4.5.1 Preparation for Use:

1 Take the orange pH port plug out of the sonde unit.

2 Locate the pH probe in the sensor storage bottle and remove.
3. Insert probe into unit.
4
5

Store sensor storage bottle in safe location.
Put batteries in blue tooth unit.

1.4.5.2 Calibration

4

Tap the Calibration icon® =¥ in the inSitu App to access a list of sensors that are available for
calibration.

il Sprint D 10:49 AM 7 3} 78% =

: ‘ Calibration

Reservoir Sensor

Quick-Cal >

RDO Sensor >
Conductivity Sensor >

Depth Sensor >

pH Sensor >

ORP Sensor >
I I—
1.4.5.2.1 Dissolved Oxygen

Use the vented cup for calibration

1. Tap the Calibration icon.
2. Tap RDO Sensor.
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Conductivity Sensor >
Depth Sensor >
pH Sensor >
ORP Sensor >

3. Select 100% Saturation.

4. Place a water-saturated sponge in the bottom of the calibration cup. Place the instrument
into the calibration cup, and tap Start.
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Cares 100% Saturation

5. When the calibration is stable, tap the Accept button.

6. To view the calibration report, tap View Report.

7. Rinse the sensors thoroughly with DI water.

1.4.5.2.2 Conductivity Sensor

1. Tap the Calibration icon to access a list of sensors that are available for calibration.

2. Tap Conductivity Sensor.

3. Tap 1-Point Calibration.

4 Make sure the vented cap is installed on the calibration cup. Fill the cup to the fill line
with calibration standard. Place the instrument into the calibration cup, and tap Start.

5. inSitu automatically detects the calibration standard. If not, tap the white box and type in
true value of standard.

@ If your calibration standard references 20° C, tap the Thermometer icon and change
the reference temperature.

6. Once the calibration is stable, tap the Accept button.
7. To view the calibration report, tap View Report.
8. Rinse the sensors with DI water.

1.4.5.2.3 pH Sensor

1. Tap the Calibration icon to access a list of sensors that are available for calibration.

2. Tap pH Sensor.

3. Tap 2-Point Calibration.

4 Make sure the vented cap is installed on the calibration cup. Fill the cup to the fill line
with the first calibration buffer. Place the instrument into the calibration cup, and tap

Start.

5. When the calibration is stable, tap the Accept button.

6. Fill the cup to the fill line with the second calibration buffer. Place the instrument into the
calibration cup, and tap Start.

7. When the calibration is stable, tap the Accept button.
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1.4.5.3 How To Store:

To view the calibration report, tap View Report. Document the
stabilization of the pH 7 and check Live Reading screen for pH
10 and record value.

1.

3.

1.5

Take pH probe out of unit and insert orange pH port plug into
unit.

Take pH probe and put on o-ring and cap. Store probe in sensor
storage bottle with appropriate solution (see Section 9.4.1.3
Insitu Maintenance).

Take batteries out of blue tooth.

CLEANING EQUIPMENT

1.5.1 CHURN SPLITTER, DH 81 AND SAMPLE BOTTLE CLEANING
Prior to field use, the churn splitter must be cleaned as follows.

1.

1.6

Wash outside and inside surfaces of the equipment (Chrun, DH81 & sample bottle)
thoroughly with tap water and a non-phosphate (e.g., Liquinox) detergent using a non-
metallic stiff long-handled brush and let soak for thirty minutes. Before emptying
container, run about 100 milliliters of the soap solution through the spigot.

Rinse all surfaces thoroughly with tap water.

Rinse inside surfaces thoroughly with 500 milliliters of 5% hydrochloric acid (HCI). Run
some of the HCI solution through the spigot; however, if the churn splitter contains a
metal spring in the spigot, do not open the spigot.
For field cleaning, discard acid in a bucket with
enough limestone or suitable material to neutralize
the acid until it can be disposed of properly at the
laboratory.  For laboratory cleaning, discard used
acid in a waste container labeled “HCI waste” or
flush down sink with a copious amount of running
water.

Rinse all surfaces thoroughly (at least twice) with de-
ionized water.

After the second rinse, pour approximately 2 liters of de-ionized water into the churn.
Swirl the water in the churn; then check the pH with test strip paper. If less than 5.5 SU,
discard rinse water and rinse again with de-ionized water.

Set cleaned equipment on a suitable drying rack in a contaminant free environment.
Double wrap the churn with clean heavy-duty trash bags to protect from contaminants
during storage and transportation. Place cleaned DH-81 parts in heavy duty sandwich bags

FIGURE 1.6. DH-81nozzle and bottle.

to protect from contaminants.

FILTRATION AND TUBING

Silicon tubing is needed if dissolved metals are to be collected. The silicon-based tube should be
cut to length in the lab before going into the field. While cutting the tubing, wear a pair of clean
lab gloves and make the cut with a ceramic knife on a clean surface to prevent contamination of
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the tubing. After cutting the pieces to length (one tubing per site, plus any extra needed for
QA/QC samples), place them in a clean, sealable plastic bag for transport to the monitoring sites.

Do not allow tube ends to come in contact with any surfaces either in the lab or in the

field.

1.7 SITE RECONNAISSANCE

Site reconnaissance a vital part of preparing for a sampling run. The reconnaissance may be as
simple as looking up the information on the database to see how to get there and determining who
owns the property or it may require a special visit to determine if the site is accessible.

At a minimum the following questions should be considered before heading to a site.

° Who owns the land?

o If it is a private owner, did they grant access just for one trip or for multiple trips! Do they
want to be notified before you come?

o Are the directions adequate! Do you need to rewrite them?

. Will the sampling crew need a DH81 or churn splitter?

° Is the site perennial, intermittent or ephemeral?

The Monitoring Unit uses a random design for a portion of their sites. These sites typically need
to be visited because ADEQ may not have an established site located nearby. The Monitoring
Unit uses the Stream Reconnaissance Form to identify potential random sites (FIGURE 1.7).
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STREAM RECONNASSANCE FORM

SITE NAME: DATE: / / COMMENTS

RANDOM SITE ID: TEAM:
SITE PERMISSION

L Forest Service L] BLIT L] State

[ Other (Describe here):
LAND OVWNER.: [ Private (Fill in Private Owner Infornation)

PRIVATE OWNER NAME:

PRIVATE OWNER PHONE:

PRIVATE OWNER ADDRESS:
WAS ACCESS GRANTED BY | [J Ves for all quarters do not contact again [ ¥ es bt wants 1o be notified each quarter
PRIVATE OWNER? [ Mo — Owner denied access 00 Mo - Could not contact owner

COPY OF RESULTS? 00 ¥es 0O Ho SITE PHOTOS
O Mot Applicable. Site sampled and site photo mfbrmation is inclnded with field forms
Photo Identifier Description

LATITUDE OF X SITE (NAD 27): ° ‘ “ | LONGITUDE OF X SITE: 2

N0 [Jves

If Yes, X Site Moved due to:  [] Access Issues {describe in comments)
[ Flow Iss ues {describe in comments)

WAS THE ¥ SITE MOVED? ClOther (describe in
‘ LONGITUDE OF MOWVED
LATITUDE OF MOVED X SITE: ° ‘ . " | ®SITE: ° ‘ “
SAMPLE
15 & DH-81 AND & CHURN
SPLITTER NEEDED? O ves O N
DID YOU SAMPLE THIS
SITE? O Ves O

[ Target - Only reconnaissance was completed
[ Mom-target - Site currently dry; verified
[ Visually
[ Told it was dry by:
[ Mon-target - Stream not perennial
[ Mon-target - Wetland
[ Hom-target - Map error
L Hon-target - Access permission denied
[ HMon-target - Permanently Inaccessible (Tnshlefunsafe to reach site)
[ Mon-target - Temporarily inaccessible (Explain in corments)
IF HO, WHY? [ Other (Explain in cormments)

DIRECTIONS TO SITE

FIGURE 1.7. Stream Reconnaissance Form.
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1.8 SAMPLING PREPARATION FOR STREAM ECOSYSTEM MONITORING

Chapter 7 covers how to conduct Stream Ecosystem Monitoring (SEM). SEM requires looking up
the following information before going into the field (See Section 7.4).

Flow regime

Flow regime category

The fields listed under the stream type identification (Watershed Area, Valley Type)
Sinuosity and Slope

Elevation (for riparian association)

This information will enable the samplers to determine the stream type in the field and verify that
the measured bankfull width corrilates with the bankfull widths predicted by the regional curves.
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CHAPTER 2 GENERAL FIELD PROCEDURES
-

This chapter covers general sampling information including field forms, decontamination
procedures in the field and site safety.

2.1 FIELD DATA SHEETS

There are several different versions of field data sheets for the Monitoring or TMDL Unit based
on the particular waterbody or study of interest. The Monitoring Unit typically uses the form
listed in FIGURE 2.1. The Lake Program's field data sheets also must take into account depth and
other lake specific parameters such as water clarity. TMDL's field datasheets are site specific.
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AMBIENT STREAM MONITORING
FieLp FormMm

ADE

Arizona Department ®
of Environmental Quality

ED DECEMEER 2013

LD ForM REvIs

1.7 DETERMINING AMMONIA DETECTION LIMIT

1.1 CHEMISTRY SITE INFORMATION

Tnstructions: Ammonia s standard is depsndenton pH and taop ura. Usa the following tablato determine if a datection[imit of
1 mgL is sufficiant or if a low level detection limit must be raquasted. Circls valueon table. If a lower detection limit isneedad then
add “low lavel ammonia” onthe chain of custodyin the comments saction.

[J Lower detection limit not needed (standard above 1 mg/L)
[] Requested lower detactionlimit (standard below 1 mgL). Addedrequestto chain of custody.

Site Code ‘ Date ‘ ‘ Sample Time
rH Temperature, °C
Site Name ‘ Field Crew o 16 18 20 22 =] 26 28 30
6.3 5.33 4.68 412 3.62 3.18 280 4
6.6 Y Py 2 . = =
1.2 FIELDDATA 67 586 4 0 0 7
E. coli CFU TDS e ot mgL " - : : -
Air Temp. °C Sp Cond. pS/em 0 - 5.37 72 : 2.8 :
7.1 515 3 2.7
Water Temp. °C pH sU 72 5 450 2 25 o
— . - . —
D.O. mg/L Turbidity NTU = - - — - - —
DO R = . S
1.6 2 2 2 7 47
1.3 FIELD CALIBRATIONS L = - e . - -
1.8 54 2 9 s 7
% D.0. Barometric Pressure in mm Hg= ‘ Post-cal. Reading = % = B = e - E
Turbidity | Standard = ‘ Standard solution reading = % Diff = = . : - :
8.1 2
82 7 4
1.4 SAMPLE COLLECTION INFORMATION B3
84
O Grab | [0 EqualWidth Incremert (EWT) | [ Modified EWI [ EqualDischarge Increment s
f;{‘:; where grab sample LEW-— % % REW ‘ Run [, Riffle, [, Pool [ T
8.7
1.5 QUALITY CONTROL SAMPLE INFORMATION &g
Type of QC Sample (ie blank, dup, etc) | Your Identifying Code Lab Tracking Number :i = —— —— — -

1.6 FLOAT METHOD DISCHARGE MEASUREMENT

Average Time

Width, ft X Depth, ft X Velocity, ft/'s X 08y = cfs

Pagel of 6

FIGURE 2.1. Field data sheet for ambient stream monitoring.
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S r S R U —— 3
WGFEILDEFORRL EEVIZED VUECEMEEE. LU13 & TV i e i r T e T

Q — AMEIENT §

1.8 SITE OBSERVATIONS (CHECK ALL THAT APPLY UNLESS INDICATED OTHERWISE) 1 10 EYE\IS — '
General appearance in the chamel | No refuse visible [1; Smallrefuse visible [ Small vohume refuse - — 2 —
common[]: Large vohume refuse (tires, carts) rare [; Large volume THIS TAELE INCLUDES FIELD RELATED EVENT CODES YOU WILL ENTER. INTO THE WQDE. CHECKE THE EOX NEXT
refuse cormmon L. ’ ’ TO ALL APPLICAELE EVENTS. USE THE EVENT FLAGS (F1, F2, ETC.) IF YOU WANT TO INCLUDE A COMMENT FOR. A
General appearance along the No refuse visible D Smallrefuse visible [0 Small volume refuse PARTICULAR ITEM THAT YOU CIRCLED. INCLUDE FLAG COMMENTS IN -SPACE. PROVIDED BELOW. ITIS VERY
banks common[]; Large volume refuse (tires, carts) rare : Large volume BRIl ] AT I B L L R B e
refuse commen []. . o i )
Water Clarity Clear []; Milkky L]; Light brown [J; Dazkbrown [, Olly sheen[; =FiLL ouT EVERY TIME. YOU MUST FLAG AND EXPLAIN IF THESE ARE NOT CHECKED.
Greenish []: Other Check | Description Flag
Waterodor None [J; Sewage []; Chlorine []; Fishy []; Rottenegg=[1; Ll * Baseflow Conditions
Other O * General — Precipitation atsample time.
Appearance at wate’s edge No evidence ofsalt crusts []; White crusty deposits rare []; Numerous Nome [; Light []; Moderate []; Heavy []; Cloud Cover (%)=
(check one) white crusty deposits []: Banks coverad with white crusty deposits [ O * Weather — Significant rain during past 48 hours may affect results
Fish presence (check one) Absent []: Rare []: Common[]. Flow —Low D.0. / high pH attributedto ponding or evaporation of stream
Crayfishpresence Absent []; Rare [1; Common[]. O Flow — Stream drv at time o fvisit
Sunfish presence Ahsent []; Rare []; Common[]. Flow — Evidence ofrecent flooding,
Bull frog presence Not Observed [; Observed [ O Fresh debrisline in channel [], Grasses Laid Over []; Fresh debris line in bushes/trees [];
Leopard frogpresence Not Observed [J: Number observed alive -Dead Fecent flood E'\'emgeaterﬂlanbaseﬁowbutlessﬂlanbankFu]l|:|_: Ripanan vegetation
Floatingleaves or other organic - scoured away []; *Flood Width meters.
matter (not algae) (check allthat | Abzent [; Rare [; Common[T. L Flow —Flood eventin progress at time of visit
apply) L Groundwater— DO value attributed to groundwater upwelling
Leaves or other organic matter on X X [l Flow — Measurement from USGS gauge/records or 3" party
streambed . Absent [] ; Rare = ; Common 0. O Flow — Low flow conditions
% Algae coverin the wetted L] Flow —No active flow, pools or ponded water only
TR streamlOmete.Is o L] Flow —Flood> Bankfull ocourred recently orin the past season
;31?‘;& and}‘ti;l.:w sam;?leglomt el ] Fire (recent)in the watershedis affecting the study reach
acro s coverinthe - - -
wetLedwiELh ofthe stream 10m O Spring(s) influencing samples
above and below sample point o |;| Weather conditions may affect samples
B L] Algal bloom
1.0 E. cOLI L] Fish kill observed
Collection Time ‘ ‘ Incubation Tirme Enumeration Time = Fish kil attributedto lowDO, high pH or algaltoxicity
Ll Indicationof algal toxicity
Reagent Used? [l Coliliert 18 (ncubation time =18 to 22 hours) [ Macrophytes — Abundant macrophvtes
[Clcolilert (incubation time =24 to 28 hours) O Waterforl— Abundant waterfowl
Flag (Incubation/Holding Time Exceeded?) | [ S0P —Deviation(s) from standard op erating procedures (indicate in “Field Notes™)
Holding tims is & hours from collection. Incubstion Peried is 18 hours for Colilert technigue ; Equipment problems assodated with visit (data associated with the equipmernt not entered)
COLILERT RESULTS - L Incomplete sampling event — Missing parameter(s) orreporns
Regular/ Duplicate/ | Number Large Wells | Number Small Wells | Most Probable = oc Et:i;arzleiﬁj:.t:lfztss_oiei:::ii&a:mt ers only
il Positive Positive Ll oo il L[] QA/QC or duplicate sample collected at time of visit
Flagl
Flagl
Flag3

-]

orm Linecked

FIGURE 2.1. Field data sheet for ambient stream monitoring.
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T S S 7 ——

| ADELD — AMBIENT 2
ATYE

ADEQ 1.12 FIELDNOTES

1.11 FLOW MEASUREMENTS NOTE ANY DEVIATIONS FROM STANDARD OPERATING PROCEDURES, CHANGE IN SAMPLE LOCATION, CHANGE IN
FLOW CONDITIONS, FLAGGED OR QUALIFIED INFORMATION, NON-POINT SOURCE ACTIVITIES, EXCESS SEDIMENT,
Measurement fromBun [, Biffle, [, Pool [; Comments: AND ANY OTHEF. USEFUL INFORMATION REGARDING DATA COLLECTED AT THIS SITE.

Station | Distance from Depth, ft Velocity, ft/s Comments
Imitial Point

(=]

[

(=3

Attach separate sheet or the “Discharge™ Excel spreadsheet to caleulate discharge.

rorm Lnecked
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2.1.1 FILLING OUT DATA SHEETS
The purpose of field data sheets is to document field data, how water samples were collected and
other important observations. It is essential that staff write legibly and document information in

such a way to enable future samplers and possibly the public to understand the observations and
measurements collected in the field (FIGURE 2.2).

other than the one who filled out the form) check over the form before leaving the

@ An important quality control check is to have the second field person (i.e. a person

site.

2.1.1.1 Instructions for filling out Reach Observations on the Ambient Stream Form

Narrative observations about
the general stream condition
can be helpful in diagnosing
potential problems. The
observations consist  of
general appearance of the
stream reach and stream
bank, water appearance and
odor, presence of fish,
especially sunfish and crayfish
as  well as  hydrological
information about flood or
drought evidence, flow regime
and water source (FIGURE
2.3). Biotic interactions by
exotic species such as crayfish
and sunfish are an important
source of impairment of the

macroinvertebrate community.

REVISED MARCH 2015

Hydrological information is important for identifying flood or
drought impacts, and ensuring that the stream is perennial prior to macroinvertebrate sample
collection.

26



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

REACH OBSERVATIONS (CHECK ALL THAT APPLY UNLESS INDICATED OTHERWISE)

General appearance in the channel

No refuse visible [_]; Small refuse visible [ ]; Small volume refuse
common [_]; Large volume refuse (tires, carts) rare [ ]; Large volume
refuse common [_].

