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Introduction 

Welcome to the Georgia Adopt-A-Stream Chemical Monitoring manual. This document 
provides background information and directions for the program’s chemical monitoring 
protocols. The quality assured and quality controlled (QA/QC) procedures are 
standardized and approved through a US EPA Quality Assurance Project Plan (QAPP).  

Other QA/QC programs available through Georgia Adopt-A-Stream (AAS) include 
bacterial monitoring and macroinvertebrate monitoring. In addition, participants can 
choose from several other non-QA/QC programs and levels of involvement with AAS. 
More information on each of AAS’s programs and resources can be found in the 
Introduction to Water Quality Monitoring manual. 

The chemical water quality monitoring program helps to protect water quality and 
streams by: 

● Providing long-term information about the health of your local stream through 
regular monitoring; 

● Documenting both long-term trends and immediate changes in water quality; 
● Recording specific information about water quality parameters that are important 

to aquatic life, such as dissolved oxygen and pH. 

Chemical monitoring gathers information about specific water quality 
characteristics, providing an assessment of the stream’s water chemistry and thus its 
overall health. Chemical monitoring does not always test for the presence of specific 
chemicals or pollutants in the water. However, this data can sometimes be helpful in 
determining which pollutants may be affecting the health of the stream.  

In addition to basic visual observations and weather information, Adopt-A-Stream 
recommends monitoring these core parameters: 

● Temperature 
● pH  
● Dissolved Oxygen 
● Conductivity (Stream and Lake) 
● Salinity (Coastal) 
● Water Clarity (Coastal and Lake) 

CHEMICAL MONITORING 
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Additional parameters may also be monitored as interest and equipment allow. You can 
find some basic background information and suggested sampling methods for all AAS 
core parameters (listed above), as well as turbidity, total suspended solids, settleable 
solids, nitrates, phosphates, alkalinity, chlorophyll a, and chlorine in the Parameters 
section of this manual. Some groups may wish to work with a certified laboratory to 
sample these additional parameters. 

More information about designing your monitoring program can be found in the 
Introduction to Water Quality Monitoring manual. 

Sampling Protocol Overview 

Chemical testing should be conducted at least once a month at the same time and at the 
same location. Water quality and environmental conditions change throughout the day, 
so monitoring at approximately the same time of day will produce results that are more 
comparable. Also, chemical testing during or immediately after a rain event produces very 
different results than during dry conditions. Therefore, it is very important to record 
weather conditions. If conditions are unsafe for any reason, including high water or 
slippery rocks -- DO NOT SAMPLE! 

Field monitoring directions for each chemical test are found in the Field Monitoring 
Directions for chemical monitoring on the Adopt-A-Stream website; however, a few 
recommendations are listed below. 

1. Measure air and water temperature in the shade using the same instrument. 
Always take the air temperature first and avoid direct sunlight. 

2. Rinse glass tubes and containers twice with stream water before collecting a 
sample. 

3. Collect samples in a well-mixed area of flowing water, one foot below surface. 
If water is less than one foot deep, collect approximately one-third of the way 
below surface. Collect samples at base flow (aka “fair weather flow”) of the 
stream. 

4. For dissolved oxygen and pH, run two tests. If the tests are not within duplicate 
precision of each other, (aka the results are too different in value) run another 
test until duplicate precision is reached to ensure accuracy. Only results that 
are precise should be reported.  

Equipment List 

● Chemical testing kit for appropriate parameters & instructions  
● Conductivity meter & calibration solution (Stream and Lake monitoring) 
● Refractometer & calibration solution/distilled water (Coastal monitoring) 
● Secchi Disk (Lake and Coastal monitoring) 
● Waste container with fitted lid (old milk jug labeled as ‘Waste’ will work) 
● Rubber gloves & safety glasses 
● Chemical Data Form (found on the AAS website) 
● Bucket with rope (if sampling from a bridge or in deeper water) 
● Clear container or Whirl-pak® bag for the visual observations 

Commented [2]: JE: found on the ‘Field Monitoring 
Directions for Chemical Monitoring’ handout 
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● Pen/pencil 
● Clipboard  
● Trash bag to pick up litter 
● The Who to Call List (found on the AAS website) 
● First aid kit 
● Waders, boots, or old tennis shoes 
● Material Safety Data Sheets (MSDS) 

A shallow water monitoring kit (temperature, pH, and dissolved oxygen tests in 
waterproof monitoring case) and conductivity meter costs approximately $500. 
Chemicals will need to be replaced as they expire or if they become contaminated. A list 
of places to purchase equipment is located on the AAS website as well as in the appendix 
of this manual. Contact your local coordinator or the AAS state office to inquire about 
equipment loaning programs. 

Safety Note 

Read all instructions before you begin and note all precautions. Keep all equipment and 
chemicals out of the reach of small children. In the event of an accident or suspected 
poisoning, immediately call the Poison Control Center (1-800-222-1222). Avoid contact 
between chemicals and skin, eyes, nose or mouth. Wear safety goggles or glasses and 
nitrile gloves when handling chemicals. After use, tightly close all chemical containers. Be 
careful not to switch caps. 

Parameters 

● Temperature 
● pH 
● Dissolved Oxygen 
● Conductivity 
● Salinity 
● Water Clarity 
● Turbidity 
● Total Suspended Solids 
● Settleable Solids 
● Nitrates 
● Phosphorus 
● Alkalinity 
● Chlorophyll a 
● Chlorine 

Chemical Kit Maintenance 

Chemicals should be stored in a cool, dry 
place away from sunlight.  

Expired or contaminated chemicals must be 
disposed of properly as hazardous waste OR 
may be returned to the AAS office. 

Chemical waste can be flushed down the 
drain with water only if the facility is on a 
municipal sewer system.  

DO NOT FLUSH IF ON A SEPTIC 
SYSTEM! 

Contact a local coordinator or the AAS state 
staff for questions about equipment and 
reagent replacement, or with questions 
regarding chemical disposal.  
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Temperature 

Water temperature influences several other 
components in a stream ecosystem. Respiratory 
and metabolic rates of aquatic organisms are often 
governed by how hot or cold the water is, meaning 
temperature can be used to predict which 
organisms might be present in each system. A week 
or two of high temperatures may make a stream 
unsuitable for sensitive aquatic organisms, even if 
temperatures are within tolerable levels throughout 
the rest of the year. Benthic macroinvertebrates, for 
example, are sensitive to temperature changes and 
will move to a new part of the stream to find their 
optimal temperature. The optimal temperature of 
an organism may also change with each new stage 
of life. For example, fish larvae and eggs usually 
have stricter temperature requirements than adult fish.  

Temperature can also have an impact on other water chemistry parameters. For example, 
water at higher temperatures can dissolve more minerals from the surrounding rock and 
increase water conductivity. However, warm water holds less dissolved oxygen than cool 
water. Temperature differences between surface and bottom waters help produce vertical 
water currents, which distribute nutrients and oxygen throughout the water column.  

Measuring Temperature 

A thermometer (analog or digital) is used to measure temperature in the field. Alcohol-
filled thermometers are preferred over mercury-filled because they are less hazardous if 
broken. Temperature is recorded in degrees Celsius (°C). Measure air and water 
temperature using the same instrument.  

First, measure air temperature by placing the dry thermometer in the shade until it 
stabilizes.  

Always record the temperature of the air before measuring water temperature, as any 
water present on the thermometer can impact the temperature reading.  

To measure water temperature, hold the thermometer in the waterbody, making sure to 
do it in the same location from which the other samples are being collected.   To get an 
accurate reading, it is important that temperature is measured in an area with good flow. 
Alternatively, submerge the thermometer in a sample of water large enough that it will 
not be affected by the temperature of the thermometer itself. Refer to the Field 
Monitoring Directions for Chemical Monitoring document on the AAS website for the 
full sampling protocol.  

State Standards 

Water temperature should be less than 32.2°C (90°F) to meet Georgia state standards. 

Commented [7]: does digital need protective covering? 
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Please see the Introduction to Water Quality Monitoring manual for more information 
on state standards.  

Significant Levels 

Temperature preferences among species vary widely, but all species can tolerate slow 
seasonal changes better than rapid shifts. Changes in water temperature greater than 1 to 
2°C in less than 24 hours can result in thermal stress and shock.  

Additionally, anything higher than the state standard listed above should be reported, as 
this is higher than the critical thermal maxima (highest tolerable temperature) of 
many sensitive species, including trout. 

