Water Quality Division
Field Methods Manual
May, 2012

7~ _VERMONT

DEPARTMENT OF ENVIRONMENTAL CONSERVATION

Vermont Agency of Natural Resources
Department of Environmental Conservation
Water Quality Division
1 National Life Drive, Main 2
Montpelier, VT 05620-3522

802-828-1535
www.vtwaterquality.org



Table of Contents
1. Introduction
2. Field Work Code of Practice

3. Physical Parameter Methods
3.1. TEMPERATURE
3.1.1. Field Thermometer
3.1.2. Thermistor
3.2. WATER TRANSPARENCY
3.2.1. Lentic Waters: Secchi disk transparency
3.2.2. Lotic Waters: Transparency tube
3.3. STREAM FLOW
3.3.1. Background
3.3.2. Principals of flow gauging using Pygmy, AA, or Marsh McBirney Meters
3.3.3. SonTek Flowtracker Acoustic Doppler Current Meter
3.4. TIME OF TRAVEL MEASUREMENTS
3.4.1. Background
3.4.2. Dye Injection
3.4.3. Direct Dye Measurements
3.4.4. Indirect Dye Measurements
3.5. FIELD PH
3.5.1. Definition
3.5.2. Background
3.5.3. Great Lakes pH meter (Model 819)
3.5.4. Hanna HI 9025 pH meter
3.5.5. Hanna HI 9023 pH meter
3.6. FIELD CONDUCTIVITY
3.6.1. Definition
3.6.2. Overview
3.6.3. Hanna HI 9033 conductivity meter
3.7. MULTIPLE PARAMETER PROBE
3.7.1. Background
3.7.2. Hydrolab multiprobe
3.7.2.1.Hydrolab Minisonde 4 and Surveyor 4
3.7.2.2.Hydrolab Minisonde 4a and Surveyor 4a
3.8. RAINFALL
3.8.1. Hobo Rainfall Gauge

4. General Water Sample Collection Methods
4.1. SAMPLE CONTAINERS AND SAMPLE PRESERVATION
4.1.1. Ambient Surface Water
4.1.2. Metals



4.1.3. Bacteriology
4.1.4. Anion/Nutrients
4.1.5. Organics- Volatile
4.1.6. Organics- Semi-Volatile (Base neutrals, acids), PCB, pesticides
4.1.7. Parameter Summary Chart
4.1.8. Sample Maximum Holding Times
4.2. MANUAL WATER SAMPLE COLLECTION PROCEDURES
4.2.1. Grab Samples
4.2.2. Hose Sampling
4.2.3. Kemmerer Water Sampler
4.2.4. Peristaltic Sampling Pump
4.3. ACCEPTABLE SAMPLING DEVICES FOR VARIOUS CHEMICAL
PARAMETERS
4.4. SAMPLE DEVICE CLEANING TO PREVENT SAMPLE CONTAMINATION
4.5. ASSESSING AND CONTROLLING SAMPLE CONTAMINATION

. Parameter Specific Water Collection Methods
5.1. DISSOLVED OXYGEN
5.2. BACTERIOLOGICAL SAMPLES
5.3. VOLATILE ORGANIC SAMPLES
5.4. OIL AND GREASE
5.5. METALS
5.5.1. Earth Metals and Target Analytes (Priority Pollutants)
5.5.2. Commonly requested metals
5.5.3. Mercury
5.6. CHLOROPHYLL-A SAMPLES
5.7. SEMI-VOLATILE ORGANIC SAMPLES
5.8. POLYCHLORINATED BIPHENYLS, PESTICIDES

. Biological Collection Method
6.1. PHYTOPLANKTON
6.1.1. Vertical Qualitative Sampling- Plankton Net
6.1.2. Horizontal Qualitative Sampling- Plankton Net
6.1.3. Composite Quantitative Sampling- Hose
6.1.4. Discrete Quantitative Sampling- Kemmerer
6.1.5. Discrete Quantitative Sampling- Plankton Net
6.2. ZOOPLANKTON
6.2.1. Vertical Qualitative Sampling- Plankton Net
6.2.2. Vertical Quantitative Sampling for trace metal burdens in zooplankton
6.2.3. Horizontal Qualitative Sampling- Plankton Net
6.2.4. Composite Quantitative Sampling- Plankton Net
6.2.5. Discrete Quantitative Sampling- Shindler or Juday Traps
6.3. MACROPHYTES
6.3.1. Qualitative Aquatic Plant Surveys
6.4. AQUATIC BIOTA- MACROINVERTEBRATES
6.4.1. Lotic Semi-Quantitative Benthic Survey



