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A Water Field Study 
1.
The student pages with complete instructions for data collection using the NXT can be found on the CD that accompanies this book. See Appendix A for more information.
2.
Take great care to ensure the safety of your students while collecting data and observations in the field. Follow local guidelines concerning field-trip chaperones.

3.
There are two methods described in the student procedure for collecting data outside of the school:

· Method 1—Use this procedure if you have a laptop computer available to use with the NXT. This method has students take a battery-powered NXT and the laptop outdoors to make temperature, pH, and conductivity measurements. 

· Method 2—Use this procedure if you do not have a laptop computer, and want to use the NXT as a remote, stand-alone unit. This method has students take a battery-powered NXT outdoors without a computer, make temperature, pH, and conductivity measurements while outdoors, then return to a computer in the classroom to upload the data. The programs to do the data collection are “10 Temperature”, “10 pH”, and “10 Cond2000” and they are on the CD that accompanies the book. These programs display the readings at the same time that they store data, so you get some feedback as you do the experiment. The NXT will beep after the 10 seconds of data collection.
4.
If you are using the NXT outside the classroom, be sure it has fresh AA batteries for the day of the experiment.

5.
The Vernier Extra-Long Temperature Probe (order code: TPL-BTA) can be substituted in place of the Stainless Steel Temperature Probe. Also, instead of the Vernier Stainless Steel Temperature Probe in this lab, you can opt to use the NXT Temperature Sensor available from LEGO. If you use the LEGO temperature probe, you will need to use the Temperature Sensor block instead of the Vernier Sensor Block in NXT Programming 2.0 program.
6.
Even though there are four input ports on the NXT, students should not try to take readings simultaneously with three different Vernier NXT sensors. Some sensors interfere with each other while taking readings in the same solution (or region of a stream) when connected to the same NXT (e.g., the Conductivity Probe and pH Sensor).

7.
This test can be conducted on site or in the lab. As an alternative to the procedure outlined, your students could measure water temperature with a thermometer, collect samples in completely filled and sealed bottles, make visual observations on site, and then measure conductivity and pH in the classroom. It is important to obtain the water sample from below the surface of the water. If the testing cannot be conducted within a few hours, store samples in an ice chest or refrigerator.

8.
Be sure to demonstrate the pH Sensor cleaning sequence as you pre-lab the experiment.

9.
The pH Sensor should stand in buffer solution when not in use to keep it from drying out. The “Temporary Storage Solution” in which the pH Sensor is kept can be pH 7 buffer solution. The term “Temporary Storage Solution” is used in the student procedure to avoid confusing this storage solution with the experimental buffer solution and with the “Sensor Storage Solution” in the long-term storage bottle provided by Vernier Software & Technology.

10.

The “Temporary Storage Solution” used in this experiment is pH 7 buffer solution. It can be purchased from chemical supply companies. Vernier Software & Technology sells a package of capsules for preparing buffer solutions of pH 4, 6, 7, and 10 (Order Code PHB). The “Temporary Storage Solution” can be prepared using a recipe found in a Handbook of Chemistry and Physics. 

11.

The “Temporary Storage Solution” can be contained in baby food jars or some similar sealable containers. After your students finish using the pH Sensors, you should return them to the small, plastic buffer-filled bottles supplied by Vernier. The “Temporary Storage Solution” can be sealed and stored in its container for future use.

12.

In addition to Temperature Probes, Conductivity Probes, and pH Sensors, Vernier Software & Technology markets an extensive array of equipment for use in water quality studies. Dissolved Oxygen, Turbidity, and Flow Rate Sensors are just three such items.

13.

Vernier has another popular manual for water quality testing, Water Quality with Vernier (WQV). This book explains how to do water quality labs using Vernier interfaces, such as LabQuest.
14.

A Light Sensor can be used to measure water turbidity. Fasten the sensor pointing up on a ring stand. Fasten a small beaker directly above the light sensor so light passes through the contents of the beaker to reach the light sensor. Fill the beaker to the same level with each stirred sample to be tested. If available light is being used, cloud conditions must be constant for the results to be valid.

15.

The temperature program for remote data collection with the NXT was written to produce Celsius temperature readings. If you prefer to have your students use Fahrenheit temperature readings, you can open the “10 Temperature” program in NXT 2.0 Programming and change the Vernier sensor to Temp. TMP/STS deg F. You need to do this in two places: in the StartDataLog block and in the Vernier Sensor Block itself.
16.

If you do this lab with the NXT disconnected from the computer, remove unneeded files and programs from the memory of the NXT so there is room to store the data. If the NXT runs out of memory, you will get an incomplete run and no warning message.

SAMPLE RESULTS

Student results will vary depending on the body of water tested.
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Figure 1 Monthly Temperatures, Cowlitz River, Kelso, WA

	Table I

	Site
	200 m
upstream
	effluent from
sewage plant
	200 m
downstream
	2000 m
downstream

	Date
	12/5
	12/5
	12/5
	12/5

	Time
	9:45 am
	10:06 am
	10:34 am
	11:01 am

	Temperature (°C)
	6.9
	11.5
	7.2
	7.0

	pH
	7.7
	7.2
	7.6
	7.7

	Conductivity (S/cm)
	1010
	2590
	1210
	1010

	TDS (mg/L)
	505
	1295
	605
	505

	Clarity
	slightly muddy and not colorless
	clearer than river water, but yellowish
	slightly muddy and not colorless
	slightly muddy and not colorless

	Other observations
	river flowing gently, a few ducks nearby, no apparent algae growth, suspended material in the water
	rapid flow into river, several ducks in water, a suds trail from where effluent enters river
	suds trail from sewage outlet still observable, but dissipating, otherwise the water looks like water upstream
	fisherman nearby, river flowing gently, no apparent algae growth, suspended material in the water


ANSWERS TO QUESTIONS

1.
See data table. Use the conversion factor 2000 S/cm = 1000 mg/L. In other words, halve the conductivity values to get the TDS values.

2.
Answers will vary. In the Sample Results, the effect of a wastewater-treatment plant on river water quality was investigated. Although the effluent from the wastewater-treatment plant was warmer, had higher TDS, and had a lower pH when compared to the river water, these differences were apparently diluted away as the effluent mixed into the large volume of river water.
3.
Answers will vary. In the Sample Results, the effluent was warmer—apparently because it had been inside and underground during the cold weather at the time of the experiment. The effluent TDS was higher than the river water—apparently due to additional dissolved material. The effluent has a lower pH—apparently due to dissolved materials it contained.

4.
Answers will vary. In the Sample Results, the measurements made 2000 m downstream from the wastewater-treatment plant were essentially the same as those made 200 m upstream from the wastewater-treatment plant. The effluent apparently becomes so diluted that its presence has a negligible effect on water quality at this point downstream.

5.
Answers will vary. In the Sample Results, the water 200 m above and the water 2000 m below the wastewater-treatment plant were arguably better because they contained lower concentrations of waste material.

6.
Answers will vary.
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