What Measured Levels May Indicate 

Water temperatures can increase when industrial or utility plants use stream water to cool 
down their systems and then discharge this hot water back into the stream. Runoff from 
heated surfaces such as roads, roofs, and parking lots can also cause water temperatures 
to rise. Cold underground water sources, snowmelt, and the shade provided by 
overhanging vegetation can cause water temperatures to decrease. 

pH 

Sampling pH is one of the most common analyses in water testing. pH indicates the 
alkalinity or acidity of a substance by measuring the activity of hydrogen ions in a sample. 
If there are more free hydrogen ions (H+) in the sample, then the solution becomes more 
acidic. pH is measured on a scale from 0 to 14, with 7.0 considered neutral. Solutions with 
a pH below 7.0 are considered acids and those above 7.0 considered bases. The pH scale 
is logarithmic, so every single-digit change in pH represents a ten-fold change in acidity 
or alkalinity. In other words, a pH of 6 is ten times more acidic than a pH 7; pH 5 is one 
hundred times more acidic than a pH 7. There is no unit of measurement for this 
parameter. 

The pH of the water can impact the extent to which nutrients and toxins alike become 
available to stream organisms. For example, phosphorus, a necessary nutrient, becomes 
more soluble (and therefore available for use) at slightly acidic pH levels. However, as 
acidity increases, so does the presence of less desirable chemicals like the toxic aluminum 
ion (Al3+), which is able to precipitate onto the gills of fish at pH<6.   

Measuring pH 

pH is measured by adding a reagent to a sample of water that dyes the sample based on 
its pH. The color of the water sample is then matched to a color comparator to determine 
the pH. Rinse glass tubes and containers twice with stream water before collecting a 
sample for testing. Two samples should be taken and must be within a duplicate 
precision of ±0.25 of each other. If the tests are not within duplicate precision range, 
run another test until any two are within that range. Only results that are precise should 
be recorded. Refer to the Field Monitoring Directions for Chemical Monitoring 
document on the AAS website for the full sampling protocol.     

Commented [10]: https://www.usgs.gov/special-
topic/water-science-school/science/ph-and-water 
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State Standards 

pH levels should fall between 6.0 and 8.5 to meet Georgia state standards. 

Significant Levels 

A range of pH 6.5 to pH 8.5 is optimal for most aquatic organisms. Low or high pH can 
affect egg survival rate, kill sources of food for fish and insects, and make the water 
uninhabitable for most types of aquatic life. 

What Measured Levels May Indicate 

Rapidly growing algae and submerged aquatic vegetation remove carbon dioxide (CO2) 
from the water during photosynthesis. This can result in a significant increase in pH 
levels, so the water becomes more basic. Bacterial activity, water turbulence, and chemical 
constituents in runoff can alter the pH of the waterbody.   

There can be natural variation in pH based on the geology of the area. Streams in 
Mountain and Piedmont regions will typically have a pH range of 6.0 to 8.0. Blackwater 
streams of Coastal and South Georgia will naturally be more acidic, with pH values as low 
as 3.5. In coastal waters, pH levels will typically fall within state standards but become 
more basic with increasing salinity. pH readings outside of the acceptable levels for the 
region may be the result of mine drainage, sewage overflows, atmospheric deposition 
(acid rain), concrete weathering, or industrial point discharges.  

Dissolved Oxygen  

Like land organisms, fish, aquatic invertebrates, plants, and aerobic bacteria all require 
oxygen for respiration. In aquatic environments, the oxygen present in the water is called 
“dissolved oxygen”. Dissolved oxygen (DO) is measured in either parts per million (ppm) 
or milligrams per liter (mg/L). These units are equivalent and interchangeable (1 ppm=1 
mg/L). 

Sources of DO 

The stream system both produces and consumes oxygen. Oxygen from the atmosphere 
dissolves readily into water at the surface until this water is "saturated." Once dissolved, 
the oxygen diffuses very slowly through the water column. Distribution depends on the 
movement of aerated water by turbulence and currents caused by wind, water flow, and 
thermal upwelling.  

In addition, aquatic plants, algae, and phytoplankton produce oxygen when going 
through photosynthesis. Respiration by aquatic animals, decomposition, and various 
chemical reactions consume oxygen.  

DO Capacity of Water 

The DO capacity of water refers to the highest amount of oxygen that a volume of water 
can hold.  DO capacity and temperature are inversely related, meaning as water 
temperature increases, the water’s DO capacity decreases, and vice versa.  

Commented [11]: https://www.epa.gov/sites/producti
on/files/2015-
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Interestingly, many organisms become more 
active at higher temperatures, requiring increased 
levels oxygen to support their quicker 
metabolisms. This can result in critically low 
oxygen levels during the summer months due to 
this combination of decreased DO capacity and 
increased demand.  

Other factors that impact DO capacity are salinity, 
which is also inversely related, and atmospheric 
pressure, which corresponds with altitude and is 
directly related (as pressure increases, DO increases).  

● At 0°C the saturation point for DO is 14.6 ppm 
● At 32°C the saturation point for DO is 7.6 ppm 

Measuring Dissolved Oxygen 

DO is measured using the Winkler titration 
method. Before collecting a sample for 
testing, rinse glass tubes and containers 
twice with stream water. A sample bottle is 
filled completely so that no air is present in 
the sample.  

Reagents are added to produce a ‘fixed’ 
solution – which means that the dissolved 
oxygen content cannot be influenced by 
external sources or changes. This fixed 
solution is then titrated until it reaches the 
‘endpoint’ where the color of the solution 
changes from blue to clear. The level of the 
remaining liquid in the direct read titrator, 
or syringe, corresponds to the dissolved 
oxygen level in the sample.  

Read values on plastic titrators (small 
syringe with green plunger) on the 
liquid side of the disc around the 
plunger tip. If you are using a glass 
syringe, read values at the plunger’s 
tip. If you are unsure, at least be 
consistent with where you read the 
value from.   

Two samples should be taken and 
must be within a duplicate precision of ±0.6 ppm or mg/L. If the tests are not within 
duplicate precision of each other, run another test until two readings are within that 
range. Only results that are precise should be recorded. Refer to the Field Monitoring 

Photo from LaMotte 
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Directions for Chemical Monitoring document on the AAS website for the full sampling 
protocol.  

The DO levels in and below riffle areas, waterfalls, or dam spillways are typically higher 
than those in pools and slower-moving stretches. If you wanted to measure the effect of a 
dam, it would be important to sample for DO behind the dam, immediately below the 
spillway and upstream of the dam. Since DO levels are critical to fish, good places to 
sample are the pools in which fish tend to dwell and in their spawning areas.  

State Standards 

Dissolved oxygen levels must average 5 ppm and no less than 4 ppm to meet Georgia state 
standards for “natural conditions” of a water body. Certain state waters do not fall under 
these “natural” conditions, such as trout streams, and values outside of this limit may not 
constitute a violation of water quality standards. Reference Chapter 391-3-6 Rules for 
Water Quality Control to determine if your stream falls within these special conditions.  

Significant Levels 

The amount of oxygen required by an aquatic organism varies according to species and 
stage of life. Although certain species can tolerate low oxygen levels, in general DO levels 
below 3 ppm are stressful to most aquatic organisms. DO levels below 1 ppm will not 
support fish; levels of 5 to 6 ppm are usually required for growth and activity. Some 
species are more sensitive and require higher levels. In waters supporting trout and other 
sensitive organisms, DO levels should average 6 ppm and be no less than 5 ppm.  

What Measured Levels May Indicate 

A low DO level often indicates a demand for oxygen in the system. Pollutants, including 
inadequately treated sewage or decaying natural organic material, can cause such a 
demand. Organic materials accumulate in bottom sediments and support 
microorganisms (including bacteria), which consume oxygen as they break down the 

materials. Some wastes and 
pollutants produce direct 
chemical demands on any 
oxygen in the water. In ponds 
or impoundments, dense 
populations of active fish can 
deplete DO levels. In areas of 
dense algae, DO levels may 
drop at night or during cloudy 
weather due to the net 
consumption of DO by aquatic 
plant respiration. High DO 
levels can be found where 
stream turbulence or choppy 
conditions increase natural 
aeration by increasing the 
water surface area and 

Living in the Environment, Tyler Miller  
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trapping air under cascading water. On sunny days, high DO levels occur in areas of dense 
algae or submerged aquatic vegetation due to photosynthesis and its creation of oxygen 
as a byproduct. In these areas, the lowest DO levels occur just before sunrise each morning 
and highest levels just after noon.  

The amount of DO present dictates the type of organisms that can survive. When there is 
a large influx of nutrients in a stream, like a sewer leak, the DO levels plummet. In these 
areas, only the most tolerant species can survive. The DO is gradually restored as the 
concentration of the discharge decreases, resulting in the restoration of sensitive species 
in this “clean” zone.  