General appearance along the
banks

No refuse visible [ |; Small refuse visible [ ]; Small volume refuse
common [_]; Large volume refuse (tires, carts) rare []; Large volume
refuse common [ ].

Water Clarity Clear [_]; Milky [_[; Light brown [_]; Dark brown [_], Qily sheen[ |;
Greenish [ ]; Other
Water odor None |_|; Sewage |_|; Chlorine |_|; Fishy [_]; Rotten eggs ||

Other

Appearance at water’s edge

No evidence of salt crusts [_]; White crusty deposits rare [ |: Numerous

{(check one) white crusty deposits [_]; Banks covered with white crusty deposits [ ].
Fish presence (check one) Not Observed [_]; Observed [ ]
Crayfish presence Not Observed [_]; Observed []
Sunfish presence Not Observed [ |; Observed [ ]
Bull frog presence Not Observed [_]; Observed []

Leopard frog presence

Not Observed [ |; Number observed alive s Dead

Floating leaves or other organic
matter (not algae) (check all that

apply)

Absent [ ]; Rare [ ]; Common[_].

Leaves or other organic matter on
streambed

Absent [ ]; Rare [ ]: Common[_].

% Algae cover 10 meters above
and below sample point

%o

% Macrophytes cover 10 meters
above and below sample point

%%

FIGURE 2.3. Reach Observations on the Ambient Stream Monitoring Field Form.

Procedure for Filling Out Reach Observations

The observations take place 10 meters upstream and downstream
of the sample point (FIGURE 2.4). Some observations are
restricted to the wetted width of the stream and some involve

looking at the banks.

o % Algae refers to filamentous algae (not diatoms) and
consists of green and blue-green algae that can form small
tufts to large beards attached to substrates or are floating
at or near the stream surface. This visual estimate is only
within the wetted width of the stream.

o % Macrophytes refers to aquatic vascular plants. Do not
count the plants that are found along the edge of water.
Estimate the percent of the wetted width of the stream
that is covered by the macrophytes 10 meters upstream
and downstream of the sample point.

10 Meters

® Sample Point

Percent cover is 10 Meters

visually estimated and is generally a low number unless

there is nutrient enrichment.
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stream. Look 10 meters up and
downstream of the sample point
to fill out the reach observations.

Plan view of a
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2.1.2  PHOTO MONITORING

Photos are taken at each visit to a sampling site. Based on the desired objectives, the photo should
provide a representative view of that site. Ideally, the photo should be taken at a fixed point of
reference to enable comparison of photos over time.

Be sure the time and date on the camera are correct. Matching the time and date of
the photo with your sampling event is the easiest way to keep track of where each
photo was taken.
For streams, the minimum number of photos is two: looking upstream from below the sample
point and looking downstream from above the sample point.

For lakes, photos should be taken to support any observations, ideally with some recognizable
landmark in the background.

Taking additional photos is encouraged. Document the sampling event, any changes from the last
visit, outgrowths of filamentous algae on the stream bed, channel obstructions, man-made channel
alterations or disturbances, floodplain debris, trash, sediment deposition features, point bars, bank
erosion, head cuts, streambed particles, riparian community, wetlands community, bank particle
composition, etc. The objective is to fully document the condition of the site and photos are ideal
for this purpose.

Photos should be taken to include the sample point with a person framed within the photo to
show scale. If the stream channel has been altered since the last site visit, additional photos should
be taken. Site alteration may include recent flood evidence, channel scour, sediment deposition,
construction or man-made alterations in the floodplain or channel, or other biological or
ecological changes that warrant documentation. All photos taken at a site should have the
description of the photo (e.g. looking upstream, looking downstream, dam site).

2.1.2.1 Labeling Photos
Each photo should be labeled with the following information.

o Site ID
. The date the photo was taken
. Description (e.g. looking downstream, erosion along right bank, cottonwood-willow

community), and
. Any applicable notes.

Photos should be placed into the respective site file (see Section 10.7 for site file organization).

2.1.2.2 Digital Photos

Representative digital photos should be downloaded to S:\common\photos\water. Create a new
site folder on the “S” drive using the site ID, if a site folder does not yet exist. LCCOY002.34 and
SRROOQO-A are examples of a correctly formatted site IDs. Do not add any extra spaces. File names
should be in a yyyymmdd format followed by a one word photo description (ex. 20070930up). Be
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selective with as to how many photos you add to the "s" drive. It is helpful to have multiple

seasons and multiple years. Do not include 20 different pictures of the same sampling event.
Extra pictures should be stored on your hard drive.

2.2  EQUIPMENT AND PERSONNEL DECONTAMINATION PROCEDURES

The purpose of this procedure is to provide a description of methods for preventing or reducing
cross-contamination and a description of methods that will protect the health and safety of site
personnel.

2.2.1 FIELD EQUIPMENT DECONTAMINATION

All reusable sampling equipment should be properly cleaned before going into the field. When
sampling and field activities are completed, sampling equipment should be decontaminated before
leaving the site. This should be done at every site. The purpose of the field decontamination
procedures is to remove any impurities that might bias the analytical results or potentially spread
invasive organisms.

1. Remove any large debris from the equipment being cleaned (such as mud on boots).
Rinse any personal gear (waders, boots, etc.) that has come into contact with the water
being sampled with quaternary ammonia.

3. See Section 2.3.5.3.2 for boat decontamination procedures.

4. Rinse any equipment that has come into contact with the water with quaternary ammonia.
Probes and sensitive equipment are not generally rinsed with quaternary ammonia but
should be rinsed with clean water and wiped down.

5. Take advantage of the sun to dry/decontaminate equipment between sites.

6. Additional care should be taken for sites with known invasive or sensitive species.

2.3 SAFETY PROCEDURES

Personal safety of staff engaged in any field work activity takes is the most important part of any
trip into the field. Staff should never place themselves in dangerous or risky situations. Any
hazards that are known by field personnel should be communicated to other members of the field
crew.

Field work should be postponed if there is indication that engagement in the field activity could
cause bodily harm other than the normal risks associated with field work. All field work has some
risk associated with it such as driving, hiking on uneven surfaces, wading in streams or working
with chemicals while wearing appropriate personal protective gear. This is normal risk. Working
during lightening storms, at night, during flash flood conditions, or during snowy weather is not
considered "normal risk". If any member of the field crew is uncomfortable with a reasonable self-
determined hazardous field condition, it is that person’s responsibility to bring this to the
attention of the project lead and that person is not required to complete the work assignment. A
“reasonable self-determined hazardous field condition” is defined as other than normal risk. The
project lead shall not dismiss any person’s concerns that field conditions are too hazardous to
complete the work assignment.
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2.3.1 FIELD TRIP ROUTING AND TELEPHONE CHECK-IN PROCEDURE
Before any field trip is conducted, a Routing Form (FIGURE 2.5) must be completed. Copies
shall be given to other staff members assisting on the trip and to the contact person.

Routing Form

Instructions: (1) Click File— Make a Copy. (2) Name it in this format [yyyymmddd Lead Name]. (3) Update
routing form info below. (4) Copy the web address and paste into the Check-In Spreadsheet

License# [Insert] Year [Insert] Make [Insert] Color [Inser]
# | Employee on Trip Emergency Contact Home Phone Work Phone
1 | [Insert] [Insert] [Insert] [Inseri]
2
3
4
Daily Check in With | [Insert] Work Phone [Insert] Hor M Phone | [Insert]
Trip Lead [Insert] Mobile [Insert] Date Prepared | [Insert]
1. Date: [Insert] Site: [Insert]
[Insert Itinerary]
Check-In Time: [Insert] Lodging: [Insert] Lodging Phone: [Insert]
2. Date: [Insert] Site: [Inser]

[Insert ltinerary]

Check-In Time: [Insert] Lodging: [Insert] Lodging Phone: [Insert]

FIGURE 2.5. Routing Form

2.3.2  SAFETY GUIDELINES
Safety guidelines are divided into general, streams and lake safety.

2.3.2.1 General Site Safety

The following guidelines apply to all field work by staff employed in the Surface Water Section.

No sample or measurement is worth the risk of injury.

Field sampling crews should consist of at least two members unless otherwise approved by
the supervisor.

Be conscious of the whereabouts of rattlesnakes, mountain lions, and other dangerous
animals.

Wear hiking shoes that fit well and use sun screen regularly.

REVISED MARCH 2015 30



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

Open body wounds are entry sites for infection; take the necessary precautions for self
protection.

If there is storm activity in the work area, wait for safer conditions to develop or postpone
the work assignment.

Do not sample at night without approval from the supervisor. If night sampling is
approved see Section 2.3.4.

Do not trespass on private property, Indian reservations, or
posted restricted public lands without prior permission and
written approval from property owner or administrator.

If strange or suspicious looking people are in the work area,
either wait for them to leave or postpone the work to a later
time. Do not force confrontations with strangers and back
away from imposed confrontations.

Take the necessary precautions against exposure to harmful
weather conditions (e.g. heat, cold, snow, wind). FIGURE 2.6. Pay attention to
Wear appropriate hiking shoes and apply sunscreen. and respect signs.  They are
The project lead is responsible for providing water at the work there for a reason.

site for drinking and washing. However, it is each person’s responsibility to provide
enough drinking water for their own use on any work assignment. Do not rely upon
others for water needs. Recommended amounts of water for summer work is two gallons
per person in the field vehicle and at least one quart per person away from the vehicle.

It is each person’s responsibility to wear proper clothing for the type of work to be
performed and the expected weather conditions at the work site.

Carefully evaluate a given on-site situation to determine if the task can be performed safely.
Consider potential hazards to avoid and prepare for worst-case scenarios.

Always look for escape routes in case of flash floods.

Always respect the on-site opinions of co-workers regarding safety issues.

Use a personal flotation device when working around swift or deep waters.

Consider bringing a weather radio to get the latest weather information.

2.3.2.2 Stream Site Safety

Wear protective foot wear when entering streams.

Do not enter the stream if the water is flowing too fast.

o Walking in streams and along stream banks are slip-and-fall conditions and it is the
observer’s responsibility to take appropriate precautions against sustaining personal
injury.

When fording a stream with a vehicle, the following requirements are necessary for

evaluating a safe passage;

o The depth and velocity of the water at the crossing,

o The vehicle limitations, and adequate experience and driving skills of the operator.

o Consider what the depth of water under worst conditions could be if a return
crossing is necessary.

o Use extreme caution when entering water deeper than the truck’s axle or where the

water is higher than the bottom of the truck.
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o Chest straps or wader belts should be worn around chest waders to prevent possible
overtopping of waders. Don’t panic if waders do overtop. You can still swim in waders.

2.3.2.3 Lake Site Safety
A safe trip will depend on bringing all the necessary equipment (see Appendix A) and good
communication between team members, especially when launching or trailering the boat.

A “safety meeting” should be held before going out on the lake. The trip lead should briefly
describe the weather conditions expected for the day and provide the crew with information about
the day’s objectives and safety considerations (ex. drive slowly at the north end of the lake because
it’s shallow). Make sure everyone knows where the first aid kit or other safety equipment is
located. A life jacket is required on-board for each person. Give the crew a chance to ask
questions or bring up any other concerns

Slipping hazards can be avoided by wearing a shoe with a gripping sole (don’t wear flip flops).

2.3.2.4 Fish Backpack Electroshocking Safety

Electrofishing can be dangerous. At least two people have died and over 400 people have been
injured during electrofishing operations in the United States in the last 20 years. There are three
serious safety concerns about electrofishing activities: 1) drowning; 2) electrocution; and 3)

personal injury. The use of personal protective gear can significantly reduce chances of injury.

The following guidelines must be followed by staff collecting fish using the backpack
electroshocker.

1. Before beginning sampling, all electroshocking must be checked to ensure it is good
working order (no frayed or exposed wires, loose components)

2. All electrofishing gear must receive regular maintenance and inspection.

3. Staff must receive the minimal training in Section 2.3.3.

4. Gloves must be worn by all participants during all electrofishing operations. All gloves
must be rubber or PVC, dry in side and free of leaks. Extra gloves should be available.

5. Boots and Waders. All personnel involved in all electrofishing operations will wear hip
boots or chest high waders.

6. The use of personal floatation devices in stream shocking operations will be at the
discretion of the crew leader and staff.

7. Eye protection. The wearing of polarized lens glasses is recommended to increase visibility
and improve the efficiency of fish capture.

8. First Aid Kit. A full first aid kit will be available and location communicated to all staff.

9. No one should reach into the water at any time during electroshocking.

10.  The lead is responsible for providing clear instructions for alerting the operator of the

shocker to shut off the shocker in the event of a staff member falling into the water.
2.3.3 SAFETY TRAINING

The following training/monitoring are required for all monitoring personnel.
1. First aid (renew every two years)
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A

2.3.5

ADEQ currently uses a pontoon boat, an aluminum
boat and a raft to complete lake work.

The pontoon boat’s gas tank holds approximately 20
gallons and needs to be filled with unleaded gas 87
octane or higher quality. The pontoon is started
with a key ignition (FIGURE 2.7).

The aluminum boat has a gas tank on board. Re-fill
it as necessary with high-performance unleaded gas.
Prep the motor with the hand pump and make sure
the motor is set to “start” on the throttle. Pull the
cord (like a lawnmower) several times to get the
motor started.

Life vests are legally required to be on-board for each
passenger. The crew should have taken the 8-hour
Boating Safety course provided by the Coast Guard
in order to become familiar with proper boating
procedures.

Wilderness First Aid (renew every two years)

Boat safety (Lakes personnel; 1 time only)

CPR (renew every two years)

Electroshocking (applies to all staff who collect fish with the backpack shocker)

STORMWATER NIGHTTIME SAMPLING FIELD SAFETY GUIDELINES

All daytime safety guidelines apply to nighttime sampling. Additional guidelines for
nighttime sampling are listed.

Participation in nighttime stormwater sampling is voluntary.

Fording a stream at night under stormy conditions is dangerous and extreme caution
should be exercised when doing so.

Wear a personal flotation device when entering a stream.

Use a headlamp.

Do not hike more than 500-feet from the field vehicle.

Take either a satellite phone or cell phone. A cell phone is sufficient if excellent cell phone
coverage is available at the site. If cell phone coverage is insufficient, a satellite phone is
required.

Call or leave a message with the supervisor before leaving after normal work hours and call-
in no later than 0900 hours by the next day.

For sites considered too hazardous to sample at night, reevaluate those sites the next
morning before proceeding to take samples.

Use a weather radio to get the latest weather information.

BOAT SAFETY

FIGURE 2.7. Backing the pontoon into the lake.
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2.3.5.1 Pre-trip checklist

Bring boat license aboard

Remove cover, fold up and store under console

Visually inspect for obvious damage on boat and trailer including breaks, cracks, loose
bolts

Bearings are greased

Motor mountings are secure

Rails are secured to the frame

No oil leaks

Check power on battery, navigation lights and horn

Check that power steering fluid level is full

Tires (including spare) have no cracks or wear and have adequate pressure

Tie-downs on bow (hand crank) and stern (straps) are not worn and are secure

Motor oil levels are adequate (dipstick is accessed by removing the hard plastic cover over
the motor)

Fuel level is adequate (considering trip duration and access to gasoline)

Safety chains and electrical adaptor are connected

Hitch is secured with cotter pin

Test electrical for signals, brake lights, and taillights

Remove tire chocks

As you are pulling away from the parking space listen for any strange noises coming from
the trailer

2.3.5.2 Launching the boat

Disconnect stern straps and unhook bow clip on crank

Disconnect trailer lights from truck electrical power point (otherwise it will blow a
fuse)

Turn on batteries

Load the boat with equipment

Set up the bimini cover if necessary

Communicate with others about where the person who is responsible for parking the truck
and trailer will be picked up

Check the boat ramp for hazards (swimmers, debris, parked vehicles, etc.)

Slowly back boat into the water until you see the stern float

Start boat and slowly back off the trailer

Let the boat warm up a couple minutes before idling out of no wake zone (get away from
the ramp and do not impede boat traffic at ramp)

2.3.5.3 Returning from a trip

2.3.5.3.1 Putting the boat back on the trailer
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o Assist the driver of the truck in backing into the water but don’t let him/her immerse the
tailpipe

o Observe the water depth and raise the motor if necessary (without taking the intake out of
the water)

° Slowly drive the boat back up onto the trailer rails

° Hook up bow clip, crank tight, and put in lock position

. Drive boat out of water. While still on the ramp, remove plugs from pontoons and drain

out water if necessary. Replace plugs after pontoons drain.

Pull boat up to parking lot

Replace stern straps

Turn off the batteries

Reconnect electrical trailer/vehicle connections

Remove anything from boat deck that is not secure for highway travel

Take out key and store it with you in truck

2.3.5.3.2 Returning equipment and decontamination

Return all equipment to its previous location. Clean field equipment as needed. If any
work/maintenance is needed on the boat, log it in the logbook and work with the lab coordinator
to get the necessary supplies or repairs.

De-contamination prevents the spread of invasive aquatic plants and animals. After every trip,
remove any aquatic plants from the anchors, boat and trailer.

Decontaminate the boat after each trip. To decontaminate, spray the boat and trailer with
quaternary ammonia (recommended by Game and Fish as of February 2008) or with a 10% bleach
solution or use the decontamination method prescribed by Game and Fish. Be sure to
decontaminate any surfaces that were in the water including the trailer, the hull, anchors, anchor
ropes and other equipment.

Before leaving the boat parked, turn off batteries, cover the boat and place tire chocks so that the
boat cannot roll forward or backward.

2.3.6 DBORDER SAFETY

The following procedures are to be followed when working in remote areas located within 20 miles
of the Mexican Border. Increased border activity has resulted in more frequent encounters, thefts,
break-ins, and resource destruction. Encounters with illegal immigrants and drug smugglers are
potentially dangerous and special precautions need to be taken to ensure employee safety. Projects
that are located near populated areas (within city limits) may follow modified border safety
procedures but prior approval will be needed from the Section Manager.

The following requirements are necessary for any employee to work near the border.

2.3.6.1 Physical abilities:
o Able to hike over rugged terrain and caring 30lbs; and
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o Have no physical limitations that would prevent prolonged exposure to inclement weather.

2.3.6.2 Training:

° First Aid and CPR;

° Wilderness First Aid;

° Familiarity with USFS Border Safety Documents; and
° Review Border Safety DVD.