6.4.2. Lotic Quantitative Benthic Survey
6.4.3. Physical Characteristics — Lotic and Lentic Habitats
6.4.4. Lentic Qualitative Littoral Zone Benthic Survey
6.4.5. Lentic Semi-Quantitative Benthic Survey
6.4.6. Lentic Quantitative Benthic Survey
6.5. FISH
6.5.1. Stream Sampling
6.5.2. Lake Sampling
6.6. MACROINVERTEBRATE LABORATORY SAMPLE PROCESSING
METHODS
6.6.1. General
6.6.2. Macroinvertebrate Sample Density
6.6.3. Taxa Richness and EPT Richness
6.6.4. Chironomidae and Oligochaeta Identification

7. Miscellaneous Collection Methods
7.1. Field Sample Filtering
7.2. Automatic Sampling Devices
7.3. Lake Sediment Sampling for Trace Metals

8. Chain of Custody

9. Sample Log-In

10. Safety
10.1. General Policy
10.2. Basic Rules
10.3. Chemical Ratings

10.3.1. Introduction
10.3.2. Flammability Rating
10.3.3. Reactivity Rating
10.3.4. Contact rating
10.3.5. Carcinogens
10.3.6. Chemical Chart
10.4. Material Data Safety Sheets

11. References

12. Appendix A. Hydrolab Standard Operating Procedure



1. Introduction

This document replaces the 1989 Vermont Department of Environmental Conservation
(VTDEC) Field Methods Manual. That document covered all VTDEC field methods for
collecting solids, liquids and air samples. Since then, other Divisions within the
Department have written their own field methods; narrowing the scope of this document
to include only the field procedures typically used by the Water Quality Division. Many
of the methods remain in their original form (Secchi, temperature, pH) while others have
evolved (biological monitoring) and some are brand new (river morphology methods and
multiprobes). Because many of the programs have developed detailed protocols, this
document will provide an overview and refer to those detailed Quality Assurance Plans,
protocols, methodologies when appropriate.

This manual does not include methods used by the River Management Program within
Water Quality. Their field methods are described in two separate documents:

(a) the Vermont Stream Geomorphic Assessment Phase 2 Handbook. Rapid
Stream Assessment Handbook (2003) and;

(b) the Vermont Stream Geomorphic Assessment Phase 3 Handbook. Survey
Assessment. Field and Data Analysis Protocols (2003).

Other program-specific field methods are referenced individually through out this
document.



2. Water Quality Division Fieldwork Code of Practice

These guidelines are intended for anyone conducting fieldwork in aquatic habitats.
Aquatic non-native species, such as non-native fishes, zebra mussels, and Eurasian
milfoil have been frequently reported from across the state. Fish diseases such as
Whirling Disease are less extensive but when present in a waterbody can be of great
concern. These guidelines are intended to prevent the spread of non-native species or
transmission of disease from one locale to another.

Non-native species or disease can be carried in a variety of ways between
waterbodies via hands, footwear or equipment of fieldworkers. This can result in the
detrimental introduction of exotic species into localities containing native species
which have had no prior contact with the pathogens or non-native species.

Therefore it is important for those involved in fieldwork in aquatic habitats where
non-native species or diseases are present, to take steps to minimize the spread of
disease or nuisance species between study sites.

1. Arrange field visits so that uncontaminated sites are visited first and sites with
known non-native species are visited last in the day.

2. Inspect all equipment prior to and after use. Remove mud, snails, algae,
aquatic plants and other debris from equipment if present. This includes, but
is not limited to: nets, traps, boots, float tubes, vehicle tires, boats, trailers,
anchors, anchor chains and all sampling equipment.

3. Avoid cleaning equipment in the immediate vicinity of the waterbody. All
equipment should be washed and dried before using it again. Allow
equipment to dry in the sun, but if limited by time, or if between sampling
sites, a towel may be used.

4. These procedures are used for sites known to have zebra mussels or whirling
disease. When working at sites with known or suspected nuisance species
and/or disease problems, or when sampling populations of rare or isolated
species, wear disposable gloves and change them between handling each
animal. (Used disposable gloves should be retained for safe disposal in sealed
bags.) Dedicate sets of nets, boots, traps and other equipment to each site
being visited. Clean and store them separately at the end of each field day.