Conductivity 

Conductivity is a measure of the ability of water to pass an electrical current. Conductivity 
levels indicate the presence of unnatural or inorganic dissolved solids, NOT which specific 
ions are present. Chloride, nitrate, sulfate, and phosphate anions carry a negative charge. 
Sodium, magnesium, calcium, iron, and aluminum cations carry a positive charge. 
Organic compounds like oil, phenol, alcohol, and sugar do not conduct electrical currents 
very well. Conductivity is also affected by temperature: the warmer the water, the higher 
the conductivity. 

Conductivity in natural systems is affected primarily by the geology of the area through 
which the water flows. Streams that run through areas with granite bedrock such as in 
North Georgia tend to have lower conductivity because granite is composed of more inert 
materials that do not ionize (dissolve into ionic components) when washed into the water. 
On the other hand, streams that run through areas with clay sediment tend to have higher 
conductivity because of the presence of materials that ionize when washed into the water. 
Groundwater inflows can have the same effects depending on the bedrock they flow 
through. 

Measuring Conductivity 

Conductivity is measured with a parameter-specific probe that must be calibrated with a 
known conductivity standard within 24 hours prior to each monitoring event. A single 
measurement is recorded for conductivity. Conductivity is measured in microsiemens per 
centimeter (µs/cm). Refer to the Field Monitoring Directions for Chemical Monitoring 
document on the AAS website for the full sampling protocol. 

State Standards 

There are no regulated levels of conductivity in Georgia. The Adopt-A-Stream program 
uses trend analysis of measurements after a baseline is established to compare and assess 
changes in conductivity levels. 

Significant Levels 

Distilled water has conductivity in the range of 0.5 to 3 µS/cm. The conductivity of rivers 
in Georgia generally ranges from 0 to 1,500 µS/cm. Studies of inland fresh waters indicate 
that streams supporting mixed fisheries have a range between 50 and 500 µS/cm. Some 
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North Georgia streams may have natural background levels well below 50 µS/cm. 
Conductivity outside this range could indicate that the water is not suitable for certain 
species of fish or macroinvertebrates. Industrial waters can be as high as 10,000 µS/cm.  

What Measured Levels May Indicate 

Each stream tends to have a relatively constant range of conductivity that, once 
established, can be used as a baseline for comparison with regular conductivity 
measurements. Documented changes in conductivity readings warrant further 
investigation. Discharges to streams can change the conductivity depending on their 
composition. A failing sewage system would raise conductivity because of the presence of 
chloride, phosphate, and nitrate; an oil spill would lower the conductivity. Conductivity 
can also fluctuate from baseline levels because of mining operations, agriculture and 
urban runoff. 

Salinity (Coastal Monitoring) 

Salinity refers to the concentration of dissolved salts in seawater. More specifically, 
salinity is the number of grams of dissolved salts in a kilogram of seawater, thus the units 
of salinity are parts per thousand (ppt). The average salinity of ocean water is 35 ppt. In 
comparison, fresh water from rivers has a salinity of 0.5 ppt or less. An estuary exhibits a 
gradual change in salinity throughout its length, as fresh water entering the estuary from 
tributaries mixes with seawater moving in from the ocean. Within the estuary, salinity 
levels are referred to as oligohaline (0.5-5.0 ppt), mesohaline (5.0-18.0 ppt), or polyhaline 
(18.0-30.0 ppt).  

Salinity levels control, to a large degree, the types of plants and animals that can live in 
different zones of the environment. Aquatic plants and organisms are sensitive to changes 
in salinity. Some species tolerate only intermediate levels of salinity while broadly 
adapted species can acclimate to any salinity ranging from fresh water to seawater.  

Another role played by saline water involves flocculation of particles. Flocculation is the 
process of particles aggregating into larger clumps. The particles that enter an estuary 
dissolved in the freshwater of rivers collide with the salt water and may flocculate or 
clump together and increase turbidity.  

Salinity will fluctuate with dilution by precipitation and mixing of the water by wind. 
There are also seasonal differences in salinity.  

Coastal Conditions 

Coastal and inshore waters such as estuaries, tidal rivers and marsh creeks generally have 
lower salinity values, relative to the ocean; however, the salinity in these inshore areas 
can also be highly variable. As the tide comes in or rises, seawater is pushed further 
inshore or inland, and the salinity at a particular location might increase within hours. 
Similarly, as the tide goes out, the seawater moves seaward and thus the salinity may 
decrease.  

Salinity is a very important feature and parameter of coastal aquatic habitats. Not only 
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does salinity affect the biological community, but it also affects the density of the water 
itself. The resulting water density influences, and may be the cause of, water flow and 
transport (including speed and even direction). In fact, typical inshore water circulation 
involves less dense, less salty water moving downstream along the surface while denser, 
saltier water is moving inshore/upstream along the bottom.  

In coastal aquatic habitats, it is thus very important to know and record the salinity at any 
monitoring site. Salinity is one of the most basic chemical parameters for characterizing 
a coastal aquatic habitat. 

Estuary 

With variations in river inflow (due 
to rainfall, snowmelt, freshwater 
removal for industries, agriculture, 
etc.) and the constant tidal action 
moving seawater in and out, 
estuaries are temporally and 
spatially variable in salinity. As a 
result, estuarine animals, like 
oysters, blue crabs, shrimp, and 
mullet, must be capable of 
withstanding a wide range of 
salinity of coastal rivers, sounds, 
and salt marshes. Adaptations 
include escaping/moving to more 
favorable conditions, closing until 
more favorable conditions return, 
burrowing/digging into the 
sediment, using internal water 
balance metabolic processes such as producing specific levels of urine, drinking certain 
amounts of water, or spending energy to retain or expel excess water and salts 

Measuring Salinity 

Salinity is typically determined by using a salinity refractometer, a hand-held device that 
measures the refraction or bending of light passing through a solution to determine the 
strength or concentration of that solution. The refractometer should be calibrated within 
24 hours prior to each monitoring event. Take two samples for duplicate precision. The 
two samples must be within ±1.0 ppt. If the tests are not within duplicate precision of 
each other, run another test until two are within that range. Only results that are precise 
should be recorded. Refer to the Field Monitoring Directions for Chemical Monitoring 
document on the AAS website for the full sampling protocol. 

State Standards 

There are no regulated levels of salinity in Georgia. 

2013 Nature Education 
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What Measured Levels May Indicate 

If high salinity readings are found in upstream rivers and estuaries, which traditionally 
have lower salinity readings, freshwater flow may be reduced. This in turn will impact the 
coastal aquatic habitat. 

Water Clarity (Lake and Coastal Monitoring) 

Water clarity refers to the transparency or 
clearness of the water, and it is used as a 
proxy for suspended particle 
concentration. Suspended particles 
include soil particles (clay, silt and sand), 
algae, plankton, microbes and other 
substances. Suspended particles can 
impede the passage of light through the 
water, limiting the amount of sunlight 
available for photosynthesis. At high 
enough concentrations, suspended 
particles can also damage the gills of fish 
and macroinvertebrates, suffocate fish and oysters, and disturb filter feeding organisms.  

Measuring Water Clarity 

The Secchi disk (pronounced sec’-key) 
is used to measure the clarity of the 
water. 

Modern Secchi disks are weighted 
metal disks. The face of the disk is 
divided into quarters and painted 
black and white for contrast. The disk 
is lowered into the water to the point 
at which the disk can no longer be seen 
– this depth is called the Secchi depth.  

Secchi depths can be used to track and 
compare water clarity at different 

times within a water body or compare in water clarity between bodies of water.  

Take two Secchi disk depth readings for duplicate precision. Readings are measured in 
centimeters (cm). Two samples should be taken and must be within duplicate precision 
of ±10cm. If the tests are not within duplicate precision of each other, run another test 
until two are within that range. Only results that are precise should be reported. Refer to 
the Field Monitoring Directions for Chemical Monitoring document on the AAS website 
for the full sampling protocol. Keep in mind that polarized glasses can affect your 
visualization of the Secchi disk; please remove when taking the measurement. 
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State Standards 

There are no regulated levels of water clarity or Secchi depth in Georgia. This is because 
some waters in the state have naturally low water clarity but are not impaired. Variations 
in geology, tidal stages, tannins, and rainfall in a region can influence water clarity.  

The Adopt-A-Stream program uses trend analysis of measurements after a baseline is 
established to compare and assess changes in water clarity levels. 

What Measured Levels May Indicate 

Water clarity, and therefore suspended particle concentration, can be affected by natural 
influences such as wind, rainfall, tidal stage, and algae growth. Human influences such as 
nutrient additions, development, boating and/or dredging, could cause water clarity to 
decrease.  