2.3.6.3 Pre-trip Activities

Prior to starting fieldwork (the day before or on the way, as time permits) the project manager
should contact the local Border Patrol Station, USFS District Office, and/or County Sheriff to
determine if the area where fieldwork is being conducted is experiencing any activity that is out of
the ordinary or is overtly dangerous at the moment and to inform them of our plans, see Appendix
K for a list of local agency contacts. You should provide the local agencies with a description of the

vehicle, number of people working in the field, along with the location and duration of the field
activities. If the project manager receives information that the area should not be entered then the
trip will need to be rescheduled.

The routine ADEQ contact evening check-in policy is not adequate for fieldwork near the border.
The project manager, in consultation with their Unit Manager, will determine the appropriate call-
in interval for the project. It is recommended that for work in remote areas that an initial call-in
should be made as the field crew enters the area and then every 1-2 hours (maximum, but
dependent on field conditions) while in the area followed by a check-out call as they leave the area.
It is the responsibility of the project manager to ensure that the call-in schedule is followed. If
there are multiple teams involved in the sampling effort each team must have and follow a call-in
schedule. The designated ADEQ contact must be available by phone for the entire period that
employees are in the field, the ADEQ should provide work, home, and cell phone numbers.
There will a 30 minute maximum grace period for the field team to call in before the ADEQ
contact will begin trying to contact the employees in the field, if after another 30 minutes no
contact is made, the ADEQ contact will inform the local agencies of the situation and ask for
assistance. For example if the call-in time is 1300 and no message is received by 1330 the ADEQ
contact will begin calling all of the available numbers (ADEQ and personal) on the routing form, if
by 1400 no contact is made the ADEQ contact will then call the local contacts to seek assistance.

It is imperative that both the project manager and ADEQ contact follow the call-in procedures
outlined to ensure that help is sent when necessary but also that false alarms do not happen.

2.3.6.4 Develop Routing Form
See Section 2.3.1 for additional information regarding routing forms.

o Know the area and your route- ensure you have accurate maps;

o If you are sampling established sites include directions to sites and include the latitude and
longitude (include datum), if conducting recon provide a description of the area you will
be working in (specify area on a map);

o Include specific check-in/check-out procedures;
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° Include local contacts (county sheriff, USFS, Border Patrol, and other active agencies in
the area) on the routing form- each field person must have a copy along with the ADEQ
contact;

o Do not alter your route/timing until you have informed the ADEQ contact of the change
in plans;

o Include all phone numbers that will be taken in the field- ADEQ satellite and cell phones

along with employee personal cell phone numbers;

2.3.6.5 Field Activities

Once you are in the project area continually assess your surroundings and stay alert- expect the
unexpected. Look for indications of recent activity (voices, foot prints, water bottles, food,
clothing, etc). While conducting fieldwork make your presence known. Talk to coworkers while
working, honk the horn when arriving at a site, blow your safety whistle periodically this will alert
anyone in the area that you are there and cause them to avoid you if that is their intention.

2.3.6.6 Infield safety protocols-
° Review the project Health and Safety Plan and routing form details with all coworkers
before arriving at first site;

° Follow call-in protocols;

Be sure to lock vehicle (doors and shell), take water, phones, and personal items) with you
when leaving vehicle;

Park nose out;

Stay alert;

Avoid confrontation;

If you encounter someone play dumb- ask them if they have seen any water in the stream;
make it clear you are not there looking for them;
. Work in pairs- at no time should employees be alone while conducting fieldwork.

2.3.6.7 Posttrip Activities

Upon completion of field activities and after leaving the area, check-out with the ADEQ contact to
ensure that they know you are no longer in the area thus completing the predetermined call-in
schedule. Any suspicious activity should be reported to the appropriate Border Patrol Station after
leaving the area. The project manager must inform the ADEQ contact when the field crew has
returned the office or hotel for the evening. The project safety procedures should be reviewed by
the project manager after each sampling event and adjusted as warranted.

2.3.6.8 Additional safety precautions that may be taken:

o Deploy bilingual signs (on automated equipment, placed in stream when working, etc);
o Provide/learn common Spanish phrases (cheat sheet style);
o Determine if any local agencies will loan out a radio to ADEQ when in the area for

emergency use only;

° Most illegal crossers want to avoid contact or confrontation, diffuse any situation by being
non confrontational (back away from encounters, raise hands, etc);

o Stay together, no solo wonderings;
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o Do not attempt to render aid to unknown persons (it may be a decoy/ploy) to get you out
of the vehicle. Call for aid after leaving the area;

o If you fell uncomfortable about the situation or something just does not seem right- leave;

° Ask local agency for an escort;

o Avoid handling trash and unknown substances.
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CHAPTER 3  CHEMISTRY PROCEDURES

I . N N NN NN NGNNNhO N . N NN NN N N S NN N N hhhhhhhhhhh—————————————————————————
This chapter describes how to collect chemistry data for lakes and streams. The chapter begins
with field measurements and then goes over how to collect water samples in streams and lakes that
will be sent to a laboratory.

3.1 FIELD MEASUREMENTS

3.1.1 DISSOLVED OXYGEN, CONDUCTIVITY, PH, TEMPERATURE, AND DEPTH

The following sections provide general instructions that cover the Insitu, YSI and Hydrolab
multiprobes for lakes and streams. Additional detail regarding such topics as data logging can be
found in the applicable Multimeter manual.

For streams, the stirrer on the Hydrolab should be turned on when flow velocity is less
than 1 ft./sec.

3.1.1.1 Dissolved Oxygen

Dissolved oxygen concentrations fluctuate throughout the day. Concentrations are typically
highest a little after noon and are lowest at night just before dawn. At the sample site, the
dissolved oxygen probe must be calibrated before immersion into a lake or stream. Record all
parameter readings on the field data sheet.

1. Fill the calibration cup with water to below the DO probe (do not cover the membrane
with water).

2. If there is any moisture on the DO membrane, blot it gently with a lint-
free absorbent cloth or tissue such as a chem wipe to remove any water
droplets. Use a material that is non-abrasive.

3. Invert the cap and slide it over the top of the calibration cup, and then
let the unit sit for about 5 minutes to allow the conditions inside the
cup to stabilize. Do not screw the cap back on as this will increase
pressure inside the calibration cup.

4. Determine ambient air pressure.

5. Before calibrating the DO, record the pre-calibration percent saturation
value after the unit has stabilized.
6. Using the calibration menu for % saturation, enter the current air
pressure when prompted.
7. Record the new DO percent saturation reading, which should be at or
near 100%. The percent saturation reading should not drift for about
20 to 30 seconds after the calibration procedure. FIGURE 3.1
8. After calibrating the DO probe, ensure that the cables are securely Proper cap' ’
attached to both the sonde (or minisonde) unit and the read-out unit. position.
9. Attach the probe guard (this is a part of the stirrer unit on the older

sonde units) before placing the unit in the stream or lake to avoid damage to the probes.
10. Place the sonde in the water body.
11.  Allow a few minutes for the meter to stabilize and then record the DO readings.
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3.1.1.2 Depth (Lakes)

For lakes the multiprobe must also be calibrated for depth.

1.
2.

Place the probe in the water at a depth of 10 cm.
Calibrate the depth to 0.1 m.

3.1.1.3 Specific Electrical Conductivity, pH, and Temperature

With stirrer or probe guard attached, allow meter to stabilize and take reading.

3.1.1.4 Insitu Field Instructions

3.1.14.1 View an Individual Reading

1. To view an individual reading, tap the Action icon.

2. Tap View Last Reading.

3. The most recent data in the last ten-second interval appears. Tap the Home icon to return

to the Live Readings screen or tap the Envelope icon to email the data.

3.1.1.4.2 Create a New Site (Optional)

You do not need to create a site to get live readings.

1.
2.

AT

11.

12.

13.

From the Live Readings screen, tap the Sites button.

A list of existing sites appears. If desired site is listed, tap set for the site and skip to step
#11.

Tap the New Site button. The Site Details screen appears.

Tap the Name field. Type the name for the new site and tap Return.

To add a description, tap the Description field. Type a description and tap Return. A
description is optional.

To take a site photo, tap the Camera button, tap the camera icon to take a new photo, tap
the Use button. A site photo is optional.

To select an existing photo, tap the Album button, tap Cameral Roll, tap an existing
photo.

To locate your site with Maps or GPS, tap the GPS button (must have wifi) and your
current location is automatically associated with the site. You can also enter GPS
coordinates, or tap and hold on the map to select a location. Location Services must be
turned on for an accurate location to display on the map. See Settings > Location and
Security.

Tap the Save button.

Tap the Set button next to the site you created. Now you are ready to record data
associated with the selected site.

Tap the Record button on the Live Readings screen to record data. The number on the
stopwatch icon represents how many 10-second data intervals have transpired.

To stop recording, tap Stop. Only one record needed. Transpose data to field sheet or
tablet.

You can email the data or download it to a computer once wifi is available.
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3.1.1.4.3 View and Email Data from the Selected Site (Optional)
After you have recorded data, you can email the data as a CSV file that can be opened with
common spreadsheet software. Make sure the email feature is enabled on the mobile device.

1.
2.
3.

N ok

Tap the Action icon.

Tap View Log List. This shows a list for only the selected site.

To select all logs in the list, tap the ALL/NONE button, or to select individual logs, tap
them separately.

Tap the Envelope icon.

An email form appears with the logs that were selected attached.

Enter an email address in the To: field.

Tap the Send button.

3.1.2 MULTIPROBE PLACEMENT

3.1.2.1 Stream Multiprobe Placement

Place the Multiprobe at the base of a riffle or other areas where the water is moving swiftly

(FIGURE 3.2).

FIGURE 3.2. Field parameter collection in a stream.
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3.1.2.2 Lake Multiprobe Placement / Determining Lake Stratification
See Section 3.4.

3.1.3 TURBIDITY

Precise measurements for very low turbidity samples require optically calibrated
sample vials. Refer to the Hach Turbidity Manual for this procedure.

For the battery voltage check, press the Diagnostic key identified as DIAG. The
number displayed is the battery voltage.

1. It is recommended that the Hach Turbidity meter be
placed on a flat surface for taking measurements. Choose
a Gelex Secondary Reference Standard that has a turbidity
value close to that of the stream or lake (Hach Company,
1993). Thoroughly clean the outer surface of the Gelex
Secondary Reference Standard vial of fingerprints, water
spots, and evaporate by applying a thin coat of silicone oil
and wipe with velvet cloth.

2. Insert the selected Gelex Standard into the instrument cell
compartment with the white triangle on the vial aligned to
the raised orientation mark on the instrument and take
the measurement. The displayed value should be within
5% of the calibration value. If the difference between the
measurement and the Gelex Standard calibration value is
greater than 5%, re-clean and re-oil the Gelex Reference

) FIGURE 3.4. Hach Turbidity
Standard vial, and take another measurement. If the peter.

problem persists, record the values on the Field Data
Sheet together with a description of the problem.

The turbidity value should be rerun if the percent difference is between 5 and 10

percent. Anything greater than 11 percent should not be entered into the database at
all.

% Difference = ((Standard Value - Measured Value)/Standard Value) * 100

3. Rinse an empty sample vial several times with stream water. Fill the vial with stream water,
replace the cap and wipe the outside surface clean and dry with a soft cotton cloth. For
grab samples, the location of the sample should be representative of the entire flow. For
composite samples, go through the rinsing process and take the water from the agitated
churn splitter to ensure complete mixing of the suspended matter.

If there is any delay between when the vial is filled with stream or composite water and
the measurement, invert the vial several times before placing it into the instrument
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3.1.3.1

cell compartment.

Take at least three turbidity readings. This can be accomplished with two methods; by the
meter default or by use of the Signal Average Key. The default setting (Signal Average off)
will internally average three measurements and display the result. The signal averaging
(Signal Average on) mode averages 10 measurements every 1.2 seconds which compensates
for measurement fluctuations caused by the drifting of sample particles through the light
path. After 22 seconds, the average of the 10 measurements is displayed.

Record the displayed reading and measurement type onto the Field Data Sheet.

For very turbid waters, the meter may display a flashing "1,000" value or E-3 error message.
This indicates that the turbidity value is greater than 1,000 NTUs. There are two options
with this condition: 1) perform a dilution, or record the results as >1,000 NTU. Note this
on the field data sheet. Performing the dilution will give a more accurate turbidity value.
Add deionized water to the sample vile when sampling is complete.

Performing a Dilution for Turbidity

3.1.4

It is recommended that a dilution factor (DF) of 10 be used for the turbidity calculation.
The DF is the multiplier for the meter reading. For example, if the operator were to
dispense 9 mL of deionized water into a 10 mL graduated cylinder and 1 mL of sample
water, for a total of 10 mL, the DF is 10 (a ratio of 9:1); therefore, the turbidity value is the
meter reading times 10.

For samples that are extremely turbid, it may be necessary to make more than one dilution
to obtain a meter reading less than 1,000. For multiple dilutions, the procedure is the
same as described above; however, for the second dilution, the 9:1 diluted sample becomes
the sample to be diluted. If this is the case, and a 9:1 dilution is performed a second time,
the DF is 100 (DF of 10 for the first dilution and DF of 10 for the second dilution). The
turbidity value is simply the meter reading times 100.

HACH DR/700 COLORIMETER FOR CHLORINE ANALYSIS

This procedure describes how to measure free and total chlorine with the Hach DR / 700
Colorimeter (Hach Company 1993).

3.14.1

Field Procedure for Measuring Free Available Chlorine

1.

After powering on the instrument, a six digit number, such as 52.05.01, will appear at the
bottom of the display window. This is the number of one of several filter modules that are
factory installed. The filter module number required for the free chlorine analysis is
52.07.1. If a number other than the free chlorine module is displayed, press the up arrow
key, in the edit box, until the correct number appears.

Inspect the sample vials provided with the meter for any discoloration of the glass surface
or any evaporate remaining from the last analysis. The vials should have been thoroughly
washed with a chlorine free detergent and rinsed with deionized water before field use.
Triple rinse the vials with sample water and fill a 25 mL vial with sample. Check sample
acidity with pH paper. pH needs to be between 6 and 7. If pH >7, add one drop of
sulfuric acid solution and measure pH again. Repeat until pH is between 6 and 7.
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4. Pour 10 ml of solution into 2-10 ml vials. Place one vial into the cell holder and press
ZERO (display will count down). Add the contents of one DPD Free Chlorine Powder
Pillow into other vial and shake for 20 seconds. Immediately place vial into cell holder and
press READ. Display will count down then show result. Record result.

5. Next, determine any result interferences. This is done by filling a 25 ml vial with sample.
Next, Check sample acidity with ph paper. pH needs to be between 6 and 7. If pH > 7,
add one drop of sulfuric acid solution and measure pH again. Repeat until pH is between

6 and 7.

6. Add 3 drops of Potassium lodide Solution to 25 ml vial, mix and wait 1 minute. Add 3
drops of Sodium Arsenite and mix.

7. Pour 10 ml of solution into a 10 ml vial. Add the contents of one DPD Free Chlorine

Powder Pillow into vial and shake for 20 seconds. Immediately place vial into cell holder
and press READ. Display will count down then show result. Record result. Subtract this
result from original result (obtained in #4) to obtain the accurate chlorine result.

3.1.4.2 Field Procedure for Measuring Total Chlorine
Follow the procedures for measuring Free Chlorine above except use the Total Chlorine Powder
Pillows and wait 3 minutes before placing the vial into the cell holder.

3.1.5 AIR TEMPERATURE

A variety of thermometers are used to collect air temperature readings.
When taking a reading do not place the thermometer in direct sunlight and
avoid letting the probe come in contact with the ground. Figure3.5. Thermometer.

3.2 COLLECTING WATER CHEMISTRY SAMPLES

3.2.1 GENERAL INFORMATION

3.2.1.1 Sampling Order

The order of sample collection, processing, and preservation for specific analytes should be
determined before beginning field work and adhered to consistently. TABLE 3.1 describes the
order of sample collection (USGS Field Manual, 2004).

Order Parameter

1 Organic compounds. Do not field rinse bottles.

2 Total, dissolved, and suspended organic carbon

3 Inorganic constituents, nutrients, radiochemicals, isotopes: Collect raw samples first,

followed by filtered samples. (Field rinse each bottle, as required.)

a. Trace metals.

b. Separate-treatment constituents (such as mercury, arsenic, selenium) and
major cations.

c. Major anions, alkalinity, and nutrients. Chill nutrients immediately.

d. Radiochemicals and isotopes.

4 Microorganisms
TABLE 3.1. Sampling order for surface water samples.
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For composite samples, Suspended Sediment Concentration should be collected from
the churn splitter first.

3.2.1.2 Sample Bottle Labeling

Each water sample bottle must be labeled with a site code, a site location description, sample
collection time and date, analysis, the initials of the observer collecting the water sample, and the
agency name. Label the bottle with the appropriate acid sticker if preservative is added. Use a
black or blue permanent marking pen, such as a Sharpie or other similar product, to label dry
bottles. Handwriting must be precise and legible. Bottles are labeled in the order presented below

(FIGURE 3.6). Use clear tape to affix the label.

It is important that the bottle label information matches the information on the Chain
of Custody exactly. If an abbreviation is used on the bottle then use the same
abbreviation on the Chain of Custody.

Sample site identification code
A sample site is given a code based on the water basin, name of the stream or lake, and the river
miles or lake monitoring site. Each code is unique for a given sample site. Section 10.5.1 explains

how sites are named.

Site location description (optional, except when a site code has not been assigned)

This is a brief generalized description that attempts to convey the location of the sampling point.
The description will normally reference a permanent physical feature of some type. An example of
this would be “Spring Creek below confluence with Dry Creek,” or “Cienega Creek above Marsh
Station Road Bridge.” If a permanent physical feature is unavailable, the description may be as

non-specific as “Trout Creek near Wikieup.” Avoid using descriptions that are similar to other site
descriptions.

Sample collection time and date
Mark sample bottles with the collection time and date that appears on the field data sheet.

Collection times are reported in military time (e.g., 2:30 p.m. = 1430 hours).

Agency name
The placement of the agency name on the bottle informs the receiving lab of the billing entity. If

samples have been collected and submitted for another agency or program that has interest in the

sample site, label the bottle as “ADEQ for AGFD (or TMDL, etc.).”

Analysis
Indicate what type of analysis the lab should run (ex. Total metals, nutrients, SSC, dissolved
metals, or inorganics)

Sampler’s initials
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The sampler's initials indicate the person responsible for collecting and submitting the water
sample. Initials of other field personnel may be applied to the bottle.