5. Drain water from motorboats and leave drain plug out. Run engine with salt
water which is stored on the VTDEC Laboratory loading dock. Use every day
to kill zebra mussel veligers and other non-native larva within the boat engine.

6. See Section 4.4.2. Biological contamination for specific recommendations on
preventing the spread of whirling disease.



3. Physical Parameter Methods

3.1. TEMPERATURE

3.1.1.

1)

2)
3)

3.1.2.

1)

2)

Field Thermometer (non-mercury)

Thermometers must first be calibrated against a National Bureau
Standards (NBS) thermometer and the correction factor should be
recorded on the upper end of the thermometer.

Keep field thermometers in a protective case at all times.

To determine the temperature, immerse thermometer in the water sample
for at least one minute. Keep the thermometer immersed in the water
while reading the temperature. Record to the nearest degree, after adding
the correction factor to the thermometer reading.

Thermistor

Thermistors must be calibrated electronically every year by certified
technicians. A two-point calibration bracketing the expected temperature
range should be conducted. The probe line should be measured every year
and re-marked if necessary.

To operate meter:

a) Plug the probe into the meter.

b) Unwrap cable from the spool and lower the weighted probe into the
water.

c) Turn the meter on with the toggle switch.

d) The probe line is marked in meters. Lower the probe to the desired
depth, beginning at the lake surface if a profile is to be taken. Record
the temperature in degrees Centigrade, to the nearest tenth degree. Be
sure the meter has stabilized before taking each reading.

e) When finished, turn the meter off, unplug the probe, and rewind the
cable on the spool.



3.2. WATER TRANSPARENCY

3.2.1. Lentic Waters: Secchi Disc
Transparency. Secchi Disk

1) Background: On lakes and ponds,
the most common measurement for
water transparency is the Secchi
disk. It consists of a 20 cm metal
disk painted with alternating black
and white quarters. This disk is attached to a line marked in meter
increments. The optimum conditions for determining Secchi disc
transparency are at mid-day on calm water.

2) Method:

a) Lower the Secchi disc over the shaded side of the boat and remove
sunglasses. Sun glare off the surface of the water interferes with
accurate measurement.

b) Lean over the side of the boat with your face as close to the water's
surface as possible.

c) Lower the disc slowly until it just disappears from view, and then raise
it back up until it is barely visible. The Secchi disc transparency is the
deepest depth at which the disc is still visible.

d) The line attached to the Secchi disc is marked in meters. Estimate the
Secchi disc depth to the nearest tenth meter by reading the marked line
at the water's surface.

e) If the Secchi disk is visible resting on the bottom, the actual Secchi
disk transparency cannot be measured. It is important to note that the
transparency was at least the depth to the bottom of the lake. Record
the Secchi transparency as “>” the total depth or by placing a “B” to
indicate that the Secchi hit bottom.

For Secchi instructions specific to the Vermont Laying Monitoring Program, please refer
to the Vermont Lay Monitoring Program Manual, 2000 edition.



3.2.2. Lotic Waters: Transparency Tube.

1) Background
Transparency tubes are used on running waters to measure clarity and
suspended solids. The tube allows the user to collect shallow water and
determine its transparency and relative turbidity. It consists of a clear
plastic tube, marked off in centimeters with a Tygon tube closure valve on
a Tygon release tube at the bottom.
2) Method:
a) Fill the transparency tube with river or stream water, making sure to
stand downstream of the sampling point.
b) Peer into the top of the tube. If the black and white painted disk is
visible, record the transparency as “>” the total depth in cm.
c) If the painted disk is not visible, slowly release water through the
valve at the bottom of the tube, until the disk is visible. Record the
transparency in cm.
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3.3. STREAM FLOW

3.3.1L

Background

Stream flow, or discharge, is defined as the volume rate of flow, normally
expressed in cubic feet per second (cfs). Conversion to metric units of cubic
meters per second may be made by dividing by 35.31 cfs/cms.

3.3.2.
1)

2)

3)

4)

5)

6)

7)

Principals of flow measurement:

Stream flow estimation is made by summing the products of the partial
areas of the stream cross-section and their respective average velocities.
Hydraulically, at each subsection the point velocity at 60% of the depth
(0.6d) below the water surface is approximately equivalent to the average
velocity in the vertical velocity profile. Place the measuring rod and meter
at this location in the water column. This measurement represents the
average velocity for a subsection starting midway between the last
location of the meter and the present location and ending midway to the
next location. Remember the subsection limits when deciding where to
position the rod when irregularities in the streambed (i.e. boulders) are
encountered.

