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Water Chemistry
Field Study Manual

Portions adapted from: U.S. Geological Survey, variously dated, National field
manual for the collection of water-quality data: U.S. Geological Survey
Techniques of Water-Resources Investigations, book 9, chaps. A1-A9, available
online at http://pubs.water.usgs.gov/twri9A.
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Water Chemistry Parameters

Dissolved oxygen (DO)—-a measure of the amount of oxygen gas (O;) dissolved in
water. The amount of DO in a body of water depends on several factors. Strong
currents or other water movement, such as waves, can churn the water and increase
the amount of dissolved oxygen. The temperature of water also affects DO
concentration; oxygen, and other gases, is generally more soluble in cold water than in
warm water. Other chemicals dissolved in the water can also affect DO concentration.
Generally, the higher the concentration of dissolved substances, including salts, the
lower the DO concentration. Oxygen can also enter the water through the atmosphere
or by plant photosynthesis. Oxygen levels can be decreased by respiration of
consumers and decomposers. DO levels are generally highest in the afternoon and
lowest in the very early morning, roughly corresponding with the periods of plant
photosynthesis and respiration. Aquatic organisms acquire oxygen in a variety of ways,
which usually involves diffusion of oxygen from the surrounding water into the
organisms’ cells. Fish and many other aquatic animals absorb oxygen through
specialized structures, called gills. Very low DO levels can cause suffocation of aquatic
animals, but very high DO levels can also be harmful. Rapid changes in DO can cause
stress to organisms, which can lead to death.

Carbonate Hardness—a measurement of mineral content in water, specifically calcium
and magnesium. Calcium and magnesium occur in natural waters as calcium carbonate
(CaCOs3) and magnesium carbonate (MgCOs3). Carbonate hardness specifically
measures the level of carbonate (CO3%) and bicarbonate (HCOs') ions. Sometimes,
alkalinity is measured rather than total hardness; alkalinity is only a measure of calcium
carbonate. Rocks and minerals are natural sources of hardness. Sewage outflow can
also contribute carbonate minerals. Carbonate minerals play a role in regulating pH and
can help remove dissolved toxic metals from the water. Although hardness is not
directly linked to effects on aquatic organisms, carbonate minerals play a role in
regulating pH, which has direct effects on the health of organisms.

pH-a measure of the concentration of hydrogen ions (H") in water. pH is measured on a
logarithmic scale, where pH = -log [H']. The pH scale ranges from 0 to 14, with pH
values of <7 being acidic, =7 being neutral, and >7 being basic. pH is affected by the
amount of carbon dioxide dissolved in the water, the substrates in the body of water, the
geology and soils of the watershed and drainage from the watershed, and air pollution.
Air pollution can cause acid rain, which can decrease the pH of the body of water into
which the rain falls. Most aquatic organisms can survive a range of pH 6-9. pH values
outside of this range are harmful, especially to juvenile organisms.

Phosphate (PO4*)-a nutrient required by all organisms. Phosphate occurs naturally in
rocks, but can be introduced to the environment through runoff of cleaning products,
fertilizers, or animal waste. Phosphate mining, industrial discharge, drinking water
treatment, and land-use change can all impact the amount of phosphate that enters
bodies of water. Excess phosphate can lead to a process called eutrophication, in which
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nutrient inputs cause small planktonic photosynthesizers to grow and reproduce very
rapidly in a process called “blooming.” Blooming is not sustainable for extended periods
of time. The blooming of these small organisms leads to decreases in oxygen during the
night and other periods of low light. These blooms also lead to increases in organisms
that consume the bloomers and subsequent increases in decomposers, which eat the
consumers and the bloomers as they both die off). This cycle of rapid growth,
consumption, death, and decomposition often results in periods with DO concentrations
below levels needed to sustain resident organisms. Large amounts of biotoxins are also
often produced by blooming plankton and decomposers.

Salinity—a measure of the dissolved salt content of water. Ocean water has, on
average, a salinity of 35 ppt. Salinity in ocean water is due to minerals carried by rivers
from continental materials and geologic processes that occurred when the oceans
formed. Salinity can be affected by evaporation and freshwater input from rain, rivers,
and glacial melting. Most marine and freshwater organisms have a narrow range of salt
tolerance, however, some organisms that live in environments like tidepools and
estuaries have a wide range of salt tolerance.