CLGLR010.53 QC1

Gila River near Total Metals
Dome ADEQ

1430 DM/ LL
04/24/08 Nitric

Total Metals Acid

ADEQ HNO3

DM/ LL

FIGURE 3.6. Properly labeled bottle (left) and a properly labeled QC bottle (right).

Miscellaneous Labeling Requirements

. Water samples that are field filtered must be labeled as “Field
Filtered.” =~ When field filtering cannot be performed because of
filtering equipment malfunctions, label the bottle “To Be Filtered”
and make note on the laboratory submittal form.

o Water samples that are collected for suspended sediment
concentration analysis are labeled prominently as “SSC.”

o Dissolved and total metal samples should be acidified and labeled
with a nitric acid sticker. Nutrient samples should be acidified and
labeled with a sulfuric acid sticker. If problems arise with the acid
preservative labels or there is a possibility of them wearing or falling
off the bottles during transport, mark the bottles as either “sulfuric

acid” or “nitric acid.”

o Quality control samples should not be identified so as not to bias the lab. QC samples
should be labeled as in FIGURE 3.6. Be sure to write on field form exactly how you
identified the QC sample.

3.2.2 COLLECTION BOTTLES

The laboratory will specify the types of collection bottles they would like samples submitted in.
The bottle must have been decontaminated by either the lab supplying the bottle or by ADEQ
personnel. The lab currently uses 500 mL bottles for the dissolved metals, total metals and
nutrients. They use 1 L bottles for SSC and inorganics.
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The number of bottles required per site will be dependent on the parameters being analyzed.
FIGURE 3.7 illustrates a typical bottle set used in ambient stream monitoring.

Suspended Collection Dissolved Total Nutrients Inorganics
Sediment Jar Metals Metals (ex.N & (ex. cations
Concentration P) & anions)

FIGURE 3.7. A typical bottle set for ambient stream monitoring.

FIGURE 3.8. A typical bottle set for ambient lake monitoring.

If the sample plan calls for the analysis of total cyanide, a sample bottle prepared with a solution of
sodium hydroxide is required. When total sulfides are to be analyzed, a sample bottle that has
been prepared with a solution of zinc acetate and sodium hydroxide is required. The laboratory
can supply the preserved bottles upon request.

composed primarily of treated effluent discharges, a sample for biochemical oxygen
demand (BOD) analysis may be required. A BOD sample bottle is typically black
plastic or amber glass with an air-tight cap.

@ When sampling a water body that receives discharges of treated effluent, or is

Bottles containing acids or bases as preservatives must always be handled with care.
Nitrile gloves and eye protection should be worn for safety. Ensure that sample bottle
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caps are tight before transporting. Acid spilt on skin or
clothes must be rinsed and diluted immediately with
clean water. When transporting acid vials or lab
preserved sample bottles, keep them separated by
preservative type. Some sample preservatives can be
chemically incompatible and may react violently when
mixed.

3.2.3 FILTERING DISSOLVED METALS

The analysis of dissolved metals requires filtration of the water
sample prior to preserving the sample with nitric acid. Ideally,
samples should be filtered as soon as possible.

FIGURE 3.9. Groundwater

An unpreserved water sample consists of two analytical components k
sampling capsule

of interest: suspended metals and dissolved metals. Suspended
metals are defined as the portion of a water sample that is unable to pass through a membrane
filter with a 0.45 micrometer pore size. Dissolved metals are those in solution which are able to
pass through the same membrane filter.

ADEQ currently uses peristaltic pumps that
operate from any external 12 volt DC or 120
volt AC power source, thus allowing the
sample to be filtered in either the laboratory or
the field. Typically the pumps are equipped
with easy-load pump heads, but some pumps
may be equipped with the factory supplied
standard pump head design.

The groundwater sampling capsule currently
utilized by ADEQ (FIGURE 3.9) is able to
filter waters with high suspended sediment
concentrations. However, a smaller less
expensive filter is available when filtering water
with low sediment concentration.
Transparent water can usually be filtered with a
smaller filter. All filters should be quality
certified by the supplier. Filters are designed
for a single use and should be disposed of after
each filtration.

Steps to filter a dissolved metal sample FIGURE 3.10.

Filtering set-up. Note the peristaltic
1. Two clean sample bottles are required; pump, tubing, collection bottle, receiving bottle, filter

one in which to collect the water, and and nitrile gloves.
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the second to contain the filtered water. The second bottle should be labeled “Dissolved
Metals.” or "Field Filtered".

2. Place the pump on a hard, flat surface (e.g. a table or the pickup tailgate). Position it such
that the pump head of the mechanism extends over the edge of the stationary surface
(FIGURE 3.10). Remove a section of the clean, pre-cut tubing from the re-sealable plastic
bag. Always handle the tubing near the middle to prevent the tube ends from being
contaminated.

3. Insert the tubing into the pump mechanism such that both ends are hanging loosely, but
not in contact with any surface. Remove the filter from its packaging, taking care to not
contaminate the nipple ends of the capsule. Securely attach the tubing to the filter.

4. Check the pump controls to ensure the flow direction of the pump is congruent with the
flow direction of the capsule filter. Place the end of the tubing without the filter into
either the bottle or the churn splitter.

5. Turn the pump on and allow the filter to fill with water before
filling the sample bottle. Allow about twenty five to fifty
milliliters of the sample to run out of the outflow opening to
flush the filter. Place the outflow end of the tubing into the
open mouth of the pre-labeled filtrate bottle.

6. Triple rinse.

7. Fill bottle and leave some space in the bottle for the addition

of the preservative.
8. After placing the acid-preserved sample into the ice-chest for Figyre 3.11. Acid droppers.
transport, properly dispose of the filter and tubing.

3.2.4 ACIDIFYING OR PRESERVING METAL AND NUTRIENT SAMPLES
Metal and nutrient samples should be preserved as soon as possible (within 15 minutes of
collection). The best way to do this is to take acid vials with you and preserve samples on site.

Botle Amount of Acid

Nutrients Sulfuric Acid 1 vial (2 mL) 40 drops
Total Metals Nitric Acid 1 vial (5 mL) 40 drops
Dissolved Metals Nitric Acid 1 vial (5 mL) 40 drops

TABLE 3.2. List of preservative amounts to add to nutrients, total metals, and dissolved metals.

The analyzing lab will provide acid, usually in a dropper or vial format. Follow their preservation
instructions. TABLE 3.2 indicated the correct preservative and quantity for each type of analysis.
Proper gloves and eye protection should be used before adding acid or filtering. The acid vials that
are currently used are illustrated in FIGURE 3.11.

Prior to adding the preservative, make sure that the bottle is either marked with the type of
preservative used, or has a color-coded label that corresponds with the preservative vial being
added. After adding the preservative vial to the sample bottle, replace the cap on the sample bottle
tightly, and invert the sample bottle several times to mix the sample and preservative.
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have been preserved. Invert the bottle several times to make sure it is well mixed.
Pour a small amount over the test strip. Do not place the strip into the bottle. The
test strip should read a pH of less than 2.

@ pH test strips can be used to identify sample bottles that, for some reason, may not

To dispose of the emptied acid preservation vials place them into separate double-bagged zip-lock
bags. Upon returning to ADEQ headquarters, flush the vials and caps with tap water and place
them in the proper disposal area. Flush the receiving sink of any acid residues with tap water.

3.2.5 COLLECTING FIELD WATER CHEMISTRY QUALITY CONTROL SAMPLES

The Surface Water Section has a Quality Assurance Program Plan (QAPP) that addresses the ‘big
picture’ aspects of quality assurance and control in detail. This section will cover how to collect a
quality control sample, which is just one small part of the Surface Water Sections overall QAPP.
Please refer to the QAPP for additional detail. TABLE 3.3 summarizes the minimum number of
quality control samples should be taken for a given trip. Section 10.6.2 describes the "acceptable
limits" for contamination in blank samples and differences between duplicates or splits.

addresses field quality assurance and quality control. Read the case narrative of the
laboratory report to determine if there was any quality assurance or quality control
problems from the lab.

@ There are a variety of laboratory quality control samples. This manual primarily

3.2.5.1 Quality Control Sampling Frequency

Parameter Field Splits or | Equipment / Churn | Total
Duplicates Blanks

D Metals None 5% 5%
T Metals 5% 5% 10%
Nutrients 5% 5% 10%
Inorganics 5% 5% 10%
Radiochemistry 5% 5% 10%
Bacteria 1 per trip

Clean Metals 1 per trip

Pesticides 5% 5% 10%
Biocriteria 10% None 10%
Fish Tissue 5% 5% 10%
Algae 5% None 5%

TABLE 3.3. Minimum percentages of quality control samples to be collected by parameter.

3.2.5.2 Blanks

Blank samples are a check for cross-contamination during sample collection and shipment, and in
the laboratory. There are three basic types of quality control blanks: trip, field, and
equipment/churn. De-ionized water should be used for metal parameters. Blanks should be
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prepared by the laboratory that supplies the sample containers. The blank should be numbered,

packaged, and sealed in the same manner as other samples in the set.

Field Blank. A field blank is a water sample that travels with the sample set and is opened
and exposed at the sampling point to detect contamination from air exposure. The field
blank, usually deionized water, may be poured into appropriate containers to simulate
actual sampling conditions. Contamination of the sample can be from air exposure during
the collection process and during storage and transport. Procedure: In the laboratory, fill a
clean sample bottle(s) with certified deionized water and transport it to the field. Blanks
are typically done for total metals, inorganics and nutrients, but not for dissolved metals or
suspended sediment concentration. Place the bottle(s) in the processing area (e.g., truck
tail gate) in which the environmental sample(s) are being processed. Open the blank
sample bottle to expose the blank sample to the atmosphere for approximately the same
period of time to which an individual environmental sample(s) is exposed during sample
processing. Store and transport the blank(s) in the same container as the environmental
samples.

Blanks can be placed throughout the field process to determine where unintended
sources of contamination are coming from. For example, you may put a blank before
and after the field filtration step for dissolved metals if you suspected the filter to be
the source of contamination. This process would involve filling the "before sample"
with DI water and capping it. The "after sample" would involve filling the bottle with
DI water and then filtering it into another clean bottle.

Equipment/Churn Blank. A blank sample is collected form the precleaned sampling
equipment in the field prior to collecting the actual field sample. An equipment blank is
used to detect contamination introduced by the sampling equipment either directly or
through improper cleaning. Blank water is used to fill the sampling equipment and then

poured into appropriate containers. Procedure: While working in the sample site area (e.g.,
truck tail gate) in which the environmental sample(s) is being collected and processed, pour
the certified deionized water directly into the precleaned churn sample splitter before
native water has been introduced into the churn splitter. Run some water through the
spigot and fill the sample bottle(s). If a churn splitter is not being used, pour the deionized
water from its container directly into the sample bottle(s). Cap the bottle immediately and
label. Store and transport the blank(s) in the same container as the environmental
samples.

Trip Blank. A trip blank is a water sample that remains with collected samples during
transportation and is analyzed along with field samples to check residual contamination. A
trip blank should not be opened by either the sample collector or sample handlers.
Procedure: Store the trip blank in a container or plastic bag such that the blank bottle is not
exposed to ambient conditions during transport to the sample site. At the sample site,
remove the trip blank from its container and place in the same cooler as the collected
samples during transport to the analyzing laboratory.
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3.2.5.3 Duplicate and Split Samples

A split sample is one sample that is divided equally into two or more sample containers and then
analyzed by different analysts or laboratories. Splits samples are taken from a churn splitter that
has been filled with sub-samples and homogenized. Split samples may be equated to “identical
twins” in that they contain the same chemical composition as each other. Laboratory analyses of
split samples ideally produce identical results.

Duplicate samples are a set of similar samples collected from the same site, at about the same time,
and analyzed in the same manner. Duplicate samples may be equated to “fraternal twins” in that
they originate from one source but each sample may contain a slightly different chemical
composition. Duplicate samples are usually taken when it is not possible to use a churn splitter to
collect sub-samples and produce split samples (i.e., grab samples are collected). Also, some types of
analyses preclude the use of a plastic churn splitter (e.g., volatile organic chemicals). Duplicate and
split samples are typically done for total metals, inorganics and nutrients, but not for dissolved
metals or suspended sediment concentration.

Collection Method

1. Splits are taken from a large sample compositor (churn splitter) that has been filled with
numerous subsamples from the source. A 14-liter churn splitter should be used for split
samples. Duplicates may be grab or composite samples.

2. The composited split sample is thoroughly mixed before withdrawing subsamples into two
distinct chemsets of sample bottles for laboratory analysis.
3. Label appropriately, store and transport the splits in the same container as the

environmental samples.

3.2.6 CHAIN OF CUSTODY AND LABORATORY SAMPLE SUBMITTAL FORMS
ADEQ has contracts with several laboratories for sample analyses. Each has their own set of forms
to use when submitting samples. An example Chain of Custody is included in FIGURE 3.12

3.2.6.1 General Chain of Custody Guidelines

1. As few people as possible should handle the sample. Transfers between staff and to the lab
shall be recorded on the chain of custody.
2. Prior to delivery to the lab, the container holding the samples may be sealed (e.g., evidence

tape) for security especially if the container is shipped for analysis.
3. When the samples transfer possession, both parties involved in the transfer (e.g., sampler
and lab) must sign, date and note the time on the chain of custody record.
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CHAIN OF CUSTODY
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FIGURE 3.12. Example of a Chain of Custody

3.2.7 CLEAN SAMPLING OF NATURAL WATERS FOR TRACE METALS
This Standard Operating Procedure is derived from EPA Method 1669. The original method
should be consulted for additional information regarding trace metal sampling. However, if the
laboratory providing the sampling equipment provides a methodology for clean sampling, this
methodology should be followed. The following clean sampling techniques are a combination of
EPA Method 1669 and the laboratory’s clean sampling methodology.

Trace metals are analyzed for minute concentrations of metals in dissolved waters. The slightest
sample contamination will affect the analytical results. The following information is an overview
of the clean sampling protocol:

Utilizes commercially acid pre-cleaned bottles (high density polyethylene is acceptable) and
filtering equipment
Acid cleaned bottles and filtering equipment must be stored and transported in double

bags

Must follow clean hands/dirty hands procedures (Section 3.2.7.1)
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o Water samples must be field filtered unless they are received by the lab within 48 hours of
collection. Laboratory filtering is acceptable. If field filtered, a deionized water (DIW)
blank and a filter blank are required and all sample handling, filtering, etc. must be
completed inside a clean box.

o A field blank or duplicate sample is required

3.2.7.1 Clean Hands/Dirty Hands Pre-Sampling Precautions

The SOP describes field sampling procedures commonly referred to as "clean hands/dirty hands"
techniques. Upon arrival at the sampling site, one member of the two person sampling team is
designated as "dirty hands" and a second member is designated as "clean hands." All operations
involving contact with the sample bottle and transfer of the sample from the sample collection
device to the sample bottle are handled by the individual designated as clean hands. Dirty hands is
responsible for preparation of the sample (except the sample container itself), operation of any
machinery; e.g., pump, and for all other activities that do not involve direct contact with the
sample.

Personnel may wear an unlined, long sleeved wind suit consisting of pants and jacket and
constructed of nylon or other synthetic fiber to prevent mercury adsorbed onto cotton or other
clothing materials from contaminating samples.

When sampling for mercury on a lake, a fiberglass boat with an electric motor and wooden or
fiberglass oars is preferred. The boat should be washed and stored in an area that minimizes
exposure to dust and atmospheric particles. If an internal combustion engine is required, it
should be shut off at a distance far enough from the sampling point to avoid contamination, then
the sampling team should manually propel the boat to the sampling point.

3.2.7.2 Manual Grab Sampling

All sampling personnel must don clean gloves before commencing sample collection activity. It is
important to minimize the amount of time that the collection container, filtering equipment, and
sample are exposed to ambient air. This is because the analyses can detect trace amounts of metal
and mercury from the air can potentially contaminate the sample. To minimize air borne
contamination, the following clean hands/dirty hands technique is used.

1. Dirty hands opens the cooler or storage container, removes the double bagged sample
bottle from storage, and unzips the outer bag.

2. Clean hands opens the inside bag containing the sample collection bottle, removes the
bottle, and reseals the inside bag. Dirty hands then reseals the outer bag.

3. Clean hands moves to the collection location and submerges the sample bottle underwater

facing upstream and removes the cap allowing the bottle to fill completely. Recap the
bottle underwater (Clean hands must ensure that the sample water does not come into
contact with the air).

4. Dirty hands reopens the outer plastic bag, and clean hands opens the inside bag, places the
bottle inside, and seals the inner bag.
5. Dirty hands seals the outer bag.
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6. If the sample is to be analyzed for dissolved metals, it is filtered in accordance with the
procedure described in Section 3.2.7.5.
7. Record the bottle number or other information on the Field Data Sheets or field notes.

3.2.7.3 Grab Sampling with a Sampling Device
The following details the sampling technique with a suspended grab sampling device; e.g., DH-81
grab sampler or peristaltic pump (Lakes).

All sampling personnel must don clean gloves before commencing sample collection activity. If it
is necessary to attach a bottle to the device in the field, clean hands performs this operation inside
the field portable clean bag or box.

1. Dirty hands remove the sampling device from its storage container and opens the outer
polyethylene bag.
2. Clean hands opens the second polyethylene bag and removes the sampling device. On

those occasions where it may be possible to pre-attach a sample bottle to the sampling
device in the laboratory, then the entire assembly, bottle and device, is handled as the
bottle alone is in the instructions below.

3. Dirty hands open the cooler or storage container, removes the double bagged sample bottle
from storage, and unzips the outer bag.

4, Clean hands open the inside bag containing the sample bottle, removes the bottle, and
reseals the inside bag. Dirty hands then reseals the outer bag.

5. Clean hands change gloves.

6. Dirty hands submerges the sampling device to the desired depth.

7. When the bottle is full, dirty hands removes the sampling device from the water.

8. Dirty hands returns the sampling device to its large inner plastic bag; clean hands pulls the

bottle out of the collar, unscrews the bottle from the sampling device, and caps the bottle.
Clean hands and dirty hands then return the bottle to its double bagged storage. If the
sampling device is to be re-used, it must be decontaminated in accordance with Section

3.2.7.6.

3.2.7.4 Sampling with a Continuous Flow Sampling Device

Before putting on wind suits and/or gloves, the sampling team removes the bags containing the
pump, tubing, batteries, gloves, plastic wrap, wind suits, and, if samples are to be filtered, the
filtration apparatus from the coolers or storage containers in which they are packed. This section
applies primarily to lakes.

