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There are two components to collecting
water chemistry information: Collecting
samples of stream or river water to ship to the
analytical laboratory, and obtaining in situ
measurements of specific conductance, dis-
solved oxygen, and temperature. At each river,
teams fill one 4-L container and two 60 mL
syringes with river water. These samples are
stored in a cooler packed with plastic bags
filled with ice and are shipped or driven to
the analytical laboratory within 24 hours of
collection (see Section 3). The primary pur-
poses of the water samples and the field chemi-
cal measurements are to determine:

• Acid-base status (Acid Neutralizing
Capacity, ANC)

• Trophic condition (nutrient enrichment)

• Chemical Stressors

• Classification of water chemistry type.

Section 5
Water Chemistry and Microbiology

Alan T. Herlihy1 and Charles W. Hendricks2

Water from the 4-L bulk sample is used
to measure the major cations and anions, nu-
trients, total iron and manganese, turbidity and
color. The syringe samples are analyzed for
pH and dissolved inorganic carbon. Syringes
are used to seal off the samples from the at-
mosphere because the pH and dissolved in-
organic carbon (DIC) will all change if the
streamwater equilibrates with atmospheric
CO2. Overnight express mail for these
samples is required because the syringe
samples need to be analyzed, and the 4-L bulk
sample needs to be stabilized (by filtration and/
or acidification) within a short period of time
(72 hours) after collection.

In situ measurements are made using
field meters and recorded on standard data
forms. Specific conductance (or conductiv-
ity) is a measure of the ability of the water to
pass an electrical current which is related to
the ionic strength of a solution. Dissolved
oxygen (DO) is a measure of the amount of
oxygen dissolved in solution. In natural wa-
ters, minimal concentrations of oxygen are es-
sential for survival of most aquatic organisms.
Measures of DO and temperature are used to
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assess water quality and the potential for
healthy aerobic organism populations. Most
of the procedures outlined in this section are
similar to the ones utilized by the EPA in
streams for the National Surface Water Sur-
vey (Kaufmann et al., 1988) and have been
adapted from the Survey's field operations
handbook (U.S. EPA, 1989).

5.1 Microbial Sampling
Separate samples are collected for the

culture of bacteria that are present in water.
The organisms are living entities and respond
to fluctuations and nutrient stress just like
higher forms. They may be native to the wa-
ter or introduced to the stream or river by the
addition of human or animal contamination.
We are currently using culturing procedures
that can differentiate between the two events
based on relative numbers of bacteria of cul-
tured bacteria.

Samples of stream and river water are to
be taken in laboratory prepared sterile, glass
bottles. These square bottles are designed for
sample collection, transit and storage, and no
other container should be used for bacterio-
logical samples. Generally one (1) sample is
collected per site, but, duplicate (or triplicate)
samples from the same site may be requested
for statistical purposes. Occasionally, two (2)
or more samples at specific sites along a
stream or river reach may be requested. The
number of samples to be taken will be noted
on the field activity sheets.

Ideally, microbiological examination of
a water sample should begin promptly after
collection to avoid unpredictable changes in
the numbers of organisms present in the
sample. If samples cannot be processed within
1 hour after collection, an iced cooler for stor-
age during transport (overnight express mail)

to the laboratory must be used. All microbiol-
ogy samples are to be iced during transport
and refrigerated in the laboratory, while await-
ing analysis within 24 hours of collection.

5.2 Sample Collection
Before leaving the base location, pack-

age the sample containers (one 4-L cubitainer,
two 60 mL syringes, and two 200 mL sterile
glass bottles) and the stream sample beaker
to prevent contamination (see Section 3). Fill
out a set of water chemistry and microbial
sample labels as shown in Figure 5-1. Attach
a completed label to the cubitainer, each sy-
ringe, and each glass bottle and cover with
clear tape strips as described in Section 3.
Make sure the syringe labels do not cover the
volume gradations on the syringe. In the field,
make sure that the water chemistry labels all
have the same sample ID number (barcode),
and that the labels are securely attached. Also,
make sure the microbial labels all have the
same sample ID number (barcode), and that
the labels are securely attached.

The procedure to collect a water chem-
istry sample is described in Table 5-1. The
sample is collected from the middle of the
flowing stream whenever feasible or if the X
Site is not accessible take the sample from the
river channel at the last sample transect.
Throughout the sampling process, it is impor-
tant to take precautions to avoid contaminat-
ing the sample. Rinse all sample containers
three times with portions of stream water be-
fore filling them with the sample. Many sites
have a very low ionic strength and can be
contaminated quite easily by perspiration from
hands, sneezing, smoking, insect repellent, or
other chemicals used when collecting other
types of samples. Thus, make sure that none
of the water sample contacts your hands be-
fore going into the cubitainer. All of the chemi-
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cal analyses conducted using the syringe
samples are affected by equilibration with at-
mospheric carbon dioxide; thus, it is essential
that no outside air contact the syringe samples
during or after collection.