Measure as many subsections as is practical in order to get reasonably
accurate results. The general rule is to have no more than 5% of the flow
in any given subsection. Therefore, readings should be closer together
where there are greater depths and/or velocities. The 5% rule is primarily
for larger streams. On small streams, measurements 1 to 2 feet apart will
suffice. Take a minimum of ten readings.

It is good practice to make two discharge measurements using two
different cross sections of the stream as a check on accuracy.

Current meters can be used effectively in most stream situations and in
canals and flumes; however, if the velocities and/or depths are too low or
the streambed too irregular, alternate techniques should be used in order to
achieve a reasonable level of accuracy. Weirs, flumes, or volumetric
techniques (i.e., a bucket or graduated cylinder) should be used.
Generally, flow meters should not be used where the stream depths and
velocities are less than 0.3 feet and 0.2 feet per second (fps) across most of
the section.

Occasionally shallow or slow velocity conditions may be dealt with by
physically constricting the flow in order to increase depths and/or
velocities.

If possible, large rocks and debris should be removed from the area of the
section. After the section is modified, measurements should not be started
until flow conditions have stabilized. Try to select a section that does not
have complex flow patterns, eddies, or cross currents.

10



3.3.3. SonTek Acoustic Doppler Current Meter - Flowtracker.
The flowtracker unit will be used in the field as described by Section 5 of
the Operation Manual [FlowTracker Handheld ADV® Operation Manual
Firmware Version 2.4 Software Version 1.20 (December 2003)]. Data
processing and download will be performed per Section 6 of the Operation
Manual.

11



3.4. TIME OF TRAVEL MEASUREMENTS

3.4.1. Background

Note: The Water Quality Division no longer routinely conducts time of travel
measurements. These historical methods are included in this version of the Field
Methods Manual for reference purposes only.

Time of travel measurements provide information regarding the time required for
a discrete mass of water to pass through a particular river reach and is dependent
upon a number of physical variables including stream gradient, velocity, flow and
river bed characteristics. Time of travel measurements involve the slug injection
of a fluorescent tracer dye (Rhodamine WT) at the head of the river reach during
stable flow conditions and the subsequent fluorometric detection of the dye at the
tail end of the reach.

3.4.2. Dye Injection
1) Equipment
a. Rhodamine WT dye
b. flow measuring apparatus
c. notebook
2) Obtain the following information on the study reach:
a. The discharge at the time of dye injection.
b. The length of the reach in miles.

c. The estimated velocity within the reach. This should be based on
actual velocity measurements combined with knowledge of the
physical characteristics of the reach.

3) Choose a dye injection site where good mixing can be achieved quickly.
Dumping the dye immediately above a riffle will facilitate distribution of the
dye.

4) Determine the amount of dye to dump using the following equation and the
information obtained in (1) above.

Volume Dye = 3.4 X 10™ (Q-L)/V
Where:
Q =river discharge (cfs)
L = length of reach (miles)
V = mean velocity (fps)

12



5) Apply appropriate amount of dye to the river. Avoid getting the dye on skin or
clothing.

6) Record the time and site of dye injection in a field notebook.

3.4.3. Direct Dye Measurement

1) Equipment

a) Fluorometer (Turner Model I11) equipped with the following
accessories:

e Flow-through sample door

e Primary filter #110-823 (Corning 546)

o #590 combination secondary filter

e #110-851 lamp (carry one spare)

e Strip chart recorder

b) Submersible pump with waterproofed extension cord.
c) Intake hose requires female connectors on both ends.
d) Outlet hose - female connector on one end.

e) Gasoline powered 120 volt AC generator.

f) Plug-in volt meter.

g) Floatation buoy and anchor.

h) Fluorometer operation manual.

i) Chart paper.

J) Gasoline and oil for generator.

k) Extension cord for fluorometer.

I) Stop watch.

m) Tools and spare parts necessary for equipment repair.

2) Procedure

a)

b)

Set up the fluorometer and generator near the stream bank. Attach the
intake hose to the lower part of the fluorometer door and the outlet
hose to the upper part. Attach the other end of the inlet hose to the
submersible pump.

Using the float and anchor, suspend the pump in the water column in
the main flow of the stream. Be sure the pump is not in contact with
the bottom to avoid the intake of sediment.

13



d)

9)

h)

)

K)

Check the generator gas and oil. Start the generator and check the
voltage. It should be between 110 and 130 volts. If not, adjust the idle
until the output is within this range.