All sampling personnel must don clean gloves before commencing sample collection activity.

1. Dirty hands removes the pump from its storage bag, and opens the bag containing the new
tubing.

2. Clean hands installs the tubing while dirty hands holds the pump. Clean hands immerses
the inlet end of the tubing into the sample stream.

3. Both clean hands and dirty hands change gloves.

4. For lakes, place your pumping device (Geopump) on a stable place near the edge of the

boat. Dirty hands stabilize the pump and place tubing between the cogs. Dirty hands
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change gloves and attach a plastic-coated lead weight to the end of the tubing with a zip tie
(approximately 6 inches from the tip). Clean hands lower the tubing off the side of the
boat to the desired depth without touching the edge of the boat. Dirty hands turns the
pump on and allows the pump to run for 5 to 10 minutes or longer to purge the pump and
tubing.

5. If the sample is to be filtered, clean hands installs a new cartridge filter at the end of the
tubing.

a

The sample is collected by rinsing the sample bottle (with the water from the pump) as
dictated by the tier being followed and collecting the sample from the pump. The pump
tubing and the filter are discarded after use.

If sampling for mercury, you will collect total mercury, dissolved mercury and methyl

@ mercury. Fill your Dissolved bottle first, then remove the filter and continue using the
same tubing to collect the Total Hg and Methyl Hg samples. Have the lab filter the
samples if methyl mercury's 48 hour holding time can be met.

collect a sample from depth. After the filter blank is collected place the tubing at the
appropriate depth and purge the line and filter (same filter as used in blank) before
collecting the dissolved mercury sample. After the dissolved sample is collected remove
the filter and collect the total and methyl samples.

@ Filter blanks should be collected just before placing the sampling train in the water to

3.2.7.5 Field Filtering

The sampling procedures described in Sections 3.2.7.2 and 3.2.7.3 are used for samples collected
using manual collection systems which require a separate filtering step. Clean sampling filtering
apparatus and instructions for use are provided with the sampling bottles from the laboratory.
The procedures below are used for sampling with Albion equipment.

If samples are not field filtered then the samples must be shipped to the lab and
filtered within 48 hours of sample collection.

3.2.7.5.1 Processing Field Blank and Dissolved Lead and Copper Samples:

Wearing clean gloves and working inside the clean bag (each site needs a new clean bag):

1. Take the syringe filled with blank water and remove from double bags.

2. Remove the end cap from the syringe and turn the syringe outlet end up. Push plunger to
expel the air and a small amount of water.

3. Install the syringe filter and turn syringe outlet down. Purge approximately 5 mL through
the filter and discard the rinse water.

4. Place the syringe filter flush against the 60 mL bottle rim and apply steady, even pressure,
and filter the entire contents of the syringe into the sample bottle.

5. Remove the syringe filter and place it in its original bag.

6. Remove syringe plunger and place it in its original bag.

7. Reinstall filter on syringe and fill with sample water from syringe grab bottle up to stop ring

(55 mL). Make sure to shake up sample.
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11.

Reinstall plunger, turn syringe upright, remove filter, and purge air and small amount of
water.

Reinstall filter and purge 5 mL of rinse water.

Place syringe filter flush against the 60 mL bottle rim and apply steady even pressure. It
may take 2-3 min. to filter contents. Only 50-55 mL of sample water needs to be filtered
from syringe grab bottle.

Recap sample bottle and put into original double bags and record bottle identification
number.

3.2.7.5.2 Processing Field Blank for Mercury Sample (red dot equipment):
Wearing clean gloves and working inside the clean bag:

1.

9.

Take the Hgfree blank water and
remove from double bags.

Remove the syringe filter from its
double bags, remove the protective
end caps. Restore the open filter in
its original bag.

Remove the syringe plunger
completely from the syringe body
and place it in the original double
bag.

Reinstall filter on syringe and fill
with Hgfree blank water up to stop
ring (55 mL). Recap the blank
water bottle.

Remove filter from the syringe and .
turn the syringe outlet end up. FIGURE 3.13. Field filtering of clean metals.
Push plunger to expel the air and a

small amount of water.

Install the syringe filter and turn syringe outlet down. Purge approximately 5 mL through
the filter and discard the rinse water.

Place the syringe filter flush against the 250 mL syringe field blank bottle rim and apply
steady, even pressure, and filter the entire contents of the syringe into the sample bottle.
Repeat steps 2 to 7 until 100 mL of blank water is obtained in the syringe field blank
bottle.

Recap sample bottle and put into original double bags and record bottle identification
number.

Process the mercury sample from the 250 mL syringe grab bottle into the 250 mL composite bottle
(Hg) using the above method until 100 mL is obtained. Make sure to shake sample thoroughly.

@ Field duplicates are processed using the above methodology.
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3.2.7.6 Field Decontamination of Equipment

Sampling activity can be planned such that sufficient equipment is brought to the field that field
decontamination of the sampling equipment between samples in unnecessary. If it is not possible
to plan sampling activity in this manner, dedicated sampling equipment should be provided for

each sampling event.

If samples are collected from adjacent sites of the same source water (e.g., immediately upstream or
downstream), rinsing of the sampling apparatus (i.e. tubing) with water that is to be sampled
should be sufficient.

If it is necessary to cross a gradient (i.e., going from a high concentration sample to a low
concentration sample), such as might occur when collecting at a second site, the following
procedure may be used to clean the sampling equipment between samples.

1. Inside the clean box, use the "clean hands/dirty hands" procedure to process the dilute
nitric acid solution through the apparatus. Dispose of the spent dilute acid in accordance
with the project plan.

2. Process 1 L of reagent water through the apparatus to rinse the equipment and discard the

spent water.

Collect a field blank as described in Section 3.2.7.7.

4. Rinse the apparatus with copious amounts of the ambient water sample and proceed with

bt

sample collection.

3.2.7.7 Quality Assurance/Quality Control
The sampling team shall employ a strict quality assurance/ quality control (QA/QC) program. The
team must collect equipment blanks, duplicates, and field blanks as described below.

The sampling team is permitted to modify the sampling techniques described in this method to
improve performance or reduce sampling costs, provided that reliable analyses of samples are
obtained and that samples and blanks are not contaminated. Each time a modification is made to
the procedures, the sampling team is required to demonstrate that the modification does not result
in contamination of field and equipment blanks.

3.2.7.7.1 Field Blank

To demonstrate that sample contamination has not occurred during field sampling and sample
processing, at least one field blank or duplicate must be generated for every 10 samples that are
collected.

3.2.7.7.2 Field Duplicate
To assess the precision of the field sampling and analytical processes, at least one field split sample
must be collected for every 10 samples that are collected during a given event.

Field blanks are typically done in the beginning and end of a sampling run to identify

problems with sampler handling/field techniques and field duplicates in the middle of
a sampling run to identify problems with the laboratory.
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When the field duplicate sample analytes are >20% of the original sample analyte, add
the RPD qualifier to the Results table in the WQDB. The RPD qualifier indicates that
the “Relative percent difference exceeded criteria” and data should be selectively used.

The field split is collected by splitting a larger volume (a single container which is filled following
clean hands/dirty hands procedures) into two aliquots in the clean box or bag. Using a churn
splitter inside a clean bag is normally not practical and will be avoided.

3.3 STREAM COLLECTION TECHNIQUES

3.3.1 COLLECTING A REPRESENTATIVE STREAM SAMPLE

ADEQ employs four techniques for collecting water samples from rivers and streams: grab, equal
width increment, modified equal width increment and equal discharge increment. TABLE 3.4
describes when each method should be used. The equal width increment, modified equal width
increment and equal discharge increment are composite sampling techniques.

Grab Sample Depth < 1 foot, velocity < 1.5 ft/s, homogeneous water in stream

Equal Width Increment (EWI) | Depth > 1 foot, velocity > 1.5 ft/s, heterogeneous water in stream

Modified EWI Depth <1 foot, velocity < 1.5 ft/s, heterogeneous water in stream

Equal Discharge Increment Not commonly used. Same requirements as EWI, but provides a
slightly more representative sample for SSC. Use if sand present
in 250 micron sieve.

TABLE 3.4. Stream collection method matrix.

All water samples must be collected upstream of any activity that has occurred within the sample
reach during field work. This refers primarily to those sampling techniques that involve physical
disturbance to the stream bed (e.g. instantaneous flow measurement, pebble counts,
macroinvertebrate collection, walking across the channel points in the reach, etc.).

Water samples should be collected after completion of field measurements. In those cases where
the water sample cannot be practically taken at the end of the sample visit, it is important to not
allow the temperature of the samples to rise significantly above the ambient temperature of the
water body being sampled. If an ice chest is not readily available, place the sample bottles in a
shaded location in the stream.

For composite samples, the sample for SSC analysis should be withdrawn from the
churn splitter first.

A 250 micron sieve may be used to make a visual determination as to whether sand-sized particles

are suspended in the water column. Using a l-iter sample collection bottle, the field person

collects a grab sample at the deepest, fastest point in the stream channel. The sampler should take

care not to sample any bed material. Slowly empty the water in the sample collection bottle into

the sieve and visually inspect the sieve for sand-sized particles. If sand sized particles are not in the
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sieve, then the observer may collect a grab sample or use the Equal-Width-Increment (EWI)
method to obtain a composite sample using a churn splitter. If sand-sized particles are in the sieve,
then the sampler may collect a grab sample or use the equal-discharge-increment (EDI) method to
obtain multiple sample bottles for SSC analysis. SSC protocol should be collected in wadeable,
perennial streams during normal flows. The SSC field protocol has been adapted from Field
Methods for Measurement of Fluvial Sediment (Edwards and Glysson, 1999). The equipment and
field methods described in this protocol are designed to yield a representative sample of a
water/sediment mixture moving in a stream. Tests performed by the U.S. Geological Survey
demonstrate that a composite sample from a churn splitter can provide unbiased and acceptably
precise (generally within 20% of the known value) SSC values as large as 1,000 mg/L when the
mean diameter of sediment particles is less than about 0.25 mm. At SSC values of 10,000 mg/L
or more, the bias and precision of SSC values in churn splitter sub-samples are considered
unacceptable (Gray, et al., 2000).

3.3.1.1 Grab Sample Method

1. Determine a representative spot to sample that is well mixed and meets the guidelines in
TABLE 3.4. Rinse the bottle with stream water three times to flush out any contaminants
that might be present. Dispose of rinsate downstream of your collection point. Collect the
sample by inverting the bottle open end down, and lower to half the water column depth
taking care not to disturb any sediments on the stream bottom. Turn the bottle so that it
is parallel to the stream bed, allowing the air to escape and the bottle to fill.

@ Label the bottle when it is dry before immersing it into the water.

2. Fill the individual sample bottles leaving space for the introduction of the acid preservative.
Secure sample bottle caps tightly.

3. Filter the dissolved metal sample (see Section 3.2.3).

4. Add preservatives (see Section 3.2.4).

5 Place the samples in an ice-chest in an upright position.

3.3.1.2 Equal Width Increment Sample Method

Equal-Width Increment (EWI) sample collection
and Equal-Discharge Increment (EDI) sample
collection methods were developed and refined
by the United States Geologic Survey (USGS).
Both techniques utilize an isokinetic depth-
integrating sampler (DH-81) that is designed to
accumulate a representative water sample both
continuously and isokinetically, meaning that
the water approaching and entering the sampler
intake does not change in velocity. EWI and
EDI sampling techniques are commonly used in
larger flowing systems which cannot be
adequately characterized with a grab sample.

FIGURE 3.14. 14 liter churn splitter.
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The purpose for collecting a EWI sample is to obtain a series of sub-samples, each representing a
volume of water taken at equal vertical transit rates and at equal widths apart from each other at
various intervals across the channel. This ensures obtaining a discharge weighted representative
water sample from the entire flow passing through the channel.

Instantaneous discharge of the water body is determined with the Marsh McBirney flow meter and
top-setting wading rod (see Chapter 5 for an explanation on how to take instantaneous discharge).

Samples are collected using a Isokinetic Depth-Integrating Sampler
(US DH-81 hand-held sampler, FIGURE 3.15) which consists of
four distinct parts: a three foot long metal rod with a plastic-vinyl
handle on one end and machined threading on the opposite end; a
US DH-81A molded Teflon adaptor which attaches to the threaded
end of the wading rod; a US D-77 molded Teflon cap which has an
internally molded air-vent tube; a machined Teflon US D-77 Nozzle
with a 5/16 inch sample intake opening; and a 1-iter collecting
bottle. ADEQ primarily uses the 1/4 inch nozzle, which is for flow
velocities between 1.5 and 7.6 ft/sec.

EWI Sampling Procedure

1. Upon arrival at the sample site, remove the churn splitter
from its protective plastic bag and rinse it well two to three
times with water from the stream. Fill to about 1/2 to 3/4
full and place the capped container in a shaded location in
the stream. This will allow the churn splitter and ambient
stream water to equilibrate prior to sampling. When ready
to collect the sample, remove the cover and empty the churn
splitter.  Place the cover in the plastic bag to prevent
contamination of the water sample when replacing the cover
after the sample has been collected (or just keep the cover
on).

2. Extend a measuring tape transect across the stream channel,
perpendicular to the flow at a sampling location not
influenced by side-channel eddies.

3. Measure the instantaneous flow discharge. This preliminary
measurement is required in order to perform the EWIL
Take note of the location of the fastest flow once the
discharge measurement has been completed.

4. The EWI requires multiple sampling points across the
transect. The number of sampling points (vertical intervals) FIGURE 3.15. DH-81 Sampler.
to be sampled is based on the following variables:

o Volume of sample needed for analysis (number of sample bottles to be filled)
o Size of the churn splitter
o The depth and velocity distribution in the cross section at time of sampling.
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It may take several tries to get the right sample volume for a particular stream. Adjust
the number of verticals to get the appropriate volume of sample for the churn splitter.

FIGURE 3.16. Depth-integrated samples collected using the equal width increment method.

5. The sampler should pick a reference point on the body (such as a belt buckle) to use as a
starting reference point when initiating a vertical transect. All vertical transits across the
channel should begin at the same reference point regardless of water depth.

6. Establish the vertical transit rate by determining the location of maximum velocity in the
channel obtained from the discharge measurement. In most cases this will be the deepest,
fastest point identified along the transect line. The sampler is positioned at the fastest
point in the stream. The sampler positions the DH-81 bottle at the predetermined
reference point (e.g., belt buckle) and begins lowering the DH-81 with a constant motion
to the streambed and then back again to the reference point. During this period the
sampler should be counting time from beginning to end of transit. If the first transit
attempt did not fill the bottle, empty the bottle, repeat the process and adjust the transit
rate until the DH-81 bottle is filled to just below the neck of the bottle. The sampler must
repeat the transit if the DH-81 collection bottle is overfilled or underfilled. Once the
correct transit rate has been determined, discard the collected water. Do not use this water
as part of the final water sample.

7. Using the transit rate established in Step 6, move to either bank and prepare to collect the
sub-samples at the established intervals and transit rate. The number of intervals is
calculated based on the volume of water to be collected and the size of the churn splitter
being used. For example, if four liters of water are needed and a six liter churn splitter is
used, a minimum of five liters of sample water is needed. Once the sample water has been
withdrawn from the churn splitter to fill the sample bottles, a minimum of one liter must
remain in the churn splitter. To calculate the number of intervals, it is known that a full
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liter will be collected at the fastest flow location and decreasing amounts will be collected
on either side of that location. FIGURE 3.16 illustrates this process. Estimate the number
of transit intervals by made taking into account the width of the channel, the depth of
water, and the flow rate through the channel cross-section.

8. Once the number of sub-samples has been estimated, the interval width is calculated. For
example, if the stream width is 20-feet, and the number of sub-samples is estimated to be
10, then the width of each sample interval would be 2 feet. The actual sampling station
within each interval is located at the center of the interval. Beginning at a location of 1
foot from the bank, the intervals are then spaced 2 feet apart, resulting in sample stations
at1,3,5,7,9, 11, 13, 15, 17 and 19 feet along the 20-foot width.

9. Collect the sample in the first interval with the DH-81 at the predetermined transit rate
(Step 6). It is important to remember to begin and end at an established reference point
(belt buckle) and maintain a constant rate. A second observer should accompany the
sampler carrying the churn splitter to receive the samples.

without having to empty the sample collection bottle into the churn splitter to save
time. However, if the collection bottle is over filled during the sample collection
process, the bottle must be emptied of its contents and all verticals, which contributed
to that particular sub-sample must be recollected.

@ It is often possible to composite samples at two or more verticals near the banks

10.  After all the subssamples have been deposited into the churn splitter, the individual pre-
labeled sample bottles can be filled.

Bacteria samples should not be collected from the churn splitter. Plastic churn
splitters cannot be autoclaved and thus may already be contaminated before the
composite sample is taken.

Churn the sample at a uniform rate of about 9 inches per second. The mixing disc should
touch the bottom of the churn on the down stroke but should not be allowed to break the
water surface on the up stroke. A minimum of 10 strokes is required before withdrawing
the first subsample. Before withdrawing the sample water, run a small quantity of water
through the spigot as rinse to remove any contaminants that may have adhered to the
inside of the spigot body. If the disk breaks the water surface while a subsample bottle is
being filled, momentarily stop the filling process and stroke 10 times before continuing to
fill the subsample bottle.

3.3.1.3 Modified Equal Width Increment Sample Collection

The Modified EWI method is often used in small wide streams where depths are less than one
foot, and horizontal mixing is insufficient for capturing a representative sample. It is also used in
shallow streams where tributary inflows are not well mixed with the dominant mainstream flow.
The procedure is designed to produce a sample that is more representative than a grab sample, but
not discharge weighted as with the EDI collection method. The sub-samples are collected by hand
with the wide-mouth 1-liter collecting bottle at the determined vertical intervals.
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Modified EWI Sampling Procedure
1. The procedure for the modified EWI is the same as the EWI in Section 3.3.1.2 with the
exception that the no rod is used. The sampler uses their hand instead of the rod.

For streams of shallow depth where the use of a 1-liter bottle and a churn splitter may be
impractical, use a clean 250 milliliter bottle to collect the sample. Establish four sampling
points along the transect that are approximately equal in distance from each other. Collect
a sub-sample from each point, using a transit rate that fills the bottle completely and evenly
at each point along the transect. Cap and invert the bottle several times to mix the sample.