The procedure to collect a microbial
sample is described in Table 5-2. The sample
is collected from the middle of the flowing
stream or river channel at the last sample
transect. Collect samples that are representa-
tive of the water being tested and use aseptic
techniques to avoid sample contamination.
Take care to avoid contact with the bank or
stream bed; otherwise, contamination of the
sample may occur making it useless for analy-
sis.

Record the information from the sample
label on the Sample Collection Form as shown
in Figure 5-2. Note any problems related to
possible contamination in the comments sec-
tion of the form.

5.3 Field Measurements
Table 5-3 presents the procedures for

obtaining field measurement data for the wa-
ter chemistry indicator. The conductivity and
dissolved oxygen meters are checked in the
field using the same procedures as those used
at a base location (Section 3). The quality
control check sample solution (QCCS) is pre-
pared according to directions presented in
Section 3. The results of field checks of these
meters, as well as the measured values for
specific conductance, dissolved oxygen, and
stream temperature, are recorded on the Field
Measurement Form as shown in Figure 5-3.

5.4 Equipment and
Suppl ies

A list of equipment and supplies required
to collect samples and field data for the water
chemistry and microbiology indicator is pre-
sented in Figure 5-4. This checklist is similar

Figure 5-1. Completed sample labels for water chemistry and microbiology.
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Table 5-1. Sample Collection Procedures for Water Chemistry.

Collect the water samples from either the X site or the last transect in a flowing portion near the middle of the
river.

1. Rinse the 500 mL sample beaker three times with river water. Discard the rinse downriver.

2. Remove the cubitainer lid and expand the cubitainer by pulling out the sides. NOTE: DO NOT BLOW
into the cubitainers to expand them, this will cause contamination.

3. Fill the beaker with river water and slowly pour 30-50 mL into the cubitainer. Cap the cubitainer and
rotate it so that the water contacts all the surfaces. Discard the water downstream. Repeat the above
rinsing procedure two more times.

4. Collect additional portions of river water with the beaker and pour them into the cubitainer. Let the
weight of the water expand the cubitainer. The first two portions will have to be poured slowly as the
cubitainer expands. Fill the cubitainer to its maximum volume. Rinse the cubitainer lid with streamwater.
Eliminate any air space from the cubitainer, and cap it tightly. Make sure the cap is tightly sealed and not
on at an angle.

5. Place the cubitainer in a cooler on ice and shut the lid.

6. Submerge a 60-mL syringe halfway into the river and withdraw a 15-20 mL aliquot. Pull the plunger to its
maximum extension and shake the syringe so the water contacts all surfaces. Point the syringe
downstream and discard the water by depressing the plunger. Repeat the rinsing procedure two more
times.

7. Submerge the syringe into the river again and slowly fill the syringe with a fresh sample. Try not to get
any air bubbles in the syringe. If more than 1-2 tiny bubbles are present, discard the sample and draw
another one.

8. Invert the syringe (tip pointing up), and cap it with a syringe valve. Tap the syringe lightly to detach any
trapped air bubbles. With the valve open, expel the air bubbles and a small volume of water, leaving
between 50 and 60 mL of sample in the syringe. Close the syringe valve. If any air bubbles were drawn
into the syringe during this process, discard the sample and fill the syringe again (step 8).

9. Repeat Steps 6 through 8 with a second syringe. Place both syringes in a small plastic tote and store with
the cubitainer in an ice filled cooler. Keep samples on ice until they reach the laboratory.

10. Record the site number (Sample ID) on the Sample Collection Form along with the pertinent river
information (river name, ID, date, etc.). Note anything that could influence sample chemistry (heavy
rain, potential contaminants) in the Comments section. If you had to move to another part of the reach
to collect the sample, place the letter of the nearest transect in the "Station Collected" field. Record more
detailed reasons and/or information in the Comments section.
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Table 5-2. Sample Collection Procedures for Microbiology.

Collect the water samples from the last transect in a flowing portion near the middle of the stream. The
following procedures describe sampling of Non-Wadeable streams and rivers for bacterial analysis. These
techniques have been proven useful in evaluating indicators of functional diversity and sanitary
significance, including the quality of all types of waters.

1. Keep the sampling bottle closed until it is to be filled.

2. Remove stopper and cap as a unit; do not contaminate inner surface of stopper or cap and neck of
bottle.

3. Fill container without rinsing.

4. Water samples are taken from the upstream side of a boat by holding the bottle near its base in the hand
and plunging it, neck downward, below the water's surface. Turn bottle until neck points slightly
upward and mouth is directed toward the current.

5. If there is no current, as in the case of a reservoir, create a current artificially by pushing bottle forward
horizontally in a direction away from the hand.

6. If it is not possible to collect samples from these situations in this way, attach a weight to base of bottle
and lower it into the water.