Temperature—a measure of the average kinetic energy of molecules, which is usually
recorded on a recognized scale, such as Celsius. Water temperature impacts and is
impacted by physical, chemical, and biological processes. Temperature. in large bodies
of water is generally controlled by the climate and currents in a region. In small pools or
shallow lakes, temperature is affected by shading from rocks or vegetation, water flow
rate, and water depth. Additionally, industrial discharge or sewage outflow can decrease
or increase the temperature of the surrounding waters, an effect called thermal
pollution. Changes in water temperature can change density, chemical speciation (the
forms of chemical compounds present in the water), and metabolic and reproductive
processes in living organisms. Some organisms are able to withstand a wide range of
temperatures, whereas others can be adversely affected by even a small change in
temperature.

Turbidity—a measure of how clear or cloudy the water is. Turbidity can be caused by
biogenic and abiogenic particles in the water, such as plankton, microscopic organisms,
organic debris, sand, or silt. Biological factors, such as decay of plants and animals,
benthic organisms that stir up sand and sediment, and algal blooms can increase
turbidity. Water movement, such as flow, waves, runoff, or flooding, can stir up or carry
particles. Wastewater carries many types of suspended solids, so wastewater discharge
can increase turbidity. Particles associated with high turbidity can block light from
reaching plants, slowing down photosynthesis, which can impact dissolved oxygen
levels. If the water is very cloudy, aquatic organisms may be less able to see and catch
food. Particles can clog fish gills and smother other organisms. Suspended particles
also provide a surface for bacteria and pollutants to attach to, causing other water
quality problems.
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Carbon Species

Carbonate (CO;*)—relates to water hardness, pH, and carbon dioxide levels.
Carbonate occurs naturally in bodies of water and generally comes from dissolved rocks
and minerals. Sewage outflow is a non-natural source of carbonates.

Some organisms need carbonate to build calcium carbonate shells or skeletal
structures. Depending on the method used, carbonate and pH can be used to determine
carbon dioxide levels, rather than measuring carbon dioxide directly.

Carbon dioxide (CO2)-when dissolved in water, reacts to form carbonic acid, which
can decrease the pH of the water. Carbon dioxide dissolves in water through contact
with the atmosphere and through respiration. While carbon dioxide is part of the natural
carbon cycle, burning of fossil fuels and land use change can increase the
concentration of carbon dioxide in the atmosphere, which in turn increases the
concentration of carbon dioxide in the ocean. Changes in carbon dioxide and pH can
affect organisms and other chemical process. In the ocean, changes in carbon dioxide
are generally buffered, or kept relatively constant, by the presence of carbonate and
bicarbonate ions. However, increased carbon dioxide concentration can lead to the
decrease of availability of carbonate to organisms that build calcium carbonate
structures.

Nitrogen Species

Ammonia/Ammonium—Ammonium (NH,") is the ionized form of ammonia (NH3). The
total amount of ammonia in water is the sum of ammonia and ammonium. Ammonia is
the least stable form of nitrogen in water and is easily converted to nitrate or nitrogen
gas. The form of ammonia depends on the pH and temperature of the water. Sources of
ammonia include sewage pollution and industrial or pesticide runoff. High
concentrations of ammonia can affect the hatching and growth rates of fish, and
damage gills, liver, and kidneys. Because ammonia can be converted to nitrate, excess
ammonia results in many of the same effects on natural systems as excess nitrate.

Nitrate (NO3")—a nutrient that is essential for the growth of photosynthetic organisms,
including phytoplankton and algae. Nitrate occurs in water as part of the natural nitrogen
cycle, but excess nitrate can be introduced into the environment by agricultural
fertilizers, sewage discharge, or runoff from livestock areas. Nitrates can also be
introduced into the air by fossil fuel burning, leading to acid rain, which can affect nitrate
levels in bodies of water. Excessive nitrate concentration can cause problems for
marine life. In fish, excess nitrate can cause “brown blood disease,” in which nitrate
reacts with hemoglobin and prevents the blood from carrying oxygen. If nitrate levels
are high, algae and phytoplankton can grow in large quantities, in events called blooms.
During and after blooms, as plants die, bacteria decompose them, a process that uses
up the oxygen in the water, called eutrophication. If oxygen levels drop too low, many
aquatic organisms will not have enough oxygen to live, resulting in die offs and events
called fish kills, where large numbers of fish perish.
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Nitrite (NO2")—a form of nitrogen that is present in the natural nitrogen cycle. It is

generally very short-lived, because it is converted to nitrate by bacteria. Nitrite has
similar sources and effects as nitrate.