Additional Parameters 

In addition to the core parameters, the following may also be monitored as interest and 
equipment allows. Some groups may wish to work with a certified laboratory to sample 
some of these additional parameters.  

Turbidity  

Turbidity measures the degree to which 
suspended particles in water decrease the 
passage of light through water. The more 
particles present, the more light will be 
scattered. Turbidity does not measure the 
number of suspended solids present, only 
the amount of light that is scattered by these 
suspended particles. Suspended materials 
typically range in size from 0.0004 mm 
(clay) to 1.0 mm (sand), and include soil 
particles, algae, plankton, microbes, and 
other substances. The color of the water, 
such as in tannic waters, can impact the 
turbidity reading as well.  

Turbidity can affect other chemical parameters. For instance, high turbidity decreases DO 
concentration because suspended particles absorb heat, thus increasing water 
temperature and reducing light penetration needed for photosynthesis. 

 

Measuring Turbidity  

Turbidity has traditionally been measured using a turbidity meter, which may be cost 
prohibiting, or by measuring water clarity as a proxy for turbidity. A DIY option for 
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turbidity measurement is the TurboTube. A TurboTube is a large, clear tube with 
measurement markings on the side and a Secchi Disk at the bottom. Instructions for 
creating your own TurboTube are available on the AAS website. Because this is not a 
QA/QC protocol, duplicate precision is not required. However, only precise 
measurements using a TurboTube created using the step-by-step instructions found on 
the AAS website, a turbidimeter, or a commercially available turbidity tube should be 
reported.  

State Standards 

There are no regulated levels of turbidity in Georgia. This is because some waters in the 
state are naturally turbid due to local geology, water flow, and rainfall. The Adopt-A-
Stream program uses trend analysis of measurements after a baseline is established to 
compare and assess changes in turbidity levels. 

What Measured Levels May Indicate 

Sources of turbidity include soil erosion, waste discharge, urban runoff, eroding stream 
banks, large numbers of bottom feeders which stir up bottom sediments, or excessive 

algal growth. Turbidity can be 
useful as an indicator of the 
effects of runoff from 
construction, agricultural 
practices, logging activity, 
discharges, and other sources. 
Turbidity often increases 
sharply during rainfall. During 
these events, stormwater runs 
off from impervious surfaces 
and rapidly increases stream 
velocity, which increases the 
erosion rates of streambanks 
and channels.  

 

Total Suspended Solids  

Total suspended solids (TSS) 
refer to a total measurement of 
solid material by mass per 
volume of water. Suspended 
solids may be inorganic or 
organic matter. TSS is a 
significant factor in observing 
water clarity; the more solids 
present in the water (higher TSS), 
the less water clarity. TSS 
includes settleable solids, and if 
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measured regularly, can be used to calculate sedimentation rates. 

Settleable Solids  

The settleable solids test is an easy, quantitative method to measure sediment and other 
particles found in surface water. A measurement of settleable solids is not the same as a 
turbidity reading. Turbidity levels are measured by considering all particles suspended in 
the water column, including small, colloidal-sized particles, like clay. Settleable solids test 
only measures those particles large enough to settle out within a given time.  

Sediment that settles on the streambed can clog fish and macroinvertebrate gills and 
smother their habitats. Sediment can also carry harmful substances such as bacteria, 
metals and excess nutrients. 

Measuring Settleable Solids 

An Imhoff cone (a plastic or glass 1 liter cone) is filled with one liter of sample water, 
stirred, and allowed to settle for 45 minutes. Solids will settle in the bottom of the cone 
and are then measured as a volume of the total, in millimeters per liter (mL/L).  

State Standards 

There are no regulated levels of settleable solids in Georgia. The Adopt-A-Stream program 
uses trend analysis of measurements after a baseline is established to compare and assess 
changes in settleable solid levels. 

What Measured Levels May Indicate 

Land-disturbing activities contribute to elevated levels of settleable solids in Georgia’s 
streams, rivers, lakes, and wetlands. Possible sources include cropland, pasture, livestock 
operations, forestry activities, construction, roads, and mining operations. Sediment in 
streams functions much like sandpaper, scouring stream banks, leading to stream bank 
failure, and ultimately causing further erosion. 

Introduction to Nutrients 

A nutrient is any element necessary for the growth of living organisms. Aquatic 
ecosystems rely on nutrient inputs from terrestrial sources to keep them functioning. For 
example, leaves that fall into headwater streams provide the main source of food for 
macroinvertebrates in these areas. However, when the stream or lake becomes over-rich 
with nutrients, eutrophication can occur. Because they feed on nutrients, algae 
populations will bloom when there is excess nutrients in the water. The spike of algae 
blocks sunlight from penetrating the water needed for photosynthesis by aquatic plants. 
These plants die, and once the nutrients are all used up, so do the algae. Decomposer 
bacteria break down this dead plant material, using up the remaining dissolved oxygen. 
The system then becomes uninhabitable for aquatic life.  

While eutrophication often happens naturally over time due to the buildup of decaying 
plant material and sediment, human activity can cause the process to be expedited. This 
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occurs when excess nitrogen 
and phosphorus enter a 
waterbody from human and 
animal waste, decomposing 
organic matter, or fertilizer 
runoff. Phosphates are also 
found in some industrial 
effluents, detergent 
wastewater from homes and 
natural deposits.  

Excess nitrogen and 
phosphorus in water speeds 
the growth of algae past the 
point which an ecosystem 
can handle. Significant 
increases in algae growth, 
known as algal blooms, 
harm water quality, limit 
food resources, reduce 
habitat availability, and 
decrease oxygens levels needed for the survival of aquatic species. These blooms cause 
harsh reduction and possible elimination of DO which causes fish illnesses and, in severe 
cases, large numbers of fish death.  

Algae are very efficient users of nitrogen and phosphorus. By the time an algae bloom is 
observed, the nutrients may no longer be measurable but may continue to impact the 
ecosystem. By sampling upstream from areas of algae blooms, the source of excess 
nutrients may be identified. Algae blooms will usually be found in lakes and reservoirs 
but can occur in streams where a lack of diversity in macroinvertebrate population will 
reflect a high input of nutrients. High flow rates in streams may prevent the establishment 
of floating aquatic plants and algae despite the presence of excess nutrients. As the 
summer progresses and flow rates drop, once rapidly flowing streams can become choked 
with algae.  

Nitrates 

Nitrogen (N) can occur in natural waters in the form of ammonia (NH3), nitrite (NO2), 
nitrate (NO3) and organic nitrogen (found in plant and animal matter and waste).  
When plants and animals die, organic nitrogen is released as ammonia which is then 
converted to ammonium. Through a process called nitrification, bacteria convert 
ammonium into nitrites, which are quickly converted into nitrates. This is the form 
available for uptake by plants. Nitrates are also found in fertilizers.  

The two forms that are monitored are ammonia and nitrate. Ammonia test results are 
expressed as “ammonia as nitrogen”. Nitrate test results are expressed as "nitrate 
nitrogen" (NO3-N), meaning "nitrogen that was in the form of nitrate." Some test kits and 
literature express levels only as nitrate (NO3). Both expressions refer to the same chemical 
and concentration, but use different units of measurement: 
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Significant Levels 

Unpolluted waters generally have a nitrate-nitrogen level below 1 ppm. Nitrate-nitrogen 
levels above 10 ppm (44 ppm nitrate) are considered unsafe for drinking water. 

Excess nitrates can cause hypoxia, or low levels of dissolved oxygen and can become toxic 
to warm-blooded animals at higher concentrations.  

What Measured Levels May Indicate 

Levels of nitrate-nitrogen above 1 ppm may indicate a sewage overflow, runoff from 
fertilized lawns or cropland, failing on-site septic systems, runoff from animal manure 
storage areas, and industrial discharges that contain corrosion inhibitors. 

Nitrates from land sources end up in rivers and streams more quickly than other 
nutrients. This is because they dissolve in water more readily than phosphates, which 
have an attraction for soil particles. As a result, nitrates serve as a better indicator of the 
possibility of a source of sewage or manure pollution during dry weather.  

Phosphorus 

Pure, “elemental” phosphorus 
(P) is rare. Naturally, 
phosphorus is found in rocks 
as part of an inorganic 
phosphate molecule (PO43-, 
also called orthophosphate). 
When these rocks become 
weathered, orthophosphate is 
made available for uptake. 
Orthophosphate can be taken 
up by plants and bound with 
organic molecules to form 
organic phosphates. Both 
organic and inorganic 
phosphorus can either be 
dissolved in the water or 
suspended (attached to 
particles in the water column), 
but only inorganic phosphates 
can be measured directly. 
Simple phosphate test kits 
measure reactive 
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orthophosphate, which is the form applied as fertilizer to agricultural and residential 
lands. Results are expressed as phosphate (PO4). 

