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Students will be able to:

1. Explain the importance of surface water quality monitoring.

2. List and describe the various types of contaminants that may be monitored for.

3. Explain how the purpose of a water quality project affects the design of the sampling procedure.

4. Explain how timing of sampling can be critical for studying water quality.

Suggested Activities:

3.4A
Students design a water sampling program for a local creek or stream.   

3.4B
Students conduct a survey to determine the biotic health of a stream (Activity  3.5A).
Teaching Outline:

I.  Stream Water Quality Monitoring

A.  Importance of Water Monitoring and Basic Concepts

1.
Monitoring water quality in creeks, streams, sloughs and lakes is a critical issue facing agriculture and natural resource managers in California and the nation.  The potential for surface water contamination is great.  Potential sources of surface water pollution include:
a.
Animal wastes containing nutrients and pathogenic organisms.

b.  Chemical contamination from pesticides and herbicides used in agriculture and in homes and gardens.

c.  Gas, oil and solvents used by vehicles, service stations, and industry.

d.
Heavy metals such as lead, mercury, and selenium which may come from industrial or natural sources.

2.  What to monitor:  Depending on the purpose of the monitoring program the following may be tested for.

a. Sediment – soil and other particles which will settle out of a water sample when it is left to stand.  Sediment may be filtered from the water sample, dried and weighed to determine sediment concentration.

b. Turbidity-a measure of the cloudiness of water due to dissolved and suspended solids.  An inferometer is a device which measures turbidity by determining how much interference the water presents to a beam of light shone through the water.

c. Nutrients – Nitrogen, phosphorous, and potassium may be tested for in the same manner as testing soil solutions.  The overall salt content can be estimated by measuring the electrical conductivity (EC) of the sample.
d. Temperature – measured using a thermometer or thermocouple.
e. Dissolved oxygen – when bacteria and algae thrive in a body of water they can reduce the level of dissolved oxygen below that required for fish and other organisms.  Dissolved oxygen can be measured with low cost oxygen meters built for this purpose., 
f. pH – may be measured using test strips or with a pH meter as is done for soil solutions. 
g.  Bacteria – are cultured and counted using a microscope
h.  Heavy metals – chemical tests similar to those used on soils.  Test kits may be obtained from various sources.
i. Pesticides and herbicides – testing for these materials can be quite difficult.  Usually requires the use of a gas chromatograph or other sophisticated instruments.  

j.
Sometimes a bioassay is used to determine water quality.  Organisms such as fish or various micro-organisms are placed in a sample of the water to be tested for a period of several days.  Counts are made to determine how the organisms are doing in the water.  
3.  Levels of contaminants are measured in two ways:

a. Concentration:  Measured as the mass of the contaminant per unit of volume such as grams per liter.  For liquid or dissolved contaminants another measure is in parts per million (ppm). 

b. Load (eg. sediment load) is based on the amount of contaminants entering a body of water during a defined period of time.  Commonly used units are load during a particular runoff event (tons/storm) or over the course of an entire season or year (tons/year).

B.   Designing a Water Quality Monitoring Program (TM p 25).  Developing a water quality monitoring program is a process of answering questions and understanding the system to be studied.

1. Why monitor?  This is the most important question:  What are the monitoring objectives?  What do you want to learn about the system?

2. Example reasons for monitoring.

a. What is the sediment concentration in runoff from my dairy lot? 

b. What is the contribution of my runoff to sediment concentrations in the neighboring creek?  Are sediment concentrations increased where the stream flows by or is there no effect?

c. What effect would developing a buffer between the dairy lot and the creek have on my contributions of sediment to the creek? 

3. Answering the question “why monitor” tells us what to monitor for.

4. Where, when and for how long?  This question can only be answered by carefully defining and understanding the system to be monitored.

C.  Where to Monitor. - In order to determine where to monitor one must consider the source of the pollutant and the means by which it is transported to the body of water to be monitored.