Plug in the fluorometer and pump. The pump will immediately begin
to draw water. At all times, plug in the pump before turning on the
fluorometer and turn the fluorometer off before unplugging the pump
So as to avoid damage to the fluorometer due to voltage fluctuations.

Turn on the fluorometer and start the lamp by holding the lamp toggle
switch up for five seconds and releasing. Open the door and check to
make sure the lamp is lighted.

Set the sensitivity setting to the most sensitive position (30x). Adjust
the detector dial to a reading of about five using the adjustment knob
next to the dial. This is to adjust for background fluorescence.

Check the strip chart recorder to insure an adequate supply of paper.
Record the date, river reach, river flow, time of dye injection and staff
names on the strip chart.

Turn on the strip chart recorder and run until a steady baseline is
established for five to ten minutes. Record the sensitivity setting on
the strip chart. The recorder may be turned off at this point until the
leading edge of the dye plume is first detected by the fluorometer.

When the detection dial of the fluorometer begins to move upward,

indicating the arrival of the leading edge of the dye plume, turn the

recorder back on and record the time on the strip chart. Do not shut
off the equipment until the entire dye plume has passed.

The dye concentration should increase rapidly. As the dial approaches
90, quickly change the sensitivity level to the next setting (10x) and
record the new sensitivity setting on the strip chart. Record the time
on the strip chart periodically. Repeat to the 3x and 1x levels as
needed. If the reading goes off the high end of the scale at the 1x
sensitivity level, record the time on the strip chart, turn off the strip
recorder and wait for reading to come back on scale. Then turn on the
strip chart again and record the time.

At some point, the concentration will peak and then decrease. In most
cases the decrease will be much slower than the increase as the dye has
a tendency to tail off behind the initial concentration. As the
concentrations decrease, adjust the sensitivity settings to maintain a
dial reading above 10. Be sure to record all sensitivity changes on the
strip chart.

At the detection point, the dye plume will not be visible. The
dispersion of the dye plume will vary depending on the physical
characteristics of the reach. A series of pools and riffles will tend to
stretch the plume out, whereas more uniform velocity characteristics

14



will maintain a more compact plume, in most cases, the shape of the
plume.

m) When the concentration approaches the background level turn off

recorder and record the time on the strip chart, turn off the fluorometer
BEFORE unplugging the pump. Remove the strip chart from the
recorder.

3.4.4. Indirect Dye
1) Equipment

a)

b)

2)

ISCO automatic sampler with individual bottles. (See section 7.2. for
operating instructions.)

Fluorometer (Turner Model I11) equipped with the following
accessories:

e cuvette sample door
e primary filter #110-823 (Corning 546)
e #590 combination secondary filter
e #110-851 lamp
e cuvettes
Procedure

a. Estimate when the leading edge of the dye will reach the
sampler location and program an appropriate delay into the
sampler.

b. Estimate the time necessary for all of the dye to pass the
sampler. The sampler holds 28 bottles. Use the first bottle to
determine if the sampler is functioning properly and for use as
a background fluorescence blank. Divide the time by 27 to
determine the sampling interval and program the interval into
the sampler. An example: The dye will take about 9 hours to
pass through - 9 hours x 60 min./hour - 540 min./27 = 20 min.
sampling interval.

c. Collect the samples when the sampler has finished. Use the
fluorometer to determine if the dye concentration is at
background level. If it is not, set up the sampler again with new
bottles.

d. Use the fluorometer to determine the dye concentration in each
bottle.

15



3.5. FIELD PH

3.5.1. Definition
pH is defined as the negative logarithm of the hydrogen ion concentration.
The greater the concentration of hydrogen ions, the lower the pH value. The
pH scale ranges from 0 to 14 with 7 being neutral. A pH below 7 is acidic, a
pH above 7 is basic or alkaline. The pH scale is logarithmic, therefore a pH
of 5 is 10 times more acidic than a pH of 6 and 100 times more acidic than a
pH of 7. pH changes immediately with temperature and as it interacts with
air and any suspended solids. Readings should be measured as soon as
possible, and sample temperature should be recorded.

3.5.2. Background
‘Measurement of pH is one of the most important and frequently used tests
in water chemistry. Practically every phase of water supply and wastewater
treatment, e.g., acid-base neutralization, water softening, precipitation,
coagulation, disinfection, and corrosion control, is pH-dependent. pH is
used in alkalinity and carbon dioxide measurements and many other acid-
base equilibria. At a given temperature the intensity of the acidic or basic
character of a solution is indicated by pH or hydrogen ion activity.