Organically bound phosphates in water come from plant and animal matter and waste. 
Before phosphorus is taken up by plants, it must first be broken down by microbes into 
its inorganic form, aka orthophosphate. When phosphorus becomes accessible to aquatic 
plants, it is converted to organic phosphorus and becomes part of their tissues. Animals 
obtain necessary organic phosphorus by eating aquatic plants, other animals, or 
decomposing plants and animal material. 

Significant Levels 

Total phosphorus levels higher than 0.03 parts per million (ppm) contribute to increased 
plant growth (eutrophic conditions), which will lead to oxygen depletion. Total 
phosphorus levels above 0.1 ppm may stimulate plant growth sufficiently to surpass 
natural eutrophication rates. 

What Measured Levels May Indicate 

Levels more than 0.1 ppm indicate a potential human source such as industrial soaps, 
sewage, fertilizers, disturbance of soil, animal waste, or industrial effluent. 

Alkalinity  

Alkalinity of water is its acid-neutralizing capacity. It is the sum of all the bases found in 
a sample, including carbonate (CO32-), bicarbonate (HCO3-), and hydroxide (OH-) 
content. Alkaline compounds in the water remove hydrogen ions (H+) and lower the 
acidity of the water (which means increased pH). They usually do this by combining with 
the H+ ions to make new compounds. Without this acid-neutralizing capacity, any acid 
added to a stream would cause an immediate change in the pH. Alkalinity in streams is 
influenced by rocks, soil, salts, certain plant activities and industrial wastewater 
discharges.  

Measuring Alkalinity 

Total alkalinity is measured by measuring the amount of acid needed to bring the sample 
to a pH of 4.2. At this pH, all the alkaline compounds in the sample are “used up”. The 
result is reported as milligrams per liter of calcium carbonate (mg/L CaCO3).  

Significant Levels 

Measuring alkalinity is important in determining a stream’s ability to neutralize acidic 
pollution from rainfall or wastewater. It’s one of the best measures of the stream 
sensitivity to acid inputs. The higher the alkalinity, the better the capacity to buffer the 
fluctuation of pH in water. To protect aquatic life, alkalinity should be at least 20 mg/L.  

What Measured Levels May Indicate 

Alkalinity levels should not fluctuate much unless a severe industrial problem has 
occurred upstream. 
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Chlorophyll a (Lake Monitoring)  

Algae are photosynthetic plants, but they do not have true roots, stems, or leaves. They 
do, however, grow in many forms. Some species are microscopic single celled organisms 
suspended in the water column (phytoplankton); others grow as mass aggregates of cells 
(colonies) or in strands (filaments). Some even resemble plants growing on the lake 
bottom. They are an important living component in a waterbody because of their ability 
to convert inorganic material to organic material through photosynthesis, oxygenate the 
water, serve as a food source for a wide variety of organisms, and impact the amount of 
light that penetrates the water column.  

There are several environmental factors that influence algal growth, including the amount 
of light that penetrates the water, nutrient availability, water temperature, and grazing by 
organisms. Excessive growth of one or more species of algae is called a bloom. Algal 
blooms usually occur in response to an increased supply of nutrients and are often a 
symptom of eutrophication. 

Chlorophyll a is a green photosynthetic pigment found in the cells of algae. Knowing the 
concentration of chlorophyll a provides an estimate of the concentration of 
phytoplankton present in the water column. By measuring this single parameter, you 
measure not only the algal population, but the integrated effects of nutrients and other 
parameters as well as the productivity and trophic status of your lake.  

The trophic status reflects the levels of nutrients in the water and the water clarity. 
Oligotrophic lakes are clear, low in nutrients, algae, and fish, and have a layer of high 
oxygen along the bottom of the lake. Eutrophic lakes are turbid, high in nutrients, algae, 
sediment, and fish, and are lower in oxygen. Mesotrophic lakes are intermediate between 
these two extremes. Increasing trophic states (oligotrophic→ mesotrophic → eutrophic) 
due to excessive nutrient loading is one of the most common problems in lakes.  Because 
of its importance, many different systems for measuring and categorizing trophic state 
have been developed.  Carlson’s Trophic State Index (TSI) is a widely used system for 
determining a lakes trophic state.  The TSI is used by lake managers to discern trends in 
water quality, and to set management goals. 

While chlorophyll a is a reliable indicator of algal quantity, it cannot be considered a 
precise measurement of algal density because the amount of chlorophyll a in living cells 
varies among algal species. Thus, two lakes can have identical densities of algae yet have 
significantly different concentrations of chlorophyll a because they are dominated by 
different species. Despite these drawbacks, the ease of sampling and relatively low cost of 
analysis makes chlorophyll a an attractive parameter for characterizing algal density in 
lakes.  

Measuring Chlorophyll a 

As a volunteer, you will collect a water sample and filter the water; however, the actual 
chlorophyll a analysis must be done by a qualified laboratory. When collecting, filtering 
and transporting, it is important to keep the water sample cool and protected from 
sunlight to avoid chlorophyll degradation. Water samples are taken from the photic zone- 
the upper portion of the water column where sunlight penetrates, stimulating 
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photosynthesis in the algal cells (generally within a meter of the surface). After collection, 
samples should be taken to a laboratory where chlorophyll a is extracted and measured. 

Significant Levels 

There are no regulated levels of chlorophyll a in Georgia, as algae are a natural part of a 
freshwater ecosystem. However, too much can cause several water quality issues. 

What Measured Levels May Indicate.  

High concentrations of chlorophyll a indicate high levels of nutrient runoff from 
fertilizers, septic systems, sewage treatment plants and urban runoff. 

Chlorine 

Chlorine is rarely found by itself in nature. It is highly electronegative, meaning it has a 
strong tendency to attract electrons from other elements and create ionic bonds. The most 
well-known example of this is sodium chloride (NaCl), also known as table salt. Chlorides 
are naturally present in all water bodies, and they are vital for the system to function 
properly. However, anthropogenic activities, such as salting roads, can increase these 
concentrations to dangerous levels.  

Measuring Chlorine 

Because chlorine does not naturally occur in standard natural environments, sampling of 
this chemical is not outlined in AAS protocols. However, the EPA recommends measuring 
Total Residual Chlorine (TRC) using the DPD Colorimetric Method. EPA Method 330.5 
is a spectrophotometric procedure that determines TRC in waters. This method uses DPD, 
a reagent that turns pink when in contact with chlorine. A darker shade of pink indicates 
a higher concentration of chlorine.  

Significant Levels 

Natural chlorine concentrations range from 1-100 parts per million (ppm) in freshwater 
up to 35,000 ppm in salt water. High concentrations (>230 ppm) in freshwater systems 
can decrease the ability of aquatic organisms (particularly amphibians) to osmoregulate, 
meaning they are unable to maintain the proper level of salt in their bodies. This can have 
several long-term impacts, including reduced survival and mating ability.  

What Measured Levels May Indicate 

Chlorine can enter a water body through runoff from impervious surfaces, particularly 
ones that have been salted in response to or in preparation for snowfall. They can also 
come from water softeners, water treatment plants, and potash, a fertilizer containing 
potassium chloride. Additionally, if chlorine levels are high, there is also a chance that 
other pollutants, such as heavy metals, are also present in the stream.  
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Resources Available on the Adopt-A-Stream Website 

AdoptAStream.Georgia.gov 

● Chemical Data Form 
● Field Monitoring Directions for Chemical Monitoring – Freshwater 
● Field Monitoring Directions for Chemical Monitoring – Coastal 
● AAS Chemical Presentation 
● Chemical and Macroinvertebrate Equipment Purchasing Information 
● Who to Call List 
● Monitoring Materials Checklist 
● Volunteers and Database FAQs 

Equipment Purchasing Information 

All equipment purchasing information is listed below and is additionally available on the 
AAS website. 