1. There are two primary types of pollution sources:  Point sources and non-point sources.

a. Point sources of pollution are single, stationary sources of pollution such as a feedlot, dairy lagoon, parking lot or similar site known to be a source of pollution.

b. Non-point sources such as pastures, field, and orchards where the source of pollution may move around or be distributed over a large area.

2. Transport Mechanisms:  How is the pollution moved from the source to the body of water?  In some cases the transport mechanism is an act of nature, in others a feature of the management system.

a. Rainfall

b. Snowmelt

c. Irrigation water

3. Once it is known where contaminants are likely to enter a body of water to be monitored, the location of sampling can be determined.

a. For a stream or a river it is important to sample above and below the location where contaminants may be entering the stream (TM p 26).

b. For ponds and lakes sample where the contaminants may be entering and in a location far from the point of entry.

D.  When to monitor:  Timing is critical, determining when to monitor is the most difficult aspect of water quality monitoring.

1.
During a runoff event such as a rainstorm, the concentration of contaminants in the runoff can vary considerably from the beginning of the storm to its end.  Also, different types of contaminants may be affected differently and show up during different stages of the storm ).

2.
In the transparency on page 26, flow during a rainfall event is shown in cubic feet per minute (cfm).  Note that in the case of bacteria, sediment and turbidity the concentration peaks before maximum flow.  If you monitored only on the decreasing part of the flow curve, you would miss most of the contaminants.

1. For water soluble contaminants (acids, nitrates, salts) the concentration varies directly with the level of flow.  At low flows the concentration is higher than at high flow rates.

2. Because of changes in concentration of contaminants with flow rate it is necessary to sample several times during a runoff event:  At the beginning (beginning flow) in the middle (peak flow), and near the end (decreasing flow).

3. Seasonal variation can also cause problems in monitoring.  Transparencies on pages 28A & 29B, shows how concentrations may be high during the first rains of the season and then decrease during later rains.  Thus sampling early, mid and late season may be necessary.

4. The timing of management practices such as adding fertilizer, spreading manure, or tillage may also affect contaminant concentrations (TM p 29C).

5. Changes in the amount of runoff from year to year can also cause variation.  It is essential that runoff events be well described and quantified to assist in analyzing data.  For example TM on page 30 shows a buffer strip being planted between a dairy and a stream.  To make a valid comparison between contamination before and after planting the strip, you need to compare contaminant concentrations in runoff from a similar sized storm at about the same time in the season.

E.  Analyzing findings.  How confident are you in your results?  Check for the following:

1. Were the objectives of the study met?  Did the type of data collected reflect the problem being studied?

2. Were all of the possible sources of the contaminant identified?  Could contaminant have come from a different source than that being studied?  Are there transport mechanisms which were not considered.

3. Were sampling activities properly timed to insure valid comparisons?

4. Were any errors made in sampling procedures or testing of samples?
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Any objective is valid, but those that are ill-defined raise more questions than they answer.  
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Complexity & Difficulty





What are the monitoring objectives?


What do you want to learn about the system?





		What is the sediment concentration in runoff from my 


		airy lot?


		What is the contribution (increase vs. no effect) of my 


		runoff to sediment concentrations in clear creek?


		What effect would developing a buffer between the dairy


 		lot and clear creek have on my contribution to the creek?


  





Why?�The single most important question!





To account for variation in concentration of contaminants during a runoff event, sample during increasing flow, peak flow, and decreasing flow.
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B. NPS from irrigated pasture
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A. Non-point source from rangelands





Timing Can be Everything!
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A.  Runoff flow and contaminant concentration for rangeland entire rainy season. 





Longer term trends in contaminant concentrations





C. Irrigated Pasture - Midseason Fertilizer Addition
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100 lb./ac. fertilizer





B.  Irrigated Pasture Entire Summer Season
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Longer term trends in contaminant concentrations





Above & Below Monitoring Scheme
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Note:


Timing should be the same relative to peak flow.  
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Note:  Don’t forget timing.  





Before and After Monitoring combined with Above and Below





Following the first year’s Above and Below monitoring, a vegetated filter strip is planted to lower sediment contributions from the dairy lot.  





Evaluating Impacts of a Buffer Strip
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