3.3.1.4 Equal Discharge Increment Sample Collection

Equal discharge increment sampling is used when sieving indicates that sand-sized particles are
entrained in the water column and the stream is 10-feet wide or wider. If sand-sized particles are
entrained in the water column and the stream is less than 10-feet wide, a grab sample may be taken

from a single vertical in the deepest, fastest location in the channel.

The Equal Discharge Increment (EDI) method produces a discharge-weighted sample that
represents all the flow passing through the cross section by collecting a number of sub-samples,
each representing equal volumes of discharge. The flow in the cross section is divided into
increments of equal discharge and then equalvolume. Depth-integrated samples are collected at
the centroid of each increment along the transect. The term centroid refers to the location in the
channel transect where discharge is equal on both sides. EDI sample collection is used by ADEQ
principally for the collection of suspended sediment concentration samples.

Equal Discharge Increment Procedure

The objective of the EDI is to collect a discharge-weighted sample that represents the entire flow
passing through the cross-section by obtaining a series of samples, each representing equal volumes
of stream discharge.

1. Place measuring tape across stream channel perpendicular to flow at the sampling site.
Determine the stream width from the edges of water.
2. Take discharge measurements using Marsh McBirney flow meter to determine the total

discharge and the flow distribution across the channel at the cross section. When
recording discharge measurements on the field form, the recorder should include a
cumulative discharge column and keep a running total of the cumulative discharge from

the LEW.

3.17) to determine the cumulative QQ, centroid locations and sample station locations.

@ Use the "EDI Flow Template" excel spreadsheet on a laptop or pocket PC (FIGURE
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Stream Discharge Calculation 5-Station EDI Calculation
Sta. Dist. {ft)| Width (ft) Depth (f{ Area (ft]Vel. {ft'se(() (cfs) |Q (Cumulative) |Notes Tot. Q1’5=| 16.8 |cfs
1LEW |0.0 0.75 0.00 /A LEW WA (000 LEW

2 15 1.50 0.15 0.23 0.14 0.03 0.03 Cumulative {) @ Centroids Sampling Stations

3 3.0 1.50 0.35 0.53 0.67 035 |0.38 Station1{] 34 [(cfs) Sample 1|3.4 (ft)
4 4.5 1.50 0.50 075 0.91 0.68 1.08 Station2 ] 252 [(cfs) Sample 2|11.5 (ft)
5 6.0 1.50 0.80 1.20 158 190 [2.98 Station3 ] 420 [(cfs) Sample 3|14.6 (ft)
& 15 1.50 1.05 1.58 197 310 |6.06 Stationd4 ] 588 |[(cfs) Sample 4/18.3 (ft)
7 2.0 1.50 1.34 201 2,40 4.82 10.88 Station 5] 756 [(cfs) Sample 5|23.5 (ft)
8 10.5 1.50 1.35 2.03 285 7.80 18,68

g 12.0 1.50 1.0 2.40 295 948 2816 oo

10 135 1.50 1.70 2.55 240 267 3683

11 15.0 1.50 1.70 2.55 2,80 714 4397 s SEREEE
12 16.5 1.50 1.70 2.55 200 7653|5182 e

13 18.0 1.50 1.55 233 2.50 5.81 5743

14 195|125 140 175 253 443 6186 e B

15 205 1.25 122 1.53 263 4.01 6587 i

16 |2z0  [150 130  [195 [288 562 7149 o

17 235 1.50 1.25 1.88 212 398 |7547 -

18 25.0 1.50 1.18 1.77 1.10 185 [7742 3 oo

19 26,5 1.50 1.35 203 138 279  |&nz21 é

20 28.0 1.50 1.52 2,28 1.07 2444|8265 5 e

21 29.5 1.50 1.32 1.98 0,44 0.87 |8352 #

22 31.0 1.50 1.40 2.10 023 048 8400 0.00

23 32.5 1.50 1.05 1.58 0.00 0.00  |84.00

24 34.0 2.15 0.40 0.86 0.00 0.00  |84.00 20.00 ?ﬁ

25REW [36.8 1.40 0.00 Nis EEW /A EEW
Total (3=|84.00 |cfs 10.00
r"
Area and Discharge (Q) are calculated values. 0.00 H.--a!r'
0.0 50 10.0 150 00 280 0.0 350
Dist (1)

FIGURE 3.17. Flow EDI Template.

3.

Calculate the EDI. The EDI is determined by dividing the total cumulative discharge by
the number of verticals to be sampled. For example, if the total cumulative discharge of
the stream is 84 cfs and 5 verticals are to be sampled, then the EDI method is 16.8 cfs.
The number of verticals is determined by the sample volume that is needed. If 4 liters of
sample are needed then 5 verticals should be used. This will leave 1 liter in the churn.

The location of the centroids of the equal discharge increment is determined from the
cumulative discharge calculations. The first vertical is located at a point where the
cumulative discharge from the LEW is half of the EDI. In the previous example, if the
EDI is 16.8 cfs, then the first vertical is located at the point where the cumulative discharge
= 8.4 cfs. Subsequent centroids are located by adding the EDI to the cumulative discharge
at the first vertical. In our example the second vertical would be located at the point
where cumulative discharge = 8.4 + 16.8 = 25.2 cfs relative to the LEW. Use the same
approach to determine the centroid discharge amounts for the 3rd to 5th centroids. The
spreadsheet will calculate these automatically. Adjust the spreadsheet if the number of
verticals need to be adjusted.

Use the Cumulative Discharge Curve (FIGURE 3.17 and FIGURE 3.18) to determine the

locations of the five sampling stations.
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FIGURE 3.18. Close-up view of the Cumulative Discharge Curve from the "Flow EDI Template". Dotted lines
represent the 5 cumulative Q centroid locations and the corresponding sample points across the transect.

6. A depth-integrated sample is collected at each sampling station using a DH-81 sampler.
The transit rate used to collect a sample must be constant in one direction. However, it is
not necessary to maintain equal transit rates of ascent and descent within a vertical. Also
transit rates can vary at different verticals in the cross-section. A single sample bottle is

filled at each vertical (FIGURE 3.19).

@ It is important that all sample bottles be of equal sample volume.
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LEW 8.4ft 115ft14.6ft 18.3ft 235 ft 36.8 ft
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FIGURE 3.19. Cross-section showing the 5 sample locations.

3.4 LAKE SAMPLING TECHNIQUES

The number of samples collected for a particular site will depend on whether or not the lake is
stratified. To determine stratification, a multimeter probe will need to be extended to the bottom
of the lake at the sample site.

1. Before using the probe you will need to calibrate it for the local barometric pressure and
for depth (see Section 3.1.1 for additional detail). When you get to the lake, attach the
cable, face and probe.

2. Screw on the probe cover that allows water to pass through. Place the probe in the water at
a depth of approximately 10 cm. Record field parameters on field data sheet (percent DO,
pH, etc.).

3. Slowly lower the probe to 1m for the second reading. Continue at 1 m intervals until you

reach the bottom of the lake. Allow the probe reading to stabilize before recording. Take
the last reading at 0.5 m above the suspected bottom of the lake. If the site is extremely
deep, consider reading the probe at every 2-5 m. Just be sure to capture at least 3 equally-
distanced readings within the epilimnion and the hypolimnion and to identify the

thermocline (FIGURE 3.20).

A lake is thermally stratified when there is a change of more than ONE degree Celsius
@ per meter. This depth is called the thermocline.
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FIGURE 3.20. Red dots represent depths where multiprobe readings are taken.

Repeat any suspect measurements and make notes on the field sheet and in the instrument’s
logbook if the DO membrane had to be replaced.

The DO membrane will dry out if left exposed to air so, as soon as possible, cover it
with the cap including about 5mL of water. When sampling is complete, return the
probe to the case and be sure the cap is tight so that the water won’t leak out. If there
is dirt on the probe, be sure to clean it (gently wash with water) and do any necessary
maintenance before returning it to the storage area.

3.4.1 COLLECTING A REPRESENTATIVE LAKES SAMPLE

A representative sample is a collection of grab samples that represent the vertical and spatial
components within the main body of the lake. Samples are generally not taken in shallow,
stagnant portions of the lake. Instead, lake sampling focuses on the mid-lake sample within
geomorphologically distinct subunits of the lake. Examples of subunits may include the forebay,
mid-lake and inlet. The morphology of each lake is unique and may require a different number of
samples in order to characterize the condition of the lake. A sample is always taken near the dam
site as a reference.

A small (<200 acres), round lake may not require more than two sampling locations - one at the
dam and one in a more centralized location. A lake with many tributaries may exhibit different
chemical concentrations in water near each inlet. While it is not necessary to sample near each
inlet, the sampler should make an attempt to capture a sample in an area near main tributary
inputs or near a series of similar tributary inputs (FIGURES 3.21 and 3.22).
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A minimum of three sampling locations should be taken across a lake unless the lake is
small (<200 acres) or has a simple (round, few tributaries, tributaries drain similar
watersheds) morphology.

A representative sample relies on repeatable collection practices. Lake sampling for assessment
purposes should be conducted with a thief sampler such as a beta bottle. Sample bottles should be
filled from a single collection from the 6 liter beta bottle to ensure that local site variation does not
contribute to variation between sample bottles. The sample should be homogenized by gently
swirling the beta bottle before filling each sample bottle.

FIGURE 3.22. Simple lake with two sites. Dashed lines represent lake depth. Dam is represented by a solid black
rectangle. The site is the blue "x". The dam site is the red "x"
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FIGURE 3.21. Complex lake with 4 sites. Dashed lines represent lake depth. Dam is represented by a solid black
rectangle. The sites are represented by the "x's". The dam site is the red "x"

3.4.2 WATER SAMPLE COLLECTION

3.4.2.1 Secchi Depth

One sample is always collected in the photic zone of the lake. A

secchi disc is used to determine the depth of the photic zone. The

photic zone is where visible light penetrates to allow primary
production.

1. Attach the secchi disc to a marked rope or to a meter tape
(FIGURE 3.22). Lower the disc off the shady side of the
boat and remove sunglasses or other visual obstructions.
Slowly lower the secchi disc into the water until it
disappears. Estimate the depth to the nearest 0.1 m.
Record the depth at which it disappears. Lower the disc a
little more and then slowly bring it back until it reappears.
Record this depth as well. The average of these two values
is the secchi depth. Record the secchi depth.

2. Multiply the secchi depth by a correction factor of 1.5.
This identifies the depth of the photic zone.

FIGURE 3.22. Secchi disc and

marked chain.
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3.4.2.2 Beta Bottle
Prior to collecting a beta bottle sample you should have identified if the lake is stratified or not

according to Section 3.4.

3.4.2.2.1 Beta Bottle Collection Point in an Unstratified Lake
Only one sampling depth is needed for unstratified lakes. The
sampling depth is 1/2 the depth of the photic zone (FIGURE 3.23).

A

Sample Depth=—} - - ____ X _
% Photic Zone

auoz anoyd

Secchi Depth

1.5 x Secchi .
Depth FIGURE 3.24. Beta bottle.

FIGURE 3.23. Sampling location for an unstratified lake.

The beta bottle should be rinsed in the lake water before sampling (FIGURE 3.24). Swish it back
and forth slowly with the side lids open.

@ Record top and bottom sampling depth (generally the same).

The beta bottle rope is marked in 1 meter units. Lower the beta bottle to the desired depth.
Swish the bottle horizontally back and forth and let it sit for approximately 30 seconds. Then
deploy the messenger to collapse the lids. Slowly raise the beta bottle out of the water and use the
pour spout to empty its contents into sample bottles. Gently switl the beta bottle between filling
up sample bottles. When pressure is low, it may help to loosen the yellow valve or to place
something between the lid and the bottle to keep the lid open. A

The beta bottle should not be cleaned with detergents or bleach. Use tap
water and a clean brush to wash the inside and outside of the beta bottle.
Keep the lids open while it dries. When dry, collapse the lids as soon as
possible so that the cords do not become loose. Store the beta bottle in the
plastic suitcase along with the rope and messenger.

Use the spigot to fill up the sample bottles.

3.4.2.2.2 Beta Bottle Collection Points in an Stratified Lake
FIGURE 3.25. Stratified Lake

Sample Points
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At least two samples depths should be sampled for a stratified lake (FIGURE 3.25). One sample

point will be collected in the epilimnion at the midpoint of the photic zone (see Section 3.4.2.2.1
for additional detail).

The other sampling point is located within the hypolimnion 2 meters below the thermocline.

3.4.2.3 Sediment Sample Collection

A sediment sample is collected for the purpose of determining recent deposition quantities of
nutrients and metals. There are two main types of sediment samplers that could be used: Eckman
dredge and a Wildco corer.

The Wildco corer should be used in rocky substrates or
at deep sites.

@ The Eckman dredge is best to use in shallow, loose soils.

Eckman dredge

Open arms on the Eckman dredge (FIGURE 3.26). Swish it in the
water to rinse, and then slowly lower it to the sediment. When you
reach the sediment, let it sink in, then send the messenger down to
collapse the arms. Slowly raise the dredge out of the water. Open

the top to scoop out a sample. Release the unused sediment into fGURE 3.26. Ekman dre dge
the lake.

Wildco corers: pounder method
Wildco corers are meant to collect a core of water by pounding a heavy metal rod into the
sediment. With the pounder, you can insert a plastic tube into the metal tube, and then close it
off with a black sediment catcher and a white nose piece (FIGURE
3.27).

After assembling the corer, make room for the three ropes and
decide who will handle each rope. The ropes include the main
handle for the corer, the rope for the lever than activates suction,
and the rope to raise and drop the pounder. Slowly lower the corer
until it touches the sediment. Then, raise the corer approximately 1
m from the bottom and let it free fall. Pound repeatedly (about 3
times), using the ropes to gage how well the pounding is working.
When you think the corer is solidly in the soil, raise the lever rope
to create suction. Now with all three ropes being pulled, bring the
corer to the surface.

FIGURE 3.27. Wildco sediment
Bring the corer to a horizontal position in the boat. Carefully corer.

remove the nose piece and catcher and scoop out the sample.
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When you have collected the desired sample volume, return the corer to the lake water for rinsing.
Do not expect to remove all the mud. A thorough cleaning should be done in the lab using soapy
water.

Wildco corers: Modified KB corer
The Modified KB corer relies on a plunger to provide suction. The sample is collected within a
detachable hard plastic tube. This corer is heavier and longer than the pounder and may lose

suction more easily. However, because of the weight, it may be easier to identify when you have
stuck the corer in the mud. You can avoid losing suction by reaching as far into the water as
possible to plug the bottom end.

Insert the core tube into the housing sampling apparatus and tighten the hose clamps with a nut
driver. Set up the plunger so that it will drop when the messenger is deployed. Use grease if
necessary to ensure a tight seal between the plunger and the metal surface.

Lower the corer keeping the line taut until you reach bottom. Then pull up the corer to
approximately 2 m above the bottom. Let the line slip through the hands until it hits bottom.
Then, keep the line taut so that the corer doesn’t tilt. Unless you are in rocky substrate, the force
of the corer should have been enough to stick into the sediment. Trip the messenger to create the
suction.

Very slowly raise the corer until the top part reaches the surface of the lake. At this point it is very
easy to lose suction and lose the sample. With one person holding onto and stabilizing the corer
and the other holding onto the rubber plug and ready to place it on the end of the tube, slowly
raise the corer out of the water until the tube is plugged. Then raise the corer completely out of
the water and set it vertically on the boat (in a tub or bucket reduces the mess). Loosen the clamps
using a nut driver and separate the metal piece from the plastic piece.

Collect a sample from the top of the plastic tube which reflects the most recent deposition in the
lake. Using the PVC extruder, push the sediment up toward the top of the tube. Place the stage
over the opening and secure it with the built in screw. When the water has been extruded so that
the soil is almost to the stage, remove excess water with a siphon.

Now place a plastic column with 1em marked on top of the stage. Continue pushing the sediment
up till it reaches the 1 cm level. Push the column towards the flat part of the stage. This cleaves
off the top 1 cm of soil. Use a plastic spatula to push the soil into the collection jar. Repeat the
cleaving process for additional soil volume.

Release any unused soil back into the lake and rinse the corer and associated parts in the lake.

The sediment sampler should be washed with soap and water between lake surveys or after a
sampling run.
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3.4.2.4 Zooplankton Sampling

1. Lower 80 um net in an upright position until the mouth of the net is 0.5 meters above the
lake bottom (FIGURE 3.28).

2. Pull the net to surface at a steady rate without stopping (1 ft /sec).

3. At surface, move net up and down without submersing the mouth to rinse contents into
collection bucket.

4, Rinse again by spraying water against the outside of net.

5. Remove bucket from net and concentrate contents by swirling bucket to remove excess lake
water.

6. Repeat steps 1-5 on opposite side of boat using 243 um net.

4 )

Vertical Tow Vertical Tow
(Fine Mesh) (Coarse Mesh)

o / o /
\\’ Narcotization 4—/

v

Preservation

FIGURE 3.28. Coarse and Fine Zooplankton Tow s. Each are lowered 0.5 meters above the lake bottom and then
raised to the surface. Samples are then narcotized and preserved.

Set collection bucket in a small container and narcotize zooplankton using water containing a CO,
tablet (alternatively, Alka-Seltzer or club soda may be used). Wait until zooplankton movement
has stopped (usually about 1 minute). Rinse contents of bucket into 125 ml jar using small
volumes of DI water. Preserve sample with ethanol by filling sample jar to the 80 mL mark or a
little more than half full.

3.5 FISH TISSUE

ADEQ collects fish tissue to determine risks to human health from pollutants such as mercury and
pesticides. Because fish spend their entire lives in the aquatic environment, they incorporate
chemicals from this environment into their body tissues. Contamination of aquatic resources has
been documented for heavy metals, pesticides, and other complex organic compounds. Once these
contaminants reach surface waters, they may be available for bioaccumulation, either directly or
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through aquatic food webs, and may accumulate in fish and shellfish tissues. Results from fish
tissue monitoring can serve as an important indicator of further contamination of sediments and
surface water.

This procedure is used by the ADEQ’s fish consumption advisory program to collect and process
fish tissue samples to be analyzed for chemical contaminants. These procedures are based on
established guidelines described in EPA’s 2000 guidance for assessing chemical contaminant data
for use in fish advisories.