7. When the sample is collected, leave ample air space in the bottle (at least 2.5 cm) to facilitate mixing at
later stages in the examination of the water.

8. Replace stopper or cap immediately and apply electricians tape around the neck to send the bottle. If
used, secure the hood around outside of the neck of the bottle and cap.

9. Place the microbial sample with the chemistry syringes in a small plastic tote and surround with ice in a
cooler.

10. Repeat steps 1 through 9 if duplicate or triplicate samples are desired.

11. Record the barcode number (Sample ID) on the Sample Collection Form along with the pertinent river
information (river name, ID, date, etc.). Note anything that could influence sample chemistry or
microbiology (heavy rain, potential contaminants) in the Comments section. If you had to move to
another part of the reach to collect the sample, place the letter of the nearest transect in the "Station
Collected" field. Record more detailed reasons and/or information in the Comments section.
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Figure 5-2. Sample Collection Form (page 2), showing data recorded for water chemistry and
microbial samples.
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Table 5-3. Procedures for Streamside and In Situ Chemistry Measurements.

Specific Conductance

1. Check the batteries and electronic functions (e.g., zero, "red line") of the conductivity meter as
instructed by the operating manual.

2. Insert the probe into the "RINSE" container of the quality control check sample (QCCS) and swirl for 3
to 5 seconds. Shake off the probe and transfer to the "TEST" container of QCCS; let stabilize for 20
seconds. Record the conductivity of the QCCS on the Field Measurement Form.

If the measured conductivity is not within 10% or 10 S/cm of theoretical value, repeat the
measurement process. If the value is still unacceptable, flag the conductivity data on the Field
Measurement Form.

3. Submerge the probe in an area of flowing water near the middle of the channel at the same location where
the water chemistry sample is collected. Record the measured conductivity on the Field Measurement
Form.

Dissolved Oxygen and Temperature

1. Inspect the probe for outward signs of fouling and for an intact membrane. Do not touch the electrodes
inside the probe with any object. Always keep the probe moist by keeping it inside its calibration
chamber.

2. Check the batteries and electronic functions of the meter as described in the operating manual. Record
the results of these checks on the Field Measurement Form.

3. Calibrate the oxygen probe in water-saturated air as described in the operating manual. Allow at least 15
minutes for the probe to equilibrate before attempting to calibrate. Try to perform the calibration as close
to stream temperature as possible (not air temperature) by using stream water to fill the calibration
chamber prior to equilibration. For doing the elevation correction, the elevation of the sample site is
given on the site Information sheet in the dossier for the site. Record the pertinent calibration
information on the Field Measurement Form.

4. After the calibration, submerge the probe in midstream at mid-depth at the same location where the
water chemistry sample is collected. Face the membrane of the probe upstream, and allow the probe to
equilibrate. Record the measured DO and stream temperature on the Field Measurement Form. If the DO
meter is not functioning, measure the stream temperature with a field thermometer and record the
reading on the Field Measurement Form along with pertinent data flags and comments.
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Figure 5-3. Field Measurement Form (page 1), showing data recorded for water chemistry.
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Equipment And Supplies For Water Chemistry

Qty. Item

1 Dissolved oxygen/Temperature meter with probe
1 DO repair kit containing additional membranes and probe filling solution
1 Conductivity meter with probe
1 500-mL plastic bottle of conductivity QCCS labeled "Rinse" (in plastic bag)
1 500-mL plastic bottle of conductivity QCCS labeled "Test" (in plastic bag)
1 500-mL plastic bottle of deionized water to store conductivity probe
1 Field thermometer
1 500 mL plastic beaker with handle (in clean plastic bag)
1 4-L cubitainer with completed sample label attached (in clean plastic bag)
2 60 mL plastic syringes (with Luer type tip) with completed sample labels

attached
1 200 mL sterile glass microbial bottles with completed sample label attached

(in clean plastic bag)
1 Plastic container with snap-on lid to hold filled syringes
2 Syringe valves (Mininert® with Luer type adapter, or equivalent, available

from a chromatography supply company)
1 Cooler with 4 to 6 plastic bags (1-gal) of ice OR a medium or large opaque

garbage bag to store the water sample at streamside
1 Sample Collection From
1 Field Measurement Form

Soft-lead pencils for filling out field data forms
Fine-tipped indelible markers for filling out labels

1 roll Electricians tape
1 copy Field operations and methods manual
1 set Laminated sheets of procedure tables and/or quick reference guides for water

chemistry and microbiology

Figure 5-4. Checklist of equipment and supplies for water chemistry.
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to the checklist presented in Appendix A,
which is used at the base location (Section 3)
to ensure that all of the required equipment is
brought to the Non-Wadeable stream or river.
Use this checklist to ensure that equipment
and supplies are organized and available at
the stream or river site in order to conduct the
activities efficiently.
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