The pH value of a highly dilute solution is approximately the same as the
negative common logarithm of the hydrogen ion concentration. Natural
waters usually have pH-values in the range of 4 to 9, and most are slightly
basic because of the presence of bicarbonates and carbonates of the alkali
and alkaline earth metals.” (Standard Methods for the Examination of Water
and Wastewater - APHA (1998) pp. 4-86 to 4-87.)

3.5.3. pH electrodes

1) Selection: For low pH solutions (<pH 6), use a calomel electrode. For
high pH solutions (>pH 10), use a “low sodium error” electrode. For
solutions closer to neutral, a standard
pH probe is adequate.

2) Storage: Note: Never store a pH {
probe in distilled water.
For short period of times (<1 S
week), pH electrodes should be SEEES 4}%
stored with their fill hole covered !
and the ceramic junction Outer Fillng | //
submerged in electrode- storage s {\ L ismameiing s

solution. For non-refillable
probes, cover the ceramic junction

with a protective cap filled with Y o
. — Ceramic Junction
electrode storage solution. Sensing Bulb
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For longer period of times, the sensing bulb of the pH probe should be
covered with a protective cap filled with storage solution and the fill
hole covered.

3) Maintenance: The solution level in refillable electrodes should be checked
frequently and replenished as needed with the appropriate electrolyte. Gel
filled reference electrodes leak the slowest but are not refillable and will
generally run out of reference solution in about a year. These should be
replaced every 6 months. If crystals form inside a refillable electrode, or
if the pH probe starts to drift or respond slowly, drain the filling solution
and replace.

4) Care: Avoid wiping the bulb of a pH electrode. Electric static may occur
and cause polarization.

3.5.4. Great Lakes pH Meter (Model 819)

1) General
These portable pH meters are available for use by Agency of Natural
Resources staff and may be borrowed from the Biomonitoring and Aquatic
Studies Section (241-3777). This field meter is highly susceptible to
moisture. Do not attempt to perform field pH measurement on wet or
rainy days. Simply collect the sample and perform the analysis in a
vehicle or nearby building.
2) Equipment needed:
a) pH meter
b) pH electrode
c) Kimwipes
d) Distilled water
e) Sample cup (glass or plastic beaker)
f) pH buffers (4, 7 and/or 10)
3) Calibration and Measurement Procedure
a) When calibrating a pH meter, use fresh certified standard pH buffers.
The two buffers selected should be no more than 3 pH units apart and
should bracket the expected pH value. Use pH 4, pH 7 and/or pH 10
buffers dailly. Top off the pH electrode with 4m KCI electrode filling
solution if the level drops below the fill hole. Rinse out and refill the
electrode if the solution has crystallized at the tip. .
b) Attach the pH electrode to the BNC connector and turn meter on to
“pH”.
c) Using a thermometer, take the temperature of the buffers and set
temperature control accordingly.
d) Rinse electrode with distilled water and gently pat dry with a
Kimwipe.
e) Put electrode in buffer 7 solution and allow reading to stabilize. Then
calibrate by adjusting pH knob to 7.00.
f) Take out the electrode and rinse thoroughly with distilled water. Blot
dry and place electrode in buffer 4 or 10 solution (you may need to

17



9)

h)

reset the temperature control if the buffers are not the same
temperature). When the meter has fully stabilized, adjust the mV/pH
knob to 4.00 or 10.00.

Rinse the thermometer with distilled water and blot dry with a
Kimwipe. Determine the temperature of the sample. Collect sample
in a well rinsed sample bottle or beaker. Do not attempt to take a pH
measurement in flowing water because of the likelihood of drift
causing an inaccurate result.

Adjust temperature control to proper temperature of the sample. Place
rinsed electrode into sample and allow meter to stabilize. This meter
may take up to 2 minutes.

3.5.5. Hanna waterproof portable pH meter (Model 9025)

1) General
This meter is primarily used by the Long-Term Monitoring Program for
acid sensitive lakes (VLTM). It is equipped with a calomel reference
electrode which more accurately measures low ionic strength (low pH)
solutions.