Chemical Testing Kits 

LaMotte Shallow Water Test Kit 

(Recommended) Dissolved oxygen, temperature, pH, and turbidity testing equipment 

LaMotte Dissolved Oxygen Test Kit 

Dissolved oxygen test reagents, glassware, accessories, and instructions 

LaMotte pH Environmental Test Kit 

pH test reagents, glassware, accessories, and instructions 

Equipment 

Oakton EcoTestr CTS1 Pocket Conductivity, Salinity, and TDS Meter 

Measures conductivity, salinity, TDS, and temperature 

WaterMark Conductivity Calibration Solution 

Extech Salinity Refractometer 

APPENDIX 
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Fieldmaster Student Secchi Disc 

H-B Enviro-Safe 6” “Easy Read” Armor Case Thermometer 

LaMotte AQ-2 Test Kit Replacement Titrator 

Replacement Reagents 

LaMotte Precision pH Test Kit Reagent Refill 

LaMotte Environmental Test Kit Reagent Refill, Dissolved Oxygen 

 

 

Accuracy – The degree of agreement between an observed value and an accepted 
reference value. Accuracy includes random error (precision) and systemic error (bias or 
recovery) that are caused by sampling and analysis. A data quality indicator.  
Acid rain – a broad term that includes any form of precipitation with acidic components, 
such as sulfuric or nitric acid that fall to the ground from the atmosphere in wet or dry 
forms. This can include rain, snow, fog, hail, or even dust that is acidic.  
Acidity – The acidity of water is its quantitative capacity to react with a strong base to a 
designated pH and is usually expressed in milligrams per liter of equivalent calcium 
carbonate. The result for acidity depends upon the end-point pH (typically pH 3.7 or pH 
8.3) or the indicator used.  
Acid-Neutralizing Capacity – the ability of water or soil to resist changes in pH when 
strong acids are added 
Acids – a chemical substance that releases hydrogen ions (H⁺) when dissolved in water, 
ultimately lowering water’s pH below 7 
Adaptation – any physical trait, body process, or behavior that helps an organism 
survive and reproduce in its environment 
Aerated Water – groundwater or surface water that is mixed with air 
Aerobic Bacteria - Oxygen dependent bacteria that help break down organic waste into 
carbon dioxide and water 
Aggregation – the process of small, separate pieces of sediment clump together to form 
larger pieces 
Agriculture Land – lands used for growing crops or raising livestock 
Algae – simple, plant like organisms that live in water and require sunlight for 
photosynthesis processes 
Algae Colony – a group of algae that live together as a unit 
Algae filament – a single line of microscopic algae cells joined end-to-end to form a 