3.5.1 SAMPLE COLLECTION

The fish consumption advisory program will employ several means of fish collection. Collections
on lakes and non-wadeable streams are usually accomplished using a boat mounted electrofisher,
gill nets or cast nets. Collections on wadeable streams are accomplished using backpack
electrofishing techniques, cast nets or gill net “traps” (See Appendix A).

All personnel involved must be familiar with standard operational and safety
procedures (Bryan, et al. AGFD, 2004; (See Secton 2.3 for additional electroshocking
safety information).

Studies may use fish that are collected by other agencies or that fish that are purchased from
recreational anglers. See Section 3.5.3.3 for minimum quality control measures, labeling and

handling.

Use the following guidelines when selecting/collecting fish for tissue analysis:

1. Species: The species selected should represent game fish most likely caught and kept by
anglers.

2. Size: The size range of fish collected should be representative of:
a. Those most likely to be caught. “Trophy” fish are much less likely to show up in an

angler’s creel and may skew data due to their age and size.

b. Size or slot limits placed on the waterbody by AGFD regulation.

3. Trophic position: High order predators like largemouth bass and walleye tend to
bioaccumulate pollutants to a higher concentration due to their place in the food web.

4. Pollutant accrual and storage: Pollutants can be accrued and stored differently due to

species and pollutant characteristics. Generally, mercury is stored in muscle tissue and
organochlorines are stored in fat. “Oily” fish like the common carp will have the highest
organochlorine concentrations and muscular predators like the largemouth bass will accrue
mercury at a higher rate.

5. Trophic condition: Check with AGFD prior to sampling to see if the selected waterbody
has undergone any large trophic shifts. Fish in poor condition will have less body fat,
which can affect pollutant concentrations in the short term and may not be representative
of long term values.

The following is a list of Arizona Game Fish. Preferred species are listed in red:

Bass, Largemouth Carp Sunfish, Green
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Bass, Rock

Bass, Smallmouth
Bass, Striped Bass
Bass, Yellow
Bluegill

Buffalo, Bigmouth

Buffalo, Black
Bullhead, Black
Bullhead, Yellow

Catfish, Blue
Catfish, Channel
Catfish, Flathead
Crappie, Black
Crappie, White
Grayling, Arctic
Mullet

Northern Pike
Perch, Yellow

Sunfish, Hybrid
Sunfish, Redear
Tilapia

Trout, Apache
Trout, Brook
Trout, Brown
Trout, Cutthroat

Trout, Rainbow

Walleye

At each sampling station, ADEQ personnel should fill out a Fish Tissue Survey Form (FIGURE
3.29) to provide additional information regarding the site visit. The form allows field staff to
document access conditions, all species observed during sampling, water quality measurements,
disease information, and any comments about the station. If fish are collected by another agency,
ADEQ personnel will collect as much of the metadata as practical from sampling personnel to fill

in the Fish Tissue Survey Form.
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Fish Tissue Survey Information

Waterbody: Location Site code _
Latitude Longitud Nearest CityTown/Landmark_

Collection
Agency: Tributaries:
Survey Date/Time: Survey Duration: Hours Min
Staff:

Survey Method :_Big boat - Small Boat - Back Pack = _Other = Describe:
Ramp Info:  Wildlife — Marina = Public = Private = Other = Describe:

Ramp Condiion: Paved = Sand = Gravel = Earth = Slidein = Comments:
Water Quality Measurements:  Temp: gH: DO Cond: Salinity:
Species Observed:

__ Apache Trout __ Flathead Catfish _ Walleye
_ Arctic Grayling _ GilaTrout _ White Bass
__Bigmouth Buffalo __ Green Sunfish __ White Crappie
__ Black Bullhead __ Largemouth Bass __ YellowBass
__ Black Crappie __MNorthem Pike __ YellowBullhead
__ Bluegill __Rainbow Trout __ YellowPerch
__ Brook Trout __RedearSunfish Uther:
__ Brown Trout __Roundtail Chub
__ Channel Catfish __ Smallmouth Bass
__ Cutthroat Trout __ StripedBass
_ Desert Sucker __ Tilapia

Disease Observed: Lesions/Sores| | Injuries[ ] FlaredGills[ 1 Excessive mucus[] Tumors|[ |
Visible Parasites|[ 1 Other[ | Describe

Species Collected:

Station Comments/Notes:

Figure 3.29. Fish Tissue Survey Form

When sampling sites are close enough samples should be transported to the sample processing
laboratory prior to weighing and measurement. Samples should be placed in Ziploc bags by species
and cooled to 4° C on wet ice for transport. If the distance from sample site is greater than 200
miles or the time to the lab is greater than 36 hours, samples should be weighed, measured, tagged
in the field with location, date, species, length in mm and weight in grams, and sampler initials,

and frozen on dry ice. (See Section 3.5.3 - 4 for procedures, FIGURES 3.30 to 3.32).
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Figure 3.30. Fish measurement for total length and weight.

3.5.2 MEASUREMENT, LABELING AND TRANSPORT

Fish collected for analyses must be transported to the processing laboratory in such a manner as to
prevent decomposition or contamination. Fish should be removed from live wells, holding tanks,
or buckets, rinsed with ambient water to remove foreign matter, and placed on a contaminant free
surface for sorting. Skins on fish selected for analysis should be examined for breaks or lacerations
from sampling gear - a possible source of contamination. If a wound is severe and actively
bleeding, the fish should be released or discarded. Missing scales, burns from shocking equipment
or small lacerations where the area to be subsampled (3.5.3.1) is clear of injury will not be cause for
rejecting the sample. It is up to the lead sampler to determine if a fish should be rejected based on
abnormalities.

3.5.3.1 Weight and length measurement

A wet weight is determined for each fish to the nearest gram (Figure 3.30) and recorded on the
Fish “Fish Tissue Field Datasheet” (Figure 3.33). All samples should be weighed on balances that
are properly calibrated, tared and of adequate accuracy and precision to meet program data quality
objectives. Balance calibration should be checked at the beginning of each weighing session.

A total length (“nose” to end of tail) is determined for each fish to the nearest millimeter using a
length board (Figure 3.30) and recorded on the “Fish Tissue Field Datasheet” (Figure 3.33). When
measuring, the mouth of the fish should be closed and the caudle or tail fin should be lightly
compressed so that the absolute longest length is measured.

After measurement, larger fish will be dispatched by placing the fish upright (belly down) on a
hard surface and administering several sharp blows with a hardwood dowel to the top of the head
just behind the eyes. Smaller prey base fish will be dispatched by placing them in in a bucket
filled with water so that the fish can only barely swim upright, and dropping in several Alka Seltzer
tablets.

Individual fish are identified to species under the supervision of an experienced biologist familiar
with Arizona fish fauna. Fish are first identified using current, regional identification manuals and
other appropriate taxonomic literature (i.e.: Minkley, W. L. 1973). If questions occur,
identifications are verified by other fish taxonomists or by experienced personnel from the Arizona
Game and Fish Department.
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3.5.3.2 Metals

Fish selected for metals analysis are placed individually in polyethylene bags. Prior to bagging the
fish, a paper tag with a unique identifier, which includes date and waterbody, is affixed to the fish
with a zip tie through the mouth and gills (Figure 3.31). Labels should contain the following:
Waterbody

Date

Sampler initials

Length in mm followed by weight in grams

e Fish species on the right hand side
After removing as much air as possible, the bags are sealed and tagged with the date, time, station
name, species, and collector(s).

Figure 3.31. Fish labeling.

3.5.3.2 Organics

Fish selected only for organics analyses are tagged and wrapped whole in clean aluminum foil with
the dull side of the foil against the skin of the animal. Large spines on any fish should be clipped
to minimize puncturing of the foil (Figure 3.32). Wrapped fish are sorted by species and placed in
labeled polyethylene bags as described for metals samples.

All polyethylene bags will be labeled with location, date, species, length in milimeters and weight
in grams, and sampler initials (Figure 3.33).

Packaged fish are placed immediately on wet ice and chilled to 4°C for transport back to the
laboratory. Samples transported on wet ice should reach the processing laboratory within 36 hours
of collection to allow sufficient time for processing.

they should be frozen as whole fish, delivered to ADEQ as soon as possible, and stored
at -20 °C until subsampling can be performed. If fish are frozen they should not be
allowed to thaw during transport.

@ If samples cannot be transported to the processing lab within 36 hours of collection
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Figure 3.32. Outerbag fish labeling

3.5.3.3 Quality control and labeling of fish received from anglers

e All fish will remain whole and be weighed and measured in the field.
e Fish will be placed either aluminum foil or in ziplock bags as in 3.5.2.1 - 2.
e Individual fish will be labeled on the exterior package with:
o Waterbody
Date (and time)
Species
Metric length and weight
Angler name (if available)
Receiving personnel
e Fish will be transported on ice to the ADEQ prep laboratory or frozen within 36 hours to
await pickup.
e Fish will only be collected or purchased from anglers by ADEQ staff or AGFD personnel.

O O 0 O O

3.5.3 SAMPLE PROCESSING

Individual fish received for subsampling should be unwrapped and inspected carefully to ensure
that they have not been compromised in any way (i.e., not properly preserved during transport).
Any specimen deemed unsuitable for further processing and analysis should be discarded and
identified on the sample processing record.

Fish tissue samples can be of two varieties: catchable and whole body prey base. Catchable fish
(fish of a size that would be legally caught and consumed by the angling public) should be all of the
same species and age class. Fish plugs are typically taken from a single fish (see below for specific
protocols). Prey base fish should be all of the same species but can vary in size as long as they are
of a size that could be consumed by the predatory fish in question and should be homogenized
together as whole fish. Typically 3 to 10 fish are homogenized through a meat grinder for whole
body prey based fish (see below for protocol).

All equipment used in processing samples for metals analysis should be made of stainless steel,

glass, or plastic. Chromium and nickel contamination can occur from the use of stainless steel.
Therefore, if these metals are of concern, other materials should be used during sample processing.
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Equipment used in processing samples for organics analysis should be made of stainless steel, glass,
or anodized aluminum.

Equipment used in processing samples for organics analysis should be of stainless steel, anodized
aluminum, borosilicate glass, polytetrafluoroethylene (PTFE), ceramic, or quartz. Polypropylene
and polyethylene (plastic) surfaces, implements, gloves, and containers are a potential source of
contamination by organics and should not be used. If a laboratory chooses to use these materials,
there should be clear documentation that they are not a source of contamination. Subsampling
should be done on glass or PTFE cutting boards that are cleaned properly between fish or on
cutting boards covered with heavy duty aluminum foil that is changed after each subsampling.
Tissue should be removed with clean, high- quality, corrosion-resistant stainless steel, and ceramic
or quartz instruments (Lowenstein and Young, 1986). Tissue homogenates may be stored in
borosilicate glass, quartz, or PTFE containers with PTFE-lined lids or in heavy duty aluminum foil.
Prior to preparing each composite sample, utensils and containers should be washed with
detergent solution, rinsed with tap water, soaked in pesticide-grade isopropanol or acetone, and
rinsed with deionized water. Work surfaces should be cleaned with pesticide-grade isopropanol or
acetone, washed with distilled water, and allowed to dry completely. Knives, measurement boards,
etc., should be cleaned with pesticide-grade isopropanol or acetone followed by a rinse with
contaminant-free distilled water between each fish sample (Stober, 1991).
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Fish tissue raw data sheet.

Waterbody County Subbasin & Digit HUC
Latitude Longitude Collection Date
Processing Date Date To Lab
Station Comments
Species Code Total Length {(mm}) Weight [g) DEQ Mumber C

Figure 3.33. Fish tissue raw data sheet.

A total length (“nose” to end of tail) is determined for each fish to the nearest millimeter using a
length board (Figure 3.30) and recorded on the Fish Tissue Raw Datasheet (Figure 3.33). When
measuring, the mouth of the fish should be closed and the caudle or tail fin should be lightly
compressed so that the absolute longest length is measured.

Individual fish are identified to species under the supervision of an experienced biologist familiar
with Arizona fish fauna. Fish are first identified using current, regional identification manuals and
other appropriate taxonomic literature (i.e.: Minkley, W. L. 1973). If questions occur,
identifications are verified by other fish consumption advisory program taxonomists or by
experienced personnel from the Arizona Game and Fish Department.
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3.5.3.1 Catchable Fish Processing

1.

Prior to preparing metals samples, all surfaces in the processing laboratory are washed with
a Liquinox® and rinsed with deionized (DI) water. Utensils and containers should be
cleaned thoroughly with a Liquinox® solution, rinsed with tap water, soaked in 5 percent
HCI, for 12 to 24 hours at room temperature, and then rinsed with DI water.

Utensils made from stainless steel may be cleaned using this recommended procedure with the

2.

acid soaking step method omitted (Stober, 1991).

Frozen fish samples should only be partially thawed before subsampling (ice crystals should
still be visible in the fillet tissue). Subsampling is performed on HDPE cutting board
rinsed with DI water between fish from different sites. Subsampling is performed using
cleaned bare hands or talc free disposable gloves. Hands or gloves should be rinsed
between samples to prevent cross contamination. Knives and biopsy punches are rinsed
with 5 percent HCl and DI water between fish from the same station and recleaned or
changed between sites.

‘\ ﬁ_
|

| AccwEE van

Figure 3.34. Fish preparation.

3.

The fillet area should be exposed for subsampling by inserting the knife beneath the scales
and skin just forward of the caudal peduncle (Figure 3.35). Cut forward, just beneath the
skin until the fillet flesh is exposed between the lateral line and the dorsal fin, from
insertion point to just behind the gills (Figure 3.36). Once the fillet flesh is exposed, use a
6mm biopsy punch to remove > 3.5 grams of muscle tissue (Figure 3.37). Place a tared
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HDPE sample submittal bottle on a scale to assure that you have at least 3.5 grams. Use a
stainless wire plunger to push plugs into the sample bottle. The number of plugs needed
to make up 3.5 grams will vary due to muscle thickness and density. Care should be taken
not to cut into the gut cavity as it may contaminate the fillet tissue.

place the “nose” against a folded paper towel on the back panel of the bench. Always cut
away from your body.

@ Note: For a better grip, hold the fish around the caudle peduncle with a paper towel and

Subsample/Fillet Area

operculum e dorsal fin
(gill cover)

~ anal fin
caudal (tail)
fin

Figure 3.35. Basic fish anatomy denoting area to be subsampled.

Figure 3.36. Skin removed from the subsample/filet section
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Figure 3.37. Subsampling with a biopsy punch

4. Once more than 3.5 grams of muscle tissue is obtained, the plugs are placed into a precleaned
mortar and pestle and ground until the tissue is homogenized, to ensure equal distribution of
contaminants throughout the sample.

5. Place labeled bottle with sample back into the freezer until samples are shipped on dry ice to

the laboratory for analysis.

Place fish carcass with identifying labels back into the freezer until laboratory results are

received and QA/QC checks completed.

*

numbers of fish are available, are prepared from at least 3 but no more than 10
individuals of the same species. Composite samples from catchable fish are prepared
by subsampling equal amounts of tissue from each fish in the sample, using the muscle
plug technique. Subsampled material is then homogenized by grinding in a mortar
and pestle.

@ Composite samples, taken as a cost saving way to increase sample number when large

Individuals of different species are never mixed to form composite samples.

3.5.3.2 Whole Body Prey Base Processing

1. Whole body composite samples from prey base fish are prepared by grinding whole fish in
a food grade meat grinder. Once ground, place the resultant material in a clean weigh boat
and homogenize by stirring with a stainless steel laboratory spatula.

3.5.3.3 Final Sample

The final individual or composite samples should be composed of at least 3.5 g of tissue to ensure
an adequate amount of material for analysis. If more sampled material is available, include it for
possible lab QA/QC or calibration. Samples are submitted in small, widemouth poly bottles and
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labeled (FIGURE 3.38). Composite sample bottles should be labeled with the number in the
composite and range of sample lengths (length is the best surrogate for age/cohort). The range of
lengths and weights along should be recorded for data analysis.

3.5.3.4 QA/QC Samples

Five percent of quality control samples will be blanks and five percent splits
or duplicates as described in Section 3.2.5. These samples are either
comprised of a 7 gram sample taken from a single filet exposure,
homogenized and split into two separate sample bottles or, on smaller fish, a
subsample is taken from the fillet portion on the opposite side of the fish
using the same subsampling procedure as regular samples.

Blanks consist of samples of taken from frozen chicken breast meat using the
same method and materials used in taking regular subsamples. Avoid
sampling the fat that often is attached to the fillets.

Figure 3.38. Labeled
All samples are then sent either directly to the analytical laboratory, sample bottle

(overnight, on dry ice), or frozen immediately and stored at -20°C for later analysis.

Section 10.6.2 describes the data review process and what acceptable values are for blanks,
duplicates and/or splits.

3.5.3.4 Disposal of fish carcasses:

Fish carcasses that have been subsampled will be returned to the freezer for storage. Once sample
data are received and meet QA/QC criteria, the carcasses can be disposed of in the main garbage
dumpster on the east side of the parking garage with special care to assure that garbage pickup will
occur within 24 hours.
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CHAPTER 4  BACTERIA COLLECTION & PROCESSING

4.1 COLILERT® SYSTEM

The Colilert system utilizes prepackaged reagents which include additives to support the growth of
coliform bacteria in addition to specific compounds that react with coliforms in general and E. coli
specifically. Two options are available, Colilert-18 and Colilert-24,used for the simultaneous
detection and confirmation of total coliforms and E. coli in fresh waters. The only difference
between Colilert-18 and Colilert-24 is the incubation time, indicated by the number after Colilert
(ie. 18 hours or 24 hours). When total coliforms metabolize Colilert‘snutrient indicator reagent,
ONPG (O-Nitrophenyl--d-galacotpyranoside), the reaction produces an easily recognized yellow
color.  When E. coli metabolizes Colilert- nutrient-indicator, MUG (4-Methumbelliferyl-8-d-
glucoronide) the sample fluoresces. Colilert-can simultaneously detect these bacteria at 1 cfu/100
ml within 18 to 24 hours for Colilert 18 to 22 to 28 hours for Colilert 24. The test is effective and
free of interference in waters with population densities of other heterotrophic bacteria up to
10,000 cfu/100 ml. Non-coliform bacteria that also have these enzymes are suppressed, for the
incubation period, by other reagents in the media.

EPA refers to Colilert® as MMO-MUG while Standard Methods for the Examination
of Water and Wastewater refers to Colilert® as a chromogenic substrate.

containing sufficient Colilert-18 reagent for a 100 ml water sample. The reagents

@ Catalog #WP020-18 and WP200-18 contain 20 and 200 Snap Packs respectively, each
should be stored at 4-25°C away from light.