Hawai‘i Water Quality Standards

Each state sets its own water quality standards for natural bodies of water. These are
the water quality standards set by the State of Hawai‘i Department of Health. The dry

season is May through October; the wet season is November through April.

Coastal Wetlands

| Open Coastal Water

Average Limit

Nitrate + Nitrite

70 ug/L wet season
30 ug/L dry season

5.00 ug/L wet season
3.50 ug/L dry season

3.50 ug/L wet season

Ammonia o 2.00 ug/L dry season
Turbidit 5.0 NTU wet season 0.50 NTU wet season

y 2.0 NTU dry season 0.20 NTU dry season
pH 5.5<x<8.0 8.1+/-0.5

http://gen.doh.hawaii.gov/sites/har/AdmRules1/11-54.pdf
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Water Sampling Methodology

Questions to Consider When Developing a Sampling Scheme

Purpose *  Why are you collecting this data?

. * How will the samples represent the time and space in
Representativeness

which they are collected?

* What measurements will you make?

*  What instruments or tests will you use?

Measurements ¢ What types of samples will you need?

* How will you prepare your equipment before your field
study?

* How can you get most accurate and precise data?
Accuracy and
- * How can you avoid error?
Precision

* What quality control can you practice?

* What are you measuring?

Contamination * What might contaminate your sample relative to what you

are measuring?

* How can you avoid contamination?

* How will you choose sites that meet the purpose of your
study, the types of data you need, and the
equipment/methods you have available to you?

Sampling Sites « What physical characteristics in the area might impact the

chemistry of the water?

* What biological characteristics in the area might impact

the chemistry of the water?
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* What human impact might have an effect on the chemistry

of the water?

* |s water flowing in one direction and should you sample a

transect along that flow?
* Might depth play a role in water chemistry?

* Might there be a difference in water chemistry at different
depths?
* Have samples been collected in this area before? If so,

where and what sampling scheme was used?

* How can you cover the study area within time and other

constraints?

* What conditions in the environment could affect your
Environment sampling? What might you need to change about your

scheme based on changes in the environment?

* What safety measures do you need to take to protect
yourself in and around the water? With chemicals? Near
Safety dangerous animals/plants?

* What safety measures do you need to take to protect the

environment?

* What supplies do you need in the field?

[} i . )
Supplies How will you prepare these supplies”

* What consumable supplies will you need extras of

(deionized water, batteries, gloves, pencils, etc)?
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Water Collection and Testing Procedure

Clean all sampling and testing
containers before going into field

Wash with soap and water
Rinse three times with tap water

Rinse three times with deionized water

Collecting samples

Use clean hands/dirty hands technique
Wear gloves

Don’t touch contaminating substances

(equipment, food, etc)

Do not touch sample with gloved or ungloved
hands!

Rinse collection container once with water to

be collected
Collect water sample, cover with lid

Leave sample covered as much as possible to

avoid contamination

Reagent methods

In between samples, rinse three times with tap
water, three times with deionized water, then

three times with small amount of sample

Probe methods

If necessary, rinse probe with DI water in

between samples

All testing methods

Follow procedure specified for method
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Measurement Procedure and Considerations for Selected Parameters

Dissolved oxygen- Using the Vernier Dissolved Oxygen (DO) Probe
1. Warm up: The probe needs to be connected to the LabQuest for 10 minutes and
be in the 'on' position. If it becomes disconnected or turned off, the warm-up
must be restarted from the beginning.

2. For more accurate measurements, the probe should be calibrated once a year.

3. DO readings need to be adjusted for salinity. The data can be gathered by using
the Vernier conductivity probe and calculated using the equation and table in the
manual.

4. The probe works based on the reduction of oxygen between a platinum cathode
and silver/silver chloride anode over a gas-permeable membrane. This is a key
reason that the probe needs to be moved and swished in the sample water while
testing. If left in a stationary position, the data will continue to decrease in value.

Carbonate Hardness- Using the Carbonate Hardness test kit by Tetra

This test is a crude titration test where each drop is one degree of hardness (dGH).
Generally, carbonate levels trend directly with pH. In ocean water, carbonate hardness
should fall between 8-10 dGH. Ensure the sample is mixed well after each drop.

pH- Using the Vernier pH Sensor Probe
1. When using these probes with a LabQuest, calibration is usually not needed and
readings are accurate to +/- 0.02 pH.