GLOSSARY 
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long, hair-like thread 
Algal Bloom – the fast paced, out of control growth of algae, typically occur when slow-
moving water gets too warm and traps nutrients in the water that algae feed off 
Algal Density – measurement of how many algae exist in a specific amount of water to 
track water health, calculated as the number of cells per milliliter (cells/mL) of water or 
as the total volume of algae in a cubic meter of water (𝑚𝑚3/𝑚3) 
Altitude – the vertical distance of a point above or below a standard reference surface, 
usually in reference to mean sea level 
Alkalinity – the buffering capacity of a water body; a measure of the ability of the water 
body to neutralize acids and bases and thus maintain a stable pH level 
Anaerobic Bacteria – Bacteria that don’t require oxygen when converting waste into 
gases like hydrogen sulfide, nitrogen, and methane  
Anion – an ion with a negative electrical charge, often are dissolved mineral particles in 
water that have gain electrons 
Anoxia – the complete lack of dissolved oxygen in water; occurring when 
microorganisms use up all the available oxygen during decomposition processes and 
creating an environment that cannot support most aquatic life  
Anthropogenic Activity – an environmental change caused or influenced by humans, 
either directly or indirectly 
Aquatic Ecosystem – a biological community of plants, animals, and microbes living 
in water interacting with the non-living parts of their environment 
Atmospheric Deposition – the transfer of air pollutants, gases, and particles from the 
atmosphere to the Earth’s surface 
Atmospheric Pressure – the weight of the air pressing down on Earth’s surface 
Baseflow – the steady, continuous flow of a water body that is maintained by 
groundwater seeping into the channel, rather than immediate rainfall 
Baseline – the initial set of reference data for a water system before any major changes, 
measuring the typical water flow, levels, and quality before construction 
Base – a substance that accepts hydrogen ions (H+) or releases hydroxide ions (OH−), 
increasing the concentration of OH− when it dissolves in water and increasing its overall 
pH 
Bedrock – the solid rock layer beneath loose soil and sand in a waterway 
Blackwater – waterways naturally stained a dark color from decaying leaf litter and 
plants 
Bottom Feeders – aquatic animals that find and eat their food on or near the bottom 
of a water body 
Bottom Sediment – the layers of settled particles at the bottom of a waterbody that 
serve as a natural sponge, storing vital nutrients and trapping harmful pollutants 
Carlsons Trophic State Index – a numeric scoring system used to classify the 
biological productivity of a water body and estimates that total amount of living biological 
matter in the water on a 0 – 100 scale 
Cation – positively charge atom or molecule dissolved in water 
Chemical Compound – a substance made of two or more different elements joined 
together and dissolve in or mix with water 
Chlorides – dissolved chlorine ions (Cl−) that form when salts dissolve in water 
Chlorophyll a – the green pigment that aquatic plants and algae use to turn sunlight 
into food 
Chlorophyll a degradation – the natural breakdown of chlorophyll a as algae and 
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aquatic plants die, are eaten, or are exposed to sunlight 
Coastal Aquatic Habitat – an area where land and water meet, oftentimes saltwater 
from the ocean mixes with freshwater from rivers 
Coastal Rivers – waterways near the ocean where the flow of freshwater interacts with 
ocean tides and salt water, serving as vital transition zones that move rainfall, sediment, 
and nutrients from the land and into waterways 
Color comparator – a device used to find the concentration of a chemical in a solution 
by comparing a treated sample next to colored glass discs 
Concrete Weathering – the breakdown of concrete by water and weather; water enters 
small holes in the concrete, freezes, expands, and breaks apart the concrete over time 
Conductivity – measurement of a water’s ability to pass an electrical current 
Corrosion Inhibitor – a substance added to water that effectively reduces or prevents 
the corrosion of exposed metal into rust 
Creek – a natural, shallow stream of running water; smaller than a river and often serves 
as a tributary that feeds into a larger body of water 
Critical Thermal Maximum (𝑪𝑻𝒎𝒂𝒙) – the upper water temperature limit where an 
aquatic animal loses muscle control 
Dam Spillway – a safety structure designed to control the floodwaters when a reservoir 
is full 
Decaying organic material – material from once-living plants and animals as it 
breaks down into simpler organic and inorganic matter 
Decomposer bacteria – microscopic single-celled organisms that break down dead 
plants, animals, and waste 
Decomposition – the process of breaking down a complex substance into simpler parts 
Detergent wastewater – water containing synthetic surfactants, chemical builders, or 
dirt particles, generated from domestic washing or industrial processes 
Dilution – the process of making a liquid or a substance less strong or less concentrated 
by adding more liquid or thinning agents, like water 
Discharge – also called flow, refers to the volumetric amount of water carried by a body 
of water per unit of time, expressed in cubic feet per second (cfs) 
Dissolved oxygen – a measure of how much oxygen is dissolved in the water or the 
amount of oxygen available for use by living aquatic organisms 
Distilled water – water that has been purified through the process of distillation 
DO capacity of water – the maximum amount of oxygen that water can hold at a 
specific temperature, pressure, and salinity, typically expressed in milligrams per liter 
(mg/L) or as a percentage of saturation 
Downstream – moving in the direct of the current, toward the mouth of the stream or 
the sea 
DPD colorimetric method – a standard technique used to measure the free and total 
chlorine in water 
Dredging – the removal of sediment from the bottom of waterbodies 
Dissolved salts – ionic compounds present in water as ions, expressed as salinity 
Duplicate precision – measure of agreement between two identical samples analyzed 
under identical conditions 
Electrical current – the flow of electric charge through a conductor in water 
Electronegative – an atom with a strong power to pull shared electrons towards itself 
during a chemical bond 
Electrons – a small subatomic particle that carries a negative electrical charge 
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Endpoint – the moment during a titration when an indicator changes color 
Estuarine animals – species that live in estuaries, tolerating changes in salt levels, tidal 
movement, and water density fluctuations in nutrient-rich brackish habitats 
Estuary – coastal zones where freshwater from rivers mixes with saltwater from the 
ocean 
Eutrophication – when excess nutrients allow for rapid growth of algae and plants, as 
bacteria break these organisms down, they use up the oxygen in the water and create dead 
zones where aquatic life cannot survive 
Excess nutrients – when too much nitrogen and phosphorous exist in an environment, 
typically caused from stormwater runoff draining fertilizers, pesticides, animal waste, and 
city sewage into a downhill waterway 
Excessive nutrient loading – the total mass of chemical elements that enter a 
waterbody over a given time, exceeding the natural carrying capacity of the water and 
driving severe ecological imbalances 
Fixed solution – a water sample where the dissolved oxygen content has been 
chemically trapped/preserved, preventing any further chemical changes before titration 
Flocculation – a process where suspended particles in a liquid clump together and form 
larger, loose clusters called flocs 
Flow rate – the volume of water passing through a specific point or cross-sectional area 
per unit of time, calculated using the equation Q = A x v where Q is volumetric flow rate, 
A is area, and v is velocity. Expressed in cubic feet per second (cfs) 
Geology – the study of Earth, its solid materials, its structure, and the changes it 
undergoes overtime 
Groundwater inflow – the movement or seepage of water from saturated underground 
soil or rock into a water system 
Headwaters – source streams at the initiation points of river networks, located at the 
furthest point from where a water body empties or merges with another 
Heavy metals – naturally occurring metallic elements with a high density and a high 
atomic weight compared to water 
Hydrogen ions – created when a hydrogen atom gains or loses an electron 
Hypoxia – a low-oxygen state in a habitat where reduced levels of oxygen are available 
in the water 
Imhoff cone – a clear, cone-shaped vessel, marked with volume graduations, and used 
in labs to measure the volume of settleable solids suspended in water over a set period 
Impervious surfaces – hard or compacted ground cover that prevents or heavily 
reduces the ability of water to soak into soil. Instead of being absorbed, water stays on top 
of the surface and turns into stormwater runoff 
Impoundments – a man-made body of water created by damming, blocking, or 
excavating a natural stream or river 
Industrial effluents – liquid waste streams generated by industrial production 
processes that are discharged into waterbodies or municipal sewage systems after use 
Industrial point discharge – a form of point source pollution where a factory, plant, 
or industrial facility releases treated or untreated wastewater and pollutants directing into 
the environment or a municipal sewer system 
Industrial water – water used in industries for processes, manufacturing, cooling, 
washing, or transporting products. Once used, this water is polluted and becomes 
industrial effluent 
Inert materials – a substance that does not chemically, biologically, or physically react, 
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change, or decompose under normal conditions 
Inorganic phosphorus – non-carbon-bound phosphate molecules completely 
dissolved or suspended in water, highly available for plant and algae uptake and acts as a 
key nutrient that drives algal blooms 
Inshore – shallow coastal water zones located near land such as bays, estuaries, and salt 
marshes that experiences strong tidal influences 
Internal water balance – the equilibrium an organism maintains between water 
intake and water loss within its body to ensure cellular survival and stability 
Inversely related – when one variable causes a decrease in the other, or when a 
decrease in one causes an increase in the other 
Invertebrate – an organism without a backbone or spinal column 
Ionic bonds – a chemical link formed when one atom gives up one or more electrons to 
another atom, creating a positive ion and a negative ion that stick together because their 
opposite electrical charges attract 
Ionization – the process of an atom or molecule getting a positive or negative charge 
through the loss or gain of electrons 
Lake – a large body of water surrounded by land on all sides 
Land disturbance activities – any human-made change to the land that exposes bare 
soil, alters topography, or changes stormwater runoff patterns 
Light penetration – the depth to which sunlight can travel within a water column 
Logarithmic scale – each whole number change on the pH scale represents a tenfold 
change in hydrogen ion concentrations 
Logging – the process of cutting and removing trees from an environment 
Marsh creek – a tidal or freshwater stream channel that winds through a marsh or 
wetland, vital to the ecosystem for its ability to flush water, move nutrients, and support 
of aquatic life adapted to the fluctuating tides and changing salinity 
Meniscus – the curved upper surface of a liquid inside a container or tube, take the 
measurement of volume at the bottom of the curve and always read the level with the 
container at eye level with the liquid 
Mesohaline – a brackish water environment with salinity levels ranging from 5.0-18.0 
parts per thousand (ppt), this intermediate zone typically is found in estuaries, tidal 
creeks, and coastal marshes where freshwater mixes with saltwater 
Mesotrophic – a body of water with a moderate amount of nutrients and a balanced 
level of biological productivity. It represents a mid-range transition state between 
oligotrophic (nutrient-poor) and eutrophic (nutrient-rich) waterbodies 
Metabolism – all life-sustaining chemical reactions that happen inside the cells of living 
things such as the conversion of food into usable energy, the creation of building blocks 
needed for growth, and the removal of waste products from the body 
Microbes – also called microorganisms, are very small living things unable to be seen 
by the naked eye including bacteria and microscopic fungi or algae 
Microorganisms – also called microbes, very small living things not visible with the 
naked eye including bacteria and other microscopic organisms like fungi or algae 
Microscopic – an object or organism too small to be seen with the naked eye, requiring 
tools such as a microscope to view it 
Microsiemens – the standard unit of electrical conductance, measures how easily a 
material or liquid carries an electrical current, expressed in microsiemens per centimeter 
(μS/cm) 
Mine drainage – the discharge of water from active or abandoned mining operations, 
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which may be contaminated and acidic, leading to environmental degradation 
Natural conditions – the physical, chemical, and biological state of environment that 
exists without changes or alterations from humans. Used as a baseline to measure human 
impact, study ecosystems, and test organisms in natural conditions 
Neutralize acidic pollution – the process of adding an alkaline or basic substance to 
an environment that is polluted with acidic substances such as acid raid and factory 
exhaust, causing a chemical reaction that brings the pH level closer to a neutral 7.0 
Negative charge – a particle with more electrons than protons 
Net consumption of DO – a measurement of oxygen in a water system to determine if 
more oxygen is consumed than is produced. Calculated by the total amount of oxygen 
removed from a water body by processes like respiration and decomposition minus the 
oxygen added by re-aeration and photosynthesis 
Nitrate-nitrogen levels – a measurement of the exact nitrogen mass inside nitrate ions 
found in water 
Nitrates – a soluble chemical compound made of nitrogen and oxygen and essential 
plant nutrients that serve as an indicator of organic pollution and agricultural runoff in 
ground and surface water 
Nitrification – the microbial process in which ammonia is oxidized to nitrate 
Nitrogen – dissolved gas, organic compounds, and inorganic ions like ammonia, nitrate, 
and nitrite in water than drives aquatic plant growth. In excess, nitrogen causes algal 
blooms and oxygen depletion, ultimately leading to eutrophication 
Nitrogen cycle – how nitrogen moves through the land, air, and water, changing from 
an unusable gas into chemical forms that organisms use to build proteins and DNA 
Nonpoint source pollution – a kind of pollution that doesn’t come from a single 
source, but from many sources, generally resulting from stormwater runoff carrying 
pollutants into a waterbody 
Nutrients – elements essential for plant growth including nitrogen, phosphorous, 
potassium, calcium, magnesium, sulfur, and silicon 
Nutrient availability – how chemical elements like nitrogen and phosphorous 
dissolve, move, and become accessible to aquatic life 
Oligohaline – brackish water with a low salinity level ranging from 0.5 – 5.0 parts per 
thousand (ppt), typically sits at the boundary where freshwater mixes with saltwater in 
the upper reaches of estuaries and tidal marshes 
Organic material – any carbon-based compound from the remains, waste, or life 
processes of organisms, entering aquatic systems from stormwater runoff or internal 
ecosystem production 
Organic phosphate – a molecule of phosphorous bound to a carbon-based structure. 
Unlike inorganic phosphorous, organic phosphorous must be broken down by bacteria 
into simpler forms before being used by aquatic life 
Orthophosphate – a form of phosphorous dissolved in water that makes them easy for 
use by aquatic organisms 
Osmoregulation – process of organisms keeping a stable balance of water and 
dissolved salts within their cells 
Oxygen depletion – a reduction in the concentration of dissolved oxygen availability in 
a waterway 
pH – a measurement of the balance of free hydrogen and hydroxyl ions, determining how 
acidic or basic a liquid is on a scale from 0 – 14.  
Phosphorous – phosphate compounds in waterways measured as a nutrient  
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Phosphorus cycle – the natural process of phosphorous moving through rocks, soil, 
water, and living things 
Photic zone – the top layer of a waterbody that sunlight can penetrate through 
Photosynthesis – process of plants, algae, and some bacteria using sunlight, water, and 
carbon dioxide to creating the byproducts oxygen and sugar 
Phytoplankton – microscopic plant0like organisms that make the base of the marine 
food web, playing a key role in removing carbon dioxide from the air, and use 
photosynthesis for food 
Pollutants – any substance added to water that harms its quality, degrades ecosystems, 
or makes the water unsafe for use 
Point source pollution – a single, identifiable, and confined place that discharges 
waste or harmful chemicals directly into waterways  
Pollution tolerant organisms – an organism that can survive in environments with 
low oxygen, high nutrients, or toxic chemicals 
Pollution sensitive organisms – small aquatic organisms that cannot survive in dirty 
or low-oxygen waters, often used as bioindicators to determine the health of a water body 
Polyhaline – tidal or estuarine waters with high salinity levels ranging from 18.0 – 30.0 
parts per thousand (ppt) representing the densest brackish water category found before 
transition zones merge into full ocean salinity 
Ponds – small and shallow waterbodies with a maximum depth of 5 meters (5.5 yards) 
and a surface area under 5 hectares (12.35 acres) 
Pool – deep, low current reach of a stream or river where water moves slowly and the 
surface is smooth, forming a natural basin where fine sediment, organic matter, and sand 
settle to the bottom  
Positive charge – occurs when a particle has more protons than electrons 
Potash – a group of water-soluble, potassium-containing salts that serves as a primary 
nutrient source  
Precipitation – water released from clouds in the form of rain, freezing rain, sleet, 
snow, or hail 
Precision – how close repeated measurements are to each other, showing the 
consistency and repeatability of a tool or test, independent of accuracy 
Productivity of a system – the rate at which energy is added to the bodies of organisms 
in the form of biomass, measuring how fast a system generates new organic matter per 
unit area over time 
Proxy – an indirect measurement that stands in place for something that cannot be 
measured directly 
QA/QC – Quality Assurance (QA) and Quality Control (QC) are both parts of quality 
management where QA is a proactive system of setting rules and methods that prevent 
errors in data and experiments and QC is a reactive process of testing and checking to find 
errors in data and samples before results are published 
QAPP – Quality Assurance Project Plan (QAPP) is a formal document required by the 
US EPA that outlines all factors of data collection to ensure it is accurate, reliable, and 
legally defensible 
Reagents – any substance added to a system to cause a chemical reaction 
Refractometer – a device used to measure the refractive index of liquid or solid samples 
Reservoirs – a natural or artificial area where large amounts of water are collected, 
stored, and managed for future use 
Residential land – property zoned for use in human housing, which combines 
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impervious and pervious services that alter stormwater runoff, groundwater recharge, 
and surface water quality 
Respiration – the process of organisms using oxygen to break down food for energy 
resulting in water vapor and carbon dioxide as byproducts 
Riffle – a shallow, fast-moving, turbulent section of a waterway where water tumbles 
over rocks, gravel, or boulders 
River – a natural, flowing stream of freshwater that moves downhill through a channel 
from high to low land using gravity and empties into an ocean, lake, or another river 
River inflow – total volume of water that enters a specific water channel from outside 
sources over a set period 
Runoff – the precipitation, snowmelt, or irrigation that does not soak into the ground 
but flows over the land and empties into a downhill body of water 
Salinity – the measure of dissolved salts in water, expressed in parts per thousand (ppt) 
Salt marsh – coastal wetlands that are regularly flooded and drained by salt water 
brought in by tides 
Saturation point – the maximum limit where water can hold, dissolve, or absorb 
another substance at a specific temperature and pressure before excess amount stop 
mixing and separate 
Seaward – movement, flow, or orientation directed away from the land and toward the 
open ocean 
Secchi disk – a circular plate with black and white quadrants used to measure water 
clarity, transparency, and turbidity 
Sediment – loose, solid pieces of material such as sand, silt, clay, or organic matter, that 
move via erosion, float in water ways, and settle at the bottom of waterbodies 
Sedimentation rate – the speed at which suspended solid particles settle to the body 
of a water body 
Settleable solids – the heavy suspended particles in water that sink to the bottom over 
time, measured using an Imhoff Cone and expresses in milliliters per liter (mL/L) 
Sewage overflow – when untreated wastewater discharges from a municipal sewer 
system into the environment 
Sewage system – a network of underground pipes, pumps, and facilities that carry dirty 
water and waste from homes and businesses 
Single celled organisms – microscopic organisms that form the base of aquatic food 
webs, made of a single cell 
Soil erosion – a natural or human-accelerate process of topsoil becoming detached, 
lifted, and transported away from one location by the impact of precipitation and the flow 
of surface water runoff 
Soluble – a substance that can dissolve in water to make a clear mixture called a solution 
Sounds – a large, wide body of brackish or salt water that connects two larger bodies of 
water, usually forming a channel between a mainland and an island 
Spatially variable – a water-quality property that changes from one geographic 
location to another, rather than being uniform across an entire area, such as salinity, soil 
moisture, and rainfall intensity 
Spawning area – a specific site where aquatic organisms gather to release eggs and 
sperm for reproduction, usually provide safe conditions like proper water flow, 
temperature, and gravel beds that protect fragile eggs 
Spectrophotometric procedure – a method to measure how much light a water 
sample absorbs at specific wavelengths 
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Spillway – a structure built on a dam or reservoir to control the amount of released 
excess water safely  
Stream – any body of running water that moves downhill through a natural channel and 
used as a general term for all flowing surface waters 
Stream bank erosion – the wearing away and removal of soil, rock, or sediment from 
the sides of a stream or river from flowing water 
Stream system – a network of running surface water moving downhill through a 
natural channel 
Streambed – the bottom channel floor of a water channel where normal water flow is 
physically confined 
Submerged aquatic vegetation – rooted aquatic plants that grow completely under 
water 
Suspended particles – solid matter larger than 2 microns that remain trapped or float 
in a waterbody rather than dissolving, commonly measured as total suspended solids 
(TSS) 
Tannins – water-soluble organic compounds released from decaying plant matter, 
leaves, roots, and bark, that create an amber or tea-like color, lower pH, and create 
“blackwater” conditions in aquatic environments 
Temperature – a measurement of the average kinetic energy of water molecules in a 
system, determining how hot or cold the water is 
Terrestrial – features, processes, organisms, or water storage located on or within the 
Earth’s landmasses 
Thermal upwelling – the upward movement of water driven by temperature 
differences and brings up deep, cold, nutrient-dense water to the surface and replaces 
warmer surface water that was pushed away from wind or density shifts 
Tidal Action – the periodic rise and fall of ocean water levels and the horizontal 
movement of currents caused by gravity and centrifugal forces of the Earth, Moon, and 
Sun 
Tidal river – a freshwater or low-salinity stream where water levels and flow directions 
regularly rise, fall, and reverse due to ocean tides 
Tidal stage – a phase in the cyclic rise and fall of tides and defined in four main vertical 
and transitional stages: high tide, low tide, flood tide, and ebb tide 
Titration – a method used to find the exact amount of a substance dissolved in a water 
sample 
Total residual chlorine – the sum of combined available chlorine and free available 
chlorine 
Total suspended solids – the dry weight of solid particles in a water sample, measured 
in milligrams per liter (mg/L) 
Treated sewage – wastewater that has passed through cleaning processes to remove 
solid waste, harmful bacteria, and chemicals so it can be returned to nature or reused 
safely 
Trend analysis – using quantitative methods to detect and explain long-term changes 
in water quality data overtime  
Tributary – a smaller stream or river that flows into a larger body of water like the main 
river, adding water dirt, and nutrients to the larger main stream 
Trophic status – measure of the productivity and nutrients of an ecosystem based on 
the amount of living plant and algal biomass it sustains 
Turbidity – a measure of the scattering of light by suspended particles  



