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Abstract 

The goal of turbidity team is to create a low-cost device that measures water turbidity within the range of 5 NTU to 250 NTU. Thus far, the team has brainstormed various turbidimeter designs and created the body and measuring device of the first prototype.  We plan to create and calibrate multiple prototypes. We will then access each to determine the best preliminary design, which will receive additional consideration and improvement. 
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Introduction 
The challenge faced by turbidity team is to create a device capable of measuring turbidity over a wide range (5 NTU to 250 NTU) and has greater than 50% accuracy.  Additionally, the device parts should cost less than $20, a goal that appears achievable thus far. Traditionally, turbidity measurements involve submerging a Secchi Disk in a water body and measuring the distance where the disk becomes indistinguishable, as there is an inverse relationship between depth and turbidity. As a take off of this, we are creating portable, small-scale prototypes with a basic water sampling outer tube component and varying designs of measuring devices with attached LED lights, (used for lowering into the sample and generating turbidity measurments). Each lowering component of the design needs calibration and labeling to enable a direct turbidity reading in the field. A range of water samples with known turbidity are necessary to induvidually calibrate each prototype and determine the coefficients (A and b) of the assumed power law relationship (Equation).
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We will perform testing and followup statistical analysis to determine the most effective prototype. The challenge rests in measuring the lower levels of turbidity with accuracy. It may be impossible to cover the wide turbidity range with one device, requiring the creation of two different measuring devices. We believe the lower range turbidity measurements will be possible by a prototype designed with a measuring device that partially blocks light penetration on top of the LED light. The turbidity can be measured straight off the device at the point this submerged design becomes indistinguishable.
Experimental Design
Turbidimeter Calibration Experiment

A set of five samples of varying turbidities will be created by mixing different amounts of kaolin clay suspensions into a water sample and using the general rule 1 mg/L clay = 1 NTU to place the sample in the correct range.  The samples will range from 1 NTU to 500 NTU. The samples will then be set aside to settle in an open container for a few hours. This step is necessary due to the nature of clay particles when mixed in water (the turbidity will continue to increase for some time before steadying). Additionally, allowing the calibration samples to settle simulates the conditions in open water. The turbidity of these samples is then measured and recorded using the portable turbidimeter. 

Each water sample is then gently transported in the outer tube component of our prototype. The lowering device is inserted and when the LED light design is indistinguishable, the distance between the LED and the water surface is measured and recorded. The data generated from the experiment is record in the following table:

	Sample No.
	Concentration of clay
	Measured Turbidity
	Measured Distance

	 
	(mg/L)
	(NTU)
	(cm)

	1
	1
	 
	

	2
	10
	 
	

	3
	50
	 
	

	4
	100
	 
	

	5
	500
	 
	


The turbidity and depth data can be correlated by solving the constants found in the assumed power law relationship (Equation 1) reproduced below:
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Plug in sample data for two samples and divide the entire equation of one by the other. Then manipulate to solve for b (Equation 2):
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To determine the constant A, rearrange the equation with plugged in sample data and the previously calculated b constant, as shown below (Equation 3):
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 Once the constant have been determined for each individual prototype, the equation can be used to predict turbidity levels at various depths.  The measuring device will then be labeled at incremental depths, allowing a direct reading of turbidity from the prototype. 

Future Work
1. 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.) Peform the Turbimeter Calibration Experiment. This includes filling the prototype with water of a known turbidity (measured by the portable turbidimeter in the AguaClara lab) and determining 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.

 

2.) Assume the relationship between depth of the LED component and turbidity is a power law relationship. 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.

2. Test the accuracy of the turbidity vs. depth equation for each prototype.
(Complete by Wednesday, 03/04/11)
Since 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.

3. Evaluate the design of our prototype and consider improvements
After testing and finding an accurate relationship of turbidity versus depth, the team will be able to determine the range of turbidity that the turbidimeter can accurately detect. If this range is not sufficient enough or the team believes that there is a better design option that will increase the range of turbidity that the turbidimeter can accurately detect, then the team will reevaluate their prototype, design a new prototype, and test the new design. Potential design changes involves using a black stripe of varying thicknesses, instead of a secchi disk pattern. 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. 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. 

4. 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.
5. 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.

 

Team Reflections
The team’s first task was to create a prototype. The team ordered the submersible LED lights February 2nd. Unfortunately, we did not receive the LED’s until February 13th. While waiting for the LED lights to arrive, the team tried to stay efficient by preparing the other parts of the prototype, which included locating the PVC pipe for the prototype. There was not much else to accomplish until the LED lights arrived, so this slightly delayed our start, although we tried to fill the time with planning and brainstorming ideas for future prototypes. Once the LED lights arrived, the team noticed that they were blindingly bright. Because the LED brightness was not expected, this presented another complication. To dim the light, a ping pong ball was placed over the LED light, which worked surprisingly well.

The main problems the team faces are related to the portable turbidity meter.  The device is not calibrated properly, and upon recalibration an “ERROR CAL” message appeared and wouldn’t leave the screen. To resolve to issue, we used to device’s manual and were able to clear the message. It was determined that the standardized calibration samples are incorrect. Other options have been explored, but we realize having a functional portable turbidimeter is necessary for our team to be successful.

Due to these setbacks, we were inhibited from collecting data and therefore the team has not been able to find a relationship between depth and the turbidity, as of February 25th, 2011. The team needs to locate accurate standards fro calibration and hopes this will fix the turbidity meter issues. Once this has been accomplished the team will continue to perform the tasks explained in the detailed task list.   
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