2. Be sure to rinse with deionized water and store in the long-term buffer pH-4/KCl
solution after use.

Salinity-Using a Refractometer
1. Make sure to rinse with deionized water and dry completely with a wipe that will
not leave lint.

2. Each reading should be done by the same person and facing the same direction
to the sun for consistency.

Salinity- Using the Vernier Conductivity Probes
The probe measures conductance, the inverse of resistance, between two electrodes as
ions flow between them.
1. The probe reads salinity between 0 and 13 ppt, but ocean water is around 35 ppt,
so the sample must be diluted.
a. Measure 10 mL of ocean water.
b. Add 30 mL of deionized water, to produce a sample that is 25% of the original
concentration.
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c. Measure the conductivity of the diluted sample and multiply by four to get the
conductivity of the original sample.

2. Rinse with deionized water before and after each sample. Before measuring a
new sample, rinse with a small amount of that sample to remove the deionized
water.

3. Ensure the electrode is completely submerged, but not the handle, which is not
waterproof.

4. Swirl gently for 5-10 seconds until the reading stabilizes.

Temperature

Alcohol thermometers rely on the expansion of that liquid in a small, calibrated space.
Temperature probes work on a similar physical characteristic. The probe tip has two
dissimilar metals welded together to create a joint. As the temperature at that joint
changes the metals expand or contract different amounts and therefore have different
levels of electrical resistance. The smaller that joint or welding is, the more accurate the
instrument will be at getting a temperature at a specific point. Therefore, thermistors,
the larger probes, covered in a metal housing, are less point accurate than a
thermocouple, the smaller probe with only wires. In an aquatic sample, both should be
sufficiently accurate.

Turbidity

Turbidity can be measured with electronic probes, with a Secchi disk, which is lowered
into water and then raised until a mark can be seen and that distance noted, or with a
turbidity tube.

Carbon dioxide
Carbon dioxide can be determined from a table if pH and carbonate hardness are
measured.
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Clean Hands/Dirty Hands Technique

Clean Hands/Dirty Hands techniques help to keep samples from being contaminated.
The technique requires two or more people working together.

At the field site, at least one person is designated as Dirty Hands (DH) and at least one
person is designated as Clean Hands (CH). The DH people are primarily in charge of
collecting the samples, and the CH people are primarily in charge of conducing the
tests. However, some tasks overlap and can be handled by either DH or CH people, as
long as care is taken to prevent contaminating the sample. CH and DH both wear
appropriate gloves during the entire sampling and analysis process.

DH takes care of all operations involving contact with potential sources of
contamination.

DH:
- Prepares and operates sampling equipment, including probes
- Sets up and calibrates field-measurement instruments

- Measures and records water levels and field measurements

CH takes care of all operations involving equipment that contacts the sample.
CH:

- Handles the sample container

- Prepares a clean work space

- Places equipment in clean workspace

- Sets up field-cleaning equipment and cleans equipment
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Types of Data Representation in Water Chemistry
The following are some examples of how to represent data collected doing a chemical
survey of an environment. Use these examples as jumping off points; there are many

other valid ways to display data!

Do you want to show the relationship of one or more variables with depth for one
point? If yes, use a vertical profile line graph, as in Figure 1.
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Figure 1. Vertical profile line graph of potassium (K) and calcium (C) by depth.
http://www.academicjournals.org/ajest/fulltext/images/Mar/Bam%20et4.jpg
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Do you want to show the relationship of one variable with depth across a
transect? If yes, use a contour depth plot, as in Figure 2.
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Figure 2. Contour plot of salinity versus depth across a transect. Each numbered red

circle is a station, or sampling site.
http://psc.apl.washington.edu/northpole/Sslices2000.html

Do you want to show the distribution of one parameter over an area? If yes, use a
contour map plot, as in Figure 3.

Weekly Average SST 2011/01/30 - 2011/02/05
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Figure 3. Contour map plot of sea surface temperature (SST).
http://en.wikipedia.org/wiki/File:Weeklysst.gif
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Do you want to look for or show a relationship between two variables? If yes, use
a scatter plot with a linear regression, as in Figure 4.
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Figure 4. Scatter plot of nitrite plus nitrate versus temperature, with linear regression.
http://ars.sciencedirect.com/content/image/1-s2.0-S0967064504000967-gr2.jpg
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