35 

 

Turbidity meter – also called a turbidimeter, measures turbidity in water 
Unnatural inorganic dissolved solids – man-made minerals, metals, and salts 
dissolved in water from human activities 
Upstream – the direction towards the sources or headwaters of a river channel, moving 
opposite to the flow and towards a higher elevation 
Urban runoff – surface water runoff that flows over impervious surfaces in cities and 
towns, entering storm drains and flowing directly into local waterbodies 
Wastewater – any water with chemical, physical, or biological qualities compromised 
by human use 
Water clarity – measurement of how far light can pass through a water column or how 
free the fluid is from suspended solids and cloudiness 
Water column – a vertical section of water stretching from the surface to the bottom 
sediments of a water body 
Water density – the mass of water in a specific volume, measured as 1 g/mL 
Water flow – the movement of water from one place to another, driven by gravity and 
pressure 
Water softeners – an appliance that uses ion exchanges to remove calcium and 
magnesium found in hard water and replacing them with sodium or potassium ions 
Water surface area – a two-dimensional horizontal expanse of a water body exposed 
to the atmosphere, used for calculated evaporation rates, gas exchange, heat storage, and 
habitat size for aquatic life 
Water transport – the movement of water molecules from one place to another 
Weathering – the breakdown of rocks and minerals by water, air, and living things 
Winkler titration – a series of redox reactions used to measure the concentration of 
dissolved oxygen (DO) in water 
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