Turbidimeter Team

Detailed Task List for Spring 2011

1. Build the first prototype

 (Complete by: Wednesday, 02/09/11)


The turbidimeter team was able to find most of the parts for the first prototype downstairs in the CEE shop. A 2-inch diameter PVC pipe with a cap on one end will be used as the primary component of the turbidimeter, which will be filled with water for a turbidity measurement. The component used for submerging the LED light into the PVC pipe will consist of a plastic rod attached to the side of an LED light as shown to the right. This rod will be slightly longer than the PVC pipe so that it can fit entirely in the PVC pipe. The rod will have markings for the depth on one side of it, with the zero mark lined up next to the LED light. That way, the rod can be lowered into the PVC pipe and the depth at which a black stripe placed across the LED light can no longer be distinguished will be easily read off the rod at the water surface level.  


Another option is to lower two LED lights into the PVC pipe and then use the depth at which the two lights become an indistinguishable blur. The team will eventually do experiments with a prototype that uses this type of submerging component, but the team will first have to find a suitable LED light that contains two bulbs within one circular component, because fitting two different circular LED lights into the PVC pipe does not seem feasible. In the meanwhile, the team will test out a first prototype that uses a black stripe across one circular LED light as the method of measuring turbidity. The depth at which the black stripe can no longer be detected (when only the glow of the light can be seen) will be used to measure turbidity. Although the LED lights are not very expensive, the team will try to strive for the lowest possible cost, and this could mean finding an option that uses only one LED light.

The team has already ordered one white submersible LED light, one blue submersible LED light, and one green submersible LED light. The reasoning behind the colored lights is the human eye has different sensitivities for these two colors. The team will experiment using each light to determine whether a certain colored light allows for a lower possible turbidity reading. At low turbidity levels, the water may be clear enough that the LED light will be able to reach the bottom of the PVC pipe and still be completely distinguishable. Thus, the new turbidimeter will not be able to measure turbidity lower than the measurement at which this occurs. The colored lights may allow for a broader turbidity measurement range, but we will not know this definitively until the team carries out experiments with the first prototype.
2. Determine relationship between turbidity and depth by generating an equation for each prototype
(Complete by Wednesday, 02/23/11)
Although Monroe has provided the team with preliminary calculations for the relationship between turbidity and depth, the team understands that the relationship generated using the classic clear turbidimeter is dependent on amount of incoming light. Thus, our design (which uses the non-transparent PVC pipe) requires testing the relationship for the first prototype using a similar procedure to that of Monroe.
To generate an equation for the relationship between turbidity and depth, the following procedure must be repeated and tested for each unique design:

1.) Fill the prototype with water of a known turbidity (measured by the portable turbidimeter in the AguaClara lab) and determine the depth at which the LED light component becomes undistinguishable. Repeat this with other water samples that have different levels of turbidity. Use these results to create a table of depth vs. turbidity 

measurements at increasing depth levels to develop the calibration for the prototype.

2.) Assume the relationship between depth of the LED component and turbidity is exponential. Plot the data and find the relationship equation by generating a best-fit line. 

3.) Compute the R^2 value to gain insight on the accuracy and reliability of the equation fit to the data.

It follows that the prototype measures maximum turbidity at the minimum depth of the LED and minimum turbidity that can be accurately measured at the maximum depth of the LED. To test the idea that our eyes are more sensitive to certain colors, these experiments will be repeated with white, blue, and green LED lights to allow our team to perform a comparison of the minimum turbidity that can be accurately measured and the equations generated. This analysis should confirm which prototype would allow for the broadest measurement range. This stage of the testing should be repeated for each new turbimeter design, as one of our goals in the project is to create a design that can measure waters of <5 NTU.  
3. Test the accuracy of the turbidity vs. depth equation for each prototype.
(Complete by Wednesday, 03/02/11)

Once the relationship between turbidity and depth is confirmed, the team will attempt to test the accuracy of this relationship by simulating measurements as would be done “in the field”.  The team will perform turbidity measurements with the prototype using a test sample that was not used in the prototype’s calibration. Next, the team will measure the turbidity using the portable turbidimeter in the AguaClara lab. These results can then be compared to generate an idea of the accuracy of each prototypes turbidity scale. Part of our goal is developing >50% accuracy. The error found between the two methods of measurements will help the team decide whether different prototypes will need to be considered for greater accuracy. Additionally, it will give the team a basis of judgment between the designs parameters of cost and accuracy for the various prototypes.

4. Consider and compare various prototypes
The dates set out in this detailed task list assume that the first prototype will be functional and capable of generating a relationship between turbidity and depth in the form of an equation (based on an assumption of exponential behavior). In the event the first prototype is not successful to the desired degree, the team will reevaluate its design based on demonstrated areas of success and failure from the first prototype. Potential design changes involve varying the thicknesses of the black stripe or its design altogether. A more intricate design is expected to allow lower range turbidity measurements; this relates to our goal of more accurate readings that can measure as low as 5 NTU or less. By comparing the various designs, the team will determine which LED light and/or black stripe thickness will allow for the broadest and most applicable measurement range. The team will explore possibility of using a submerging component made of two closely spaced LEDs instead of a black stripe across a single LED. In addition, other parameters will be considered upon necessity. For example, if the prototype needs to be capable of handling a broader measurement range, one possible adjustment that could be explored is lengthening the PVC pipe. 

5. Consider possible sources of operator error

In constructing the turbidimeter, the team tried to predict and eliminate sources of error that might take place in the field due to small variations in operator and operator handling techniques. Variable eyesight among operators and the effect of settling due the time-delay between acquiring the sample and taking the actual turbidity measurement were identified are two possible sources of error. To resolve the issue of operator eyesight, the team will take depth readings from a large sample of people. Each person will be administered a simple eye test (ability to read certain text at a distance of 1 m). From this data the team should be able to set a vision threshold for the operator of the turbidimeter. The team plans to resolve the issue of solids settling by ensuring the LED light and rod component is capable of mixing the water sample through a manual, basic up and down movement. Furthermore, we plan to include simple operator instructions of how to use the measuring rod as a mixing device prior to taking the measurement. 

6. Standardize materials used in the final design

Once the Turbidity Team has completed its research, design, and testing phases, the team will decide on a recommendation for the standardized construction of the turbidimeter. This decision will take into consideration turbidity measurement ranges, accuracy, ease of handling, and cost-effectiveness.  The team will also strive to keep the construction parts at a minimum (only the tube, LED, and pre-labeled LED submerging component should be necessary). Prior to use in the field, the submerging component will be calibrated and labeled at regular intervals with turbidity measurements rather than depth measurements. This eliminates the need for the operator to perform a conversion from depth to turbidity each measurement, reducing this potential source of error. 