Samples are collected wearing gloves and using a sealed, sterile 100ml bottle submerged in the
stream while facing upstream. The bottle should be opened and recapped under water during
sampling so that surface contaminants are not sampled. Samples must be chilled and processed
within six hours of sample collection.

4.1.1 QUANTI-TRAY/2000 ENUMERATION PROCEDURE
Gloves must be worn during all bacteria sampling, handling, and processing.

1. Turn on sealer. It will take approximately 15 minutes to warm to operating temperature.
2. Verify that the incubator is operating at 35 +/-0.5°C.
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»*

3.

4.

2

10.
11.
12.

13.

FIGURE 4.1. Colilert Sealer (

left) and incubator (right).

Check level of water in bottle against 100ml line, if too much water is present, decant to
the 100ml line.

Pour the contents of one reagent packet into each sample bottle. When opening the
reagent packets, avoid inhaling the media.

Cap vessel and shake gently until dissolved and allow the foam at the top the bottle to
settle. Chilled samples will take longer to dissolve the reagent. A hot water bath can be
used to warm chilled samples prior to adding reagent.

Use a permanent marker to label the foil side of the Quanti-Tray with the following:

Site

Date

In: (incubation time)

Out (time when you read the sample - will be blank for now)

L: (# of large wells positive for E. Coli - will be blank for now)

S: (# of small wells positive for E. Coli - will be blank for now)

Use one hand to hold a Quanti-Tray upright with the well side facing the palm. Gently
pull foil tab to separate the foil from the tray. Avoid touching the inside of the foil or tray.

Squeeze the upper part of the Quanti-Tray so that the Quanti-Tray bends towards the
palm.

Pour the reagent/sample mixture directly into the Quanti-Tray avoiding contact with the
foil tab. Tap the small wells to release any air bubbles.

Empty wells do not affect the test interpretation as long as the entire sample volume is
in the tray. An empty or partially filled well is interpreted the same way as a full well.

Place the samplefilled Quanti-Tray onto the Quanti-Tray/2000 rubber insert of the
Quanti-Tray Sealer with the well side (plastic) of the Quanti-Tray facing down.

Once all samples have been processed note the “time in the incubator” on the back of the
Quanti-Tray and place the samples in the incubator.

Remove samples from the incubator after 18-22 for Colilert 18 and 24-28 hours for
Colilert 24.

Wells that are yellow under plain light are positive for total coliforms.
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Wells that are yellow and then fluoresce under a black light are positive for E. coli.
Wells that are just flouresent or yellow are negative for E. coll.

Sample results are obtained by counting and recording the number of large and small
yellow, fluorescing wells. Once the number of large and small wells is obtained the “most

probable number” (MPN) is recorded from the MPN table (TABLE 4.3).
14. Results must be noted on the field sheets, field notebook, or some other type of record.

Dilutions can be done if the results are expected to be greater than 2419 cfu/100ml. High cfu

counts may be experienced during storm run-off events, high recreational periods, and

downstream of known fecal pollution sources. When performing dilutions two sample bottles are

collected for each site (FIGURE 4.2).

o The first bottle is processed following the standard processing procedures outlined above;

° Using the second sample bottle, pipette 10ml of the sample into an empty IDEXX bottle.
Then repeat using a 1ml and 0.1ml pipette into separate IDEXX bottles. Add deionized
water to each bottle filling them to the 100ml line;

° Prepare samples following the procedures outlined above.
° Multiply the dilution ratio by the result for each sample (TABLE 4.2)
° Enter the result from the dilution bottle with the greatest amount of sample that is not too

numerous to count and add the dilution flag (See Section 10.4.4). In the example given in

TABLE 4.2, the value of 25,040 CFU/100 mL would be entered into the database.

MPN Value

' 100% | Toonumeroustocount | 1 | Too numerous to count |
10% Too numerous to count lO Too numerous to count
1% 250.4 100 25,040 CFU/100 mL
0.1% 47 1000 47,000 CFU/100mL

TABLE 4.1. Example of dilution results using Colilert.
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0.1 ml

1ml

10 ml

T IIIIIIHIH/ Wm

100% 10% 1% 0.1%

FIGURE 4.2. Bacteria dilutions of 100%, 10%, 1% and 0.1% for sites with bacteria that are expected to
be greater than 2419.6 CFU/100 mL The brown liquid is the sample, while the blue is deionized water.

Values <1 on the MPN table should be entered into the WQDB with the lab notation
of “LT” and the detection limit of 1 CFU/100 mL.

Purpose. To avoid the unique constraint problem in the database simply enter
“DUP” into the “Lab ID” value to make it different than the “regular” sample.
Otherwise the database will not let you save.

@ Duplicate Values should also be stored in the WQDB using the “D” for the Evaluation

If multiple dilutions were made, the lowest dilution result should be entered into the Water
Quality Database with the appropriate lab qualifier. Other dilution results may be added to
sample comment field.

All waste generated by using the Colilert- method is considered a biohazard. The waste material
(gloves, bottles, trays, etc) must be placed in red biohazard bags for proper disposal.

Appearance

Colorless or slight tinge Negative for total coliforms and E. coli

Yellow equal to or greater than the comparator | Positive for total coliforms

Yellow and fluorescence equal to or greater | Positive for E. coli
than the comparator

TABLE 4.2. Result Interpretation table for Presence/Absence Procedure

Note: 1. Look for fluorescence with a 6 watt, 365 nm, UV light within 5 inches (13 cm) of
the sample. Face light away from your eyes and towards the sample.
2. Samples are negative if at any time after 18 hours (Colilert-18) or 24 hours

(Colilert-24) there is no yellow and/or fluorescence.
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3. Yellow or yellow/fluorescence observed before 18 or 24 hours is a valid positive.
However, after 22 or 28 hours from inoculation, heterotrophs may overwhelm
Colilert inhibition system. Therefore, yellow or yellow/fluorescence first observed
after 22 hours from inoculation is not a valid positive.

A slight tinge may be observed when Colilert- mediais added to the sample.

Colilert-can be run in any multiple tube format. Standard Methods for the Examination of
Water and Wastewater MPN tables should be used to find Most Probable Number.

Some water samples containing humic material may have an innate color. If a water
sample has some background color, compare inoculated Colilert-sample to a control blank

Do not dilute sample in buffered water. Colilert-media is already buffered.
Colilertis a primary water test. Colilert-performance characteristics do not apply to

In samples with excessive chlorine, a blue flash may be seen when adding Colilert-. If this

Aseptic technique should be always followed when using Colilert-. Dispose of waste in

Fill bottle to line with DI (sterile) water. Process sample as listed in the Quanti-Tray/2000

After the incubation period, none of the wells should be yellow or fluoresce. If this occurs
then the sample lot associated with the failed QC should be disregarded and not recorded
in the database. Section 10.6.2.3 has additional information on blank contamination.

All deleted data must be noted in the WQDB by using the “REJECTED DATA DUE
TO QA/QC PROBLEMS” event. All data within the run to the point of the next
blank QC sample should also be deleted and flagged also. In the event comments field
indicate what data was rejected and why. For example, “E. Coli duplicate value out of

Collect a duplicate sample in the same manner as the original sample. Collect both

4.1.2 PROCEDURAL NOTES
[ ]
[ ]
[ )

of the same water sample.
[ )
o

samples altered by any pre-enrichment or concentration.
[ ]

is seen, consider sample invalid and discontinue testing.
[ ]

accordance with good laboratory practices.
4.1.3 QUALITY CONTROL PROCEDURES
4.1.3.1 Blank Collection and Acceptance Criteria
1.

Enumeration Procedure (section 4.1.2).
2.

range”.

4.1.3.2 Duplicate Collection and Acceptance Criteria
1.

samples as close in time as possible.
2. Process duplicate sample in same manner as the original.
3.

To determine if a duplicate sample is in range of the original, the IDEXX MPN Generator
is used (shown below)

. Enter Method (Colilert or Colilert-18)

. Enter E. Coli as Analyte

. Enter number of large wells and small wells

REVISED MARCH 2015 91



STANDARD OPERATING PROCEDURES FOR SURFACE WATER QUALITY SAMPLING

. Click calculate
" IDEXX MPN Generator == =

Exit Options.. About..

Log to File Mame; [the extenzsion will be .czv, do not enter the file extension, i.e., "tk or "xls' etc.)
[default directomy iz J:NWADYSwface W ater Sectiondonitaring Lnit)

Sample Date: (MMADDAYYY] Analpst _[Dptional] Method [Qptional)
e i | Calilest |
Sample [D: [max 256 characters) J » Analte
| JE. coli |
L orle Y
#
[uanti-Tray® [uanti-Tray®/ 2000 Sy Quan-ti-T rap® /2000
Positive Wells Positive Large Wellz Paositive Small \Wells
(Ot &1] L |[Oto 43) [Oto 48]
|43 22 K
& -
MPH / 95% Confidence Limit =
1 [!U Lower Upper . I
T87.3 24549 BE7.0

Calculate | Log | Newst Tray |

T AT T T ATY SATTTETE TOESTTIT T IO FIITe T FToT TTTETTIITTET

4. The Generator will give the MPN and the 95% confidence range. The duplicate sample's
95% confidence range must fall with-in the range or have overlapping ranges for the
duplicate sample to be accepted.

All deleted data must be noted in the WQDB by using the “REJECTED DATA DUE
TO QA/QC PROBLEMS” event. All data within the run to the point of the next
duplicate QC sample should also be deleted and flagged also. In the event comments
field indicate what data was rejected and why. For example, “E. Coli duplicate value
out of range”.

Blank samples should have a value of <1 MPN (ie. No wells fluorescing or yellow). If a
well is positive for coliforms or E-Coli, add an event to the WQDB and delete the
“regular sample.”

4.2 LAKE SAMPLING LOCATIONS FOR BACTERIA

Bacteria concentrations can be monitored at any location on the lake. Typically, there are
negligible quantities of bacteria at deep-water sampling sites. In order to determine the threat of E.
coli to public health, the samplers should consider taking several samples at beaches or docks.
There is a 6 hour maximum holding time between the time of sampling and the time the bacteria
are placed in the incubator.
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# Large IDEXX Quanti-Tray®/2000 MPN Table (per100m)
Wells # Small Wells Positive
Positive 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22 23 24
0 <1 1.0 2.0 3.0 4.0 50 8.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.1 15.1 16.1 171 18.1 19.1 20.2 21.2 22.2 233 243
1 1.0 20 3.0 4.0 50 6.0 74 8.1 a1 101 1.1 121 13.2 14.2 15.2 16.2 17.3 18.3 19.3 204 214 224 235 245 256
2 20 3.0 4.1 5.1 6.1 71 8.1 92 10.2 1.2 122 133 143 15.4 16.4 174 18.5 19.5 20.6 216 227 23.7 248 258 26.9
3 31 4.1 5.1 6.1 7.2 8.2 92 103 13 124 134 145 155 16.5 17.6 18.6 19.7 208 218 229 239 250 261 271 28.2
4 41 5.2 6.2 7.2 8.3 93 104 114 125 135 146 156 16.7 178 18.8 19.9 21.0 220 231 242 253 26.3 274 285 29.6
5 5.2 6.3 7.3 8.4 94 105 115 12.6 13.7 14.7 15.8 16.9 17.9 19.0 20.1 21.2 222 23.3 24.4 255 26.6 27.7 28.8 29.9 31.0
6 6.3 7.4 84 95 106 116 127 13.8 149 16.0 17.0 181 19.2 203 214 225 236 247 258 26.9 280 29.1 30.2 313 324
7. 75 8.5 9.6 10.7 118 128 139 15.0 161 17.2 18.3 194 205 216 227 238 249 26.0 271 283 294 305 31.6 328 339
8 8.6 9.7 108 1.8 13.0 1441 15.2 16.3 174 185 196 207 218 229 241 25.2 26.3 274 28.6 29.7 308 32.0 33.1 343 35.4
9 98 10.9 120 131 14.2 153 164 176 18.7 19.8 208 220 232 243 254 26.6 277 289 30.0 31.2 323 335 34.6 358 37.0
10 11.0 12.1 13.2 144 15.5 16.6 17.7 18.9 20.0 211 223 234 246 257 26.9 28.0 29.2 30.3 315 327 338 35.0 36.2 374 38.6
11 12.2 13.4 145 15.6 16.8 179 191 202 214 225 237 248 260 272 283 295 30.7 319 33.0 34.2 354 36.6 37.8 39.0 402
12 13.5 14.8 158 16.9 18.1 193 204 216 228 239 251 263 275 288 298 31.0 322 334 34.6 35.8 37.0 38.2 39.5 40.7 419
13 14.8 16.0 1741 183 185 206 218 230 242 254 266 278 290 302 31.4 326 338 35.0 36.2 375 387 39.9 41.2 424 43.6
14 16.1 17.3 185 19.7 208 2241 233 245 257 269 281 293 305 317 33.0 34.2 354 36.7 379 391 404 41.6 42.9 44.2 454
15 17.5 18.7 19.9 211 223 235 247 259 272 284 296 309 3241 333 34.6 35.8 371 38.4 39.6 40.9 42.2 434 44.7 46.0 47.3
16 18.9 201 213 226 238 250 26.2 275 287 300 312 325 337 350 36.3 375 388 401 414 427 44.0 453 46.6 479 49.2
17 203 2186 228 241 253 266 278 291 303 316 328 341 354 36.7 38.0 39.3 40.6 419 43.2 445 459 47.2 48.5 49.8 51.2
18 218 23.1 243 256 26.9 281 294 307 320 333 346 359 372 385 39.8 411 424 438 451 46.5 47.8 49.2 50.5 51.9 53.2
19 233 24.6 259 272 285 298 311 324 337 350 36.3 376 390 403 416 43.0 443 457 471 484 49.8 51.2 526 54.0 55.4
20 249 26.2 275 288 30.1 315 328 34.1 354 36.8 38.1 395 40.8 42.2 43.6 44.9 46.3 47.7 49.1 50.5 51.9 53.3 54.7 56.1 57.6
21 265 279 292 305 318 332 345 359 373 386 400 414 428 441 455 46.9 484 498 51.2 526 541 55.5 56.9 58.4 59.9
22 28.2 295 309 323 336 35.0 364 377 39.1 405 419 433 448 46.2 47.6 49.0 50.5 519 534 54.8 56.3 57.8 59.3 60.8 62.3
23 299 313 32.7 341 355 368 383 397 411 425 439 454 468 48.3 49.7 51.2 527 54.2 55.6 571 58.6 60.2 61.7 63.2 64.7
24 31.7 3311 345 358 373 388 40.2 417 431 446 46.0 475 490 505 52.0 53.5 55.0 56.5 58.0 59.5 61.1 62.6 64.2 65.8 67.3
25 33.6 35.0 36.4 379 39.3 408 42.2 437 452 46.7 48.2 48.7 51.2 52.7 54.3 55.8 57.3 58.9 60.5 62.0 63.6 65.2 66.8 68.4 70.0
26 355 36.9 384 399 414 428 443 459 474 48.9 504 520 535 551 56.7 58.2 59.8 61.4 63.0 64.7 66.3 67.9 69.6 7.2 729
27 374 38.9 404 420 435 450 465 481 496 512 528 544 56.0 576 58.2 60.8 624 64.1 65.7 674 69.1 70.8 725 74.2 759
28 395 41.0 426 441 457 473 48.8 504 520 536 55.2 56.9 58.5 60.2 61.8 63.5 65.2 66.9 68.6 70.3 720 73.7 75.5 773 79.0
29 4.7 43.2 448 464 480 496 512 528 545 56.1 578 595 61.2 629 64.6 66.3 68.0 69.8 15 73.3 751 76.9 78.7 80.5 824
30 43.9 45.5 47.1 487 50.4 52.0 53.7 554 57.1 58.8 60.5 62.2 64.0 65.7 67.5 69.3 71.0 729 74.7 76.5 78.3 80.2 82.1 84.0 85.9
N 46.2 47.9 495 51.2 529 54.6 56.3 58.1 59.8 616 63.3 65.1 66.9 68.7 705 724 74.2 76.1 78.0 79.9 81.8 83.7 85.7 87.6 89.6
32 48.7 504 521 53.8 556 573 59.1 60.9 627 645 66.3 68.2 700 719 738 5.7 77.6 795 81.5 835 854 87.5 89.5 915 3.6
33 51.2 53.0 54.8 56.5 583 60.2 62.0 63.8 65.7 67.6 695 714 733 752 77.2 79.2 81.2 83.2 85.2 87.3 89.3 91.4 936 95.7 97.8
34 53.9 55.7 576 594 61.3 63.1 65.0 67.0 68.9 70.8 728 748 76.8 788 80.8 829 85.0 87.1 89.2 914 93.5 95.7 97.9 100.2 1024
35 56.8 58.6 60.5 624 644 66.3 68.3 70.3 723 743 76.3 784 805 826 84.7 86.9 89.1 91.3 93.5 957 98.0 1003 1026 1050 1073
36 59.8 61.7 63.7 65.7 67.7 69.7 717 738 759 78.0 80.1 823 845 86.7 88.9 91.2 935 95.8 98.1 1005 1029 1053 107.7 1102 1127
37 62.9 65.0 67.0 69.1 712 733 754 776 798 82.0 842 865 88.8 911 93.4 95.8 98.2 1006 103.1 1056 1081 1107 1133 1159 1188
38 66.3 68.4 706 727 749 771 794 816 839 86.2 88.6 81.0 934 958 98.3 1008 1034 1059 1086 1112 1139 1166 1194 1222 1250
39 70.0 72.2 744 76.7 789 813 836 86.0 88.4 908 934 959 984 1010 1036 1063 1090 1118 1146 1174 1203 1232 1261 1292 1322
40 73.8 76.2 785 80.9 83.3 85.7 88.2 90.8 933 95.9 985 1012 1039 1067 1095 1124 1153 1182 1212 1243 1274 1305 1337 1370 1403
M 78.0 80.5 83.0 855 88.0 90.6 933 959 98.7 1014 1043 1071 1100 1130 1160 1191 1222 1254 1287 1320 1354 1388 1423 1459 1495
42 82.6 85.2 87.8 905 93.2 96.0 988 101.7 1046 1076 1106 1137 1169 1201 1234 1267 1301 1336 1372 1408 1445 1483 1522 156.1 160.2
43 87.