2) Equipment needed:
a) pH meter
b) pH electrode
c) Kimwipes
d) Distilled water
e) Sample cup (glass or plastic
beaker)
f) pH buffers (4, 7 and/or 10)

3) Calibration

a)

b)
c)

d)

When calibrating a pH meter, use fresh certified standard pH buffers.
The two buffers selected should be no more than 3 pH units apart and
should bracket the expected pH value. Use pH 4, pH 7 and/or pH 10
buffers daily. Ensure that the electrode filling solution is above the
ceramic junction and at least one inch above the sample level when
immersed (see pH electrode figure in section 3.5.3). If not, fill
electrode with 4m KCI electrode filling solution. Rinse out and refill
the electrode if the solution has crystallized.

Attach the pH electrode to the BNC connector and turn meter on.
Remove protective cap from pH electrode tip. Rinse pH electrode and
ATC probe with distilled water and pat dry with a Kimwipe.

Put electrode in buffer 7 buffer solution, stir gently and press “CAL”
button. Display will flash “CAL” and “NOT READY”. The bottom

18



4)

3.5.6.
1)

9)

of the screen displays the buffer the meter is looking for. The default
value for the first buffer is 4. Use the up and down arrow keys (q\°C
or W°C) to bring the value to 7.01. When reading has stabilized, the
meter’s screen will read “CAL, READY”, and “CON” will be
flashing. Press “CFM” to confirm the first calibrant.

Rinse pH electrode and ATC probe with distilled water and pat dry
with a Kimwipe.

Put electrode in pH 4 buffer solution and stir gently. Make sure the
lower right corner display reads “BUF 2 4.01 pH”.

Display will flash “CAL” and “NOT READY” until the reading for
the second buffer has stabilized. When reading has stabilized, the
meter’s screen will read “CAL, READY”, and “CON” will be
flashing. Press “CFM” to confirm the second calibrant. If the second
buffer is pH 10, use the up and down arrow to adjust the value for the
second buffer. The meter is now calibrated and ready to read samples.

Measurement Procedure

a)

b)

c)

Rinse pH electrode and ATC probe with distilled water and pat dry
with a Kimwipe. Rinse sample cup with distilled water, then rinse
sample cup with sample water.

Dip probe into sample water and gently stir. Wait for reading to
stabilize. Record reading.

Turn off meter. Replace cap on probe filled with buffer solution to
prevent wick from drying out. Cover filling hole on pH probe with
protective sleeve.

Hanna portable waterproof pH meter (Model 9023)
Calibration

a)

f)

9)

When calibrating a pH meter, use fresh certified standard pH buffers.
The two buffers selected should be no more than 3 pH units apart and
should bracket the expected pH value. Use pH 4, pH 7 and/or pH 10
buffers daily. Fill up the pH electrode with 4m KCI electrode filling
solution if the level drops below the hole. Rinse out and refill the
electrode if the solution has crystallized at the tip.

Attach the pH electrode to the BNC connector and turn meter on with
“ON/OFF” toggle button.

Remove protective cap from pH electrode tip. Rinse pH electrode and
ATC probe with distilled water and pat dry with a Kimwipe.

Put electrode in buffer 7 buffer solution, stir gently and press “CAL”
button.

The temperature compensated pH value will flash on the screen. Wait
for the “pH” symbol to stop flashing, then press the “CFM” key.
Rinse pH electrode and ATC probe with distilled water and pat dry
with a Kimwipe.

Place the pH probe into the second buffer (4 or 10) and stir gently.
When the reading stabilizes, the “pH” symbol will stop flashing. Press
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the “CFM” key to complete the two point calibration. The meter is
now calibrated and ready to read samples.

2) Measuring the pH of solutions.

a)

b)

c)

Rinse pH electrode and ATC probe with distilled water and pat dry
with a Kimwipe. Rinse sample cup with distilled water, then rinse
sample cup with sample water.

Place probe in sample water and gently stir. Wait for reading to
stabilize. Record reading.

Turn off meter. Replace cap on probe filled with buffer solution to
prevent wick from drying out.
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3.6. FIELD CONDUCTIVITY

3.6.1. Definition
Conductivity is the ability of an aqueous solution to conduct an electrical
charge. Conductivity, or specific conductance can be correlated to the water’s
ionic strength. By using a conductivity meter the electrical charge is defined
by a numerical expression.
3.6.2. Overview
Most freshwater lakes and rivers in Vermont have specific conductance
values ranging from 10 to 1000 uS/cm. Remote acid sensitive water bodies
which are low in nutrients and buffering capacity typically have values less
than 25 uS/cm. The opposite is found in highly buffered, enriched or
otherwise polluted water bodies where values will be considerably higher.
Runoff of road salt into neighboring waterbodies also yields high
conductivities.

