This water quality project has been designed around a monthly sampling routine for the extent of the project scope.  One of the sampling days involved three different classes, each class sampling a different station.  This project measured several biotic / abiotic factors to determine the interrelatedness of these factors.  At each station, the following abiotic factors were measured utilizing Vernier probes in conjunction with TI- Nspire Calculator; water temperature, salinity, dissolved oxygen, pH, turbidity, ammonium ion concentration, and nitrate ion concentration.  The biotic factor was measured is chlorophyll a concentration using the Ocean Optics spectrometer.  

Materials

TI- Nspire Handhelds

TI- Nspire Lab Stations

TI- Nspire Navigator Teacher Software

TI- Nspire Navigator System

Vernier Dissolved Oxygen Probe

Vernier Go! Temp Probe

Vernier pH Sensor

Vernier Turbidity Sensor

Vernier Salinity Sensor

Vernier Colorimeter

Colorimeter Cuvettes

Ocean Optics Red Tide VIS-NIR Spectrometer

Whiffle Ball Water Sampler

Water Sample Bottles

Lamotte Colorimetric Nitrate-Nitrogen Test Kit

Lamotte Colorimetric Ammonia-Nitrogen Test Kit

Water Collection Procedure

1)
Open the whiffle balls on each end of the sampler and place the pin in the hole

2)
Carefully begin lowering the sampler into the water to sampling depth

3)
When you reach your mark, stop

4)
Make sure that you are holding the sampler horizontally in the water column and double check your mark

5)
Now, give a quick tug on the rope.

6)
Slowly raise the sampler to the surface and bring it onshore

7)
Put a sample bottle under the tube with the clamp and release the clamp.  You should collect enough water to fill the bottle full.

TI- Nspire Data Collection
The document named (water quality.tns) is subdivided into seven different water quality parameters; Dissolved Oxygen, Water Temperature, pH, Salinity, Turbidity, Nitrate Ion Concentration, and Ammonia Ion Concentration.  Three measurements will be taken for each parameter at a sampling duration of 60 seconds at a rate of 2 samples / sec so that the readings might stabilize.  These multiple data measurements will be averaged in order to normalize the data.  
1.  Open document (Water Quality.tns) on the TI- Nspire handheld and scroll to the desired water quality parameter to be measured.
2. Plug in the appropriate Vernier sensor for the water quality parameter to be measured.

3. Place the probe into the sample bottle and let the reading stabilize then press Start

4. Repeat the procedure for two more runs, storing the latest data set as you continue on.

5. After three runs, then transfer the water quality readings from Run 1 in the data quest window into the column of the following spreadsheet labeled Run 1.

6. Continue this procedure for the following two runs (Run 2 and Run 3).

7. The spreadsheet will calculate the average reading within each run and then the average reading across all three runs.  

LaMotte Colorimetric Ammonia-Nitrogen / Vernier Colorimeter Method

Calibration of Vernier Colorimeter

1.
Rinse and fill a colorimeter cuvette with sample water.

2.
Insert the cuvette into the Vernier Colorimeter connected to a TI- Nspire handheld.  Close the lid of the colorimeter.  This cuvette serves as the blank or zero.  

3.
Press the < or > button on the Colorimeter to select 430 nm for this method

4.
Next, press the CAL button to begin the calibration process.  Release the CAL button when the red LED begins to flash

5.
When the LED stops flashing, the calibration is complete.

Sample Processing

1.
Fill the test tube with 5 mL of sample water.

2.
 Add 5 mL of Mixed Acid Reagent to the tube.  

3.
Cap and mix.  Wait 2 minutes.

4.
Use the 0.1 g spoon to add one level measure of Nitrate Reducing Reagent.

5.
Cap tube.  Invert tube slowly and completely 50 - 60 times in 4 minute to insure complete mixing.

6.
Wait 10 minutes for maximum color development.

7.
Transfer sample water from test tube to colorimetric cuvette.

8.
Insert sample cuvette into colorimeter 

LaMotte Colorimetric Ammonia-Nitrogen / Vernier Colorimeter Method

Calibration of Vernier Colorimeter

1.
Rinse and fill a colorimeter cuvette with sample water.

2.
Insert the cuvette into the Vernier Colorimeter connected to a TI- Nspire handheld.  Close the lid of the colorimeter.  This cuvette serves as the blank or zero.  

3.
Press the < or > button on the Colorimeter to select 430 nm for this method

4.
Next, press the CAL button to begin the calibration process.  Release the CAL button when the red LED begins to flash

5.
When the LED stops flashing, the calibration is complete.

Sample Processing

1.
 Fill the test tube with 10 mL of sample water.

2.
Add 8 drops of Ammonia Nitrogen Reagent #1.  Cap and mix.

3.
Use 1.0 mL pipet to add 1.0 mL of Ammonia Nitrogen Reagent #2.

4.
Cap and invert to mix.  Wait 5 minutes for full color development

5.
Transfer sample water from test tube to colorimetric cuvette.

6.
Insert sample cuvette into colorimeter.

Ocean Optics Spectrometer

1.  Plug in Ocean Optics Spectrometer into computer with Logger Pro installed.

2. Place a blank cuvette into the spectrometer for calibration

3. Calibrate sensor using Logger Pro software (Experiment >Set Up Sensor > Spectrometer1).

4. Run samples through the spectrometer (Collect)
Teacher Information

1. Separate TI- Nspire handhelds should be assigned for each water quality parameter.  This procedure will eliminate many problems encountered with the use of multiple Vernier probes and the same handheld.

2. To make data collection more efficient, you should label the handhelds and assign a group to collect data for only one Vernier sensor.

3. In order for the Vernier probes to warm up and stay within calibration during sampling, the sensor must be powered continuous.  Go! Link or EasyLink, with a computer, and the TI- Nspire Lab Cradle deliver continuous power once the data collection software is started.
4. All probes must be calibrated the first day of use.  Calibration of the probes can be accomplished before sampling and the calibration values saved to the handheld.  The students can then skip the calibration procedure and manual enter calibration values.
5. A plastic sampling bottle is recommended for collecting water samples with a screw top lid.  Filling this bottle to the brim will prevent changes in water quality parameters.
6. If multiple water sampling bottles are used then a water sampler (Van Dorn type) should be employed to create a subset of samples.

7. The Vernier Ammonium and Nitrate Ion-Selective Electrode were determined not to be compatible for testing in brackish waters with salinities of 25 to 35 ppt.
8. A colorimetric method was developed for the analysis of ammonium and nitrate ion concentration which have be used in place of the Vernier Ammonium and Nitrate Ion-Selective Electrodes.

9. The Ocean Optics spectrometer is not compatible with the TI- Nspire handheld and must be connected to a computer to collect data.

