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Instructors Guide to:

Turbidity Sensor
This activity will allow student to understand turbidity and electronic data collection by creating their own sensor to measure turbidity.
This lesson should be used as part of a unit discussing water quality. The focus of this lesson is on assessing the water quality by using objective measurements. The unit should also include discussions on what water quality is, how it affects living organisms, and what can impact water quality: pollution, run-off, erosion, etc.  

Turbidity is the measurement of total suspended solids within an aqueous solution.  Turbidity is measured by the amount of light that is diffracted by the suspended solids.  High levels of total suspended solids in water reduces the amount of light able to reach organisms inhabiting that body of water.  This can result in a lack of growth, decreased photosynthesis, and therefore decreases the amount of oxygen released into the water. The lower amount of turbidity, the better the water quality is.  Turbidity is caused by soil erosion into water sources, high amounts of phytoplankton caused by high levels of nitrogen or phosphates, release of storm water, sediment from construction, high levels of runoff.  Turbidity can be lowered by reducing soil erosion by planting along the banks of the water body, or containing and treating storm drain runoff.  

There are several ways to measure turbidity.  The most accurate method employs the use of an electronic instrument called a nephelometer or a turbidimeter, which measures the amount of light scattered.  The results are reported on Nephelometric Turbidity Units or NTU.

Test Kits are frequently used in classroom settings for sampling shallow water with students.  The results are reported in Jackson Turbidity Units or JTU.

1 NTU is approximately equal to one JTU, but there is no direct or easy way to make a true conversion.

The third, and oldest way to measure turbidity is to use a Secchi disk.  Secchi depth is reported in meters, centimeters, feet, or inches.

Preparation of Activity:

Prepare water samples of different levels of cloudiness in small clear containers with lids (all must be the same size).  Have at least three (preferably five) different visible levels:  clear water, slightly cloudy, and very cloudy.  Create cloudy water by pouring small amounts of very fine-grain sand and potting soil into water and then shaking the mixture up.
In the Classroom:

Grade Level: 5-12

Time: 1 hr.

Building Skills: simple building

Programming Skills: Investigator 2
Turbidity Sensor
Turbidity is the measurement of total suspended solids in the water or the cloudiness of the water.  Turbid water prevents light from reaching organisms so that photosynthesis cannot occur.  
Challenge

Build and program a turbidity sensor using the Lego Mindstorms Robotics Kit.  Use your turbidity sensor on different samples of water in order to get an objective measurement of turbidity in each sample. For each sample, obtain 10 data points at the rate of 1 data point per second and plot the data on a graph. After getting data for every sample, plot all of the data on one graph and rank the samples in order of turbidity. 
Materials 
Turbidity Meter:

Light sensor, lamp, RCX, small clear bottle, Lego bricks, cardboard box big enough to enclose the turbidity sensor (only necessary in very bright environments)
Samples:

5 water samples of different turbidity

Skills Learned


Sensor Design, Data Collection and Analysis, calibration (an extension activity)
Procedure

1. Begin by building a turbidity sensor. The turbidity sensor is composed of a lamp, a light sensor, and some Lego blocks. There are three guidelines that should be followed for building the turbidity sensor. The first is that the lamp should be in the same plane as the light sensor and directly across from it. The sample container will be placed in the space between the lamp and light sensor. See picture below for an example.
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The second guideline is that the light sensor and lamp should be as close as possible to the wall of the clear container. This will minimize the amount of light reflected off the container.

The third guideline is the red LED (the red light) on the light sensor must be blocked or it will interfere with the turbidity readings. To block the red LED while keeping the white detector exposed, place a 2x1 (or any sized) beam in front of the light sensor.  Black beams work the best. Two examples of the beam placement are shown in the pictures below. 
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2. After building your turbidity sensor, don’t forget to connect the light sensor and lamp to the RCX using the wire connectors. We recommend using Port A for the lamp and Port 1 for the light sensor. 

3. Now you are ready to program the turbidity sensor. To do this, navigate to the Investigator portion of Robolab. In Investigator, select Program Level 2. Program Level 2 will allow you to turn on the lamp and take data at the same time. The picture below shows how to program the turbidity sensor to take 10 data points at the rate of 1 data point per second. 
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4. Use your programmed turbidity sensor to obtain turbidity measurements of all the different water samples available to you. After each measurement, load the data into the computer so that it can be graphed. Graph all data on one graph and compare the measurements. Which was the most turbid? which was the least turbid? Make sure you know which data set is for which sample. You should end up with a graph like the one below. 
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Extensions

1. Calibrate your sensor with a real turbidity sensor. To do this, take turbidity readings of the same samples using a real turbidity sensor, then compare lego turbidity sensor values to the real turbidity sensor values.  Can you come up with a mathematic formula to convert lego values to the real values?
2. Program your turbidity sensor to record the turbidity of a sample over the period of a day. Take two data points per hour for 24 hours. How does the turbidity of the sample change throughout the day? 
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