The analysis is performed using a conductance meter and a cell (probe). The
meter and cell should be calibrated frequently using potassium chloride
standards of known conductance. Use standards with values above and
below the expected range of the samples.

Suspended solids or humic acids will in time build up on the conductivity
cell and periodically need to be removed according to the manufacturer's
recommendations.

Conductivity samples have a 28 day holding time, but like most analyses, the
sooner analysis is performed the better. Contact with a plastic bottle alone
will slowly change the result, and thus immediate conductivity
measurements will eliminate this source of error.

In river sample analysis, the principle objective of field conductivity
measurements is to locate and trace a pollutant source or “plume". For
instance, conductivities should be expectedly higher below a treatment plant
outfall or in the vicinity of landfill leachate.
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3.6.3. Hanna HI 9033 portable waterproof conductivity meter

1) Calibration in laboratory
a) Unlike pH meters, a
conductivity meter need not be
calibrated daily. Turning off the
instrument will not affect the
meter’s accuracy. A standard
should be used at least weekly to
verify the accuracy of results.
Use a calibrant that is close to
the conductivity of the waters
being measured. The calibration
solution should be at 25°C when
measured.
b) Fill a clean beaker with
calibrant. Make sure probe is connected to the meter by pushing in the
plug and tightening the threaded pin. Rinse conductivity probe with
distilled water and pat dry with a Kimwipe. Rinse conductivity probe
with sample water. Dip probe into calibrant. Make sure that the
sample water is above the air release holes on the probe.

c) Turn meter on by pressing the “ON/OFF” button and select the
appropriate range (e.g.199.9 uS/cm). Tap the conductivity probe on
the bottom of the beaker in order to release any air bubbles caught
inside the probe.

d) Allow reading to stabilize.

e) Use a flathead screwdriver to adjust the calibration trimmer until the
meter reads the correct conductivity value. All measurement will be
temperature compensated to 25°C.

2) Measuring conductivity

a) Turn on the meter. Rinse the cell with distilled water and pat dry with
a Kimwipe.

b) Place cell into the sample making sure the water comes above the cell
holes. Drift may occur if the cell is placed directly in flowing water.
It is best to collect sample in a 1000 ml bottle and place the cell
directly into the bottle. After testing and recording result along with
temperature toss out the bottle. Do not carry out further parameter
analysis after contaminating sample with cell probe.

¢) With cell in sample bottle, select one of the four buttons with the
expected range of, i.e. 199.9 uS, 1999 pS, 19.99 mS or 199.9 mS.
Wait for the reading to stabilize and recorded the value (typically
within one minute).

d) Remove cell from bottle and rinse with distilled water. Pat dry cell
and return meter and cell to carrying case.
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3.7. MULTIPLE PARAMETER PROBE
3.7.1. Background

Multiple parameter probes are used in many water quality applications.
Currently, within the Water Quality Division, the Lake Assessment and
Biomonitoring Programs use them regularly to provide a snapshot of a basic
array of water quality parameters. These mutliprobes have two units: (1) a
sonde containing multiple probes which is submerged in a waterbody and (2)
a surveyor unit which stores the data.

Hydrolab minisonde unit Hydrolab surveyor unit

i ~MINISONDE oo ==

Model MS4A (c) 2002 Campbell Scientific (Canada) Corp.
Model S4A (c) 2001 Campbell Sciertific (Canada) Corp.

3.7.2. Hydrolab Minisonde 4 and Surveyor 4. The following protocol is entitled
the VTDEC Water Quality Division Hydrolab SOP. It has been reproduced
from Appendix C of the Vermont Nutrient Development Project Quality
Assurance Project (2004).

1) Equipment
« Hydrolab Minisonde
e Hydrolab Surveyor
e Hydrolab depth cable

Altimeter
Barometer

2) Parameters measured

o Temperature

« Dissolved Oxygen

. pH

o Conductivity

o Depth

3) Calibration

a) Laboratory calibration. The multiprobe should be calibrated each day

in the laboratory for best performance, and a minimum of once per
week. Follow the Hydrolab laboratory calibration, maintenance and
power charging schedule as outlined in the Hydrolab Standard
Operating Procedure in Appendix A of this document.
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3.7.3.

1)

2)

b)

d)

Field Calibration. Calibrate the dissolved oxygen by determining the

barometric pressure at each sampling site.

Annotating Files. Follow the following key strokes: Files, Svr4a,

Annotate, Select Program the data sho