Classroom Exercise #4: Recovery Curves and Signal Averaging

The following are recovery plots of anion analysis from soil.  The graphs plot recovered anion in ppb vs the amount that was spiked in.  The anion measured for each is in the y-axis label.

The center line is the average, while the outer 2 lines are the 95 % confidence interval.  
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1. A. Look at the axis of the graphs. What is the ideal slope of these plots? Which plot is most ideal (F, SO4, NO3) and why?

B.  What is the problem in the F plot?  What error could account for that problem?

C. What is the problem in the NO3 plot? What error could account for that problem?

D. Why is important to know the confidence limit as well as the average for these plots?

2. Moving average.  Sheet 1 of the Excel spreadsheet has a chromatogram.
First plot the data (first column is time in min, second signal in arbitrary absorbance units).  Then find an area of flat baseline.  Use the data in that place to calculate the noise (i.e. standard deviation).  

What is the noise? ____________

What is the maximum peak height? ____________

What is the S/N? _____________
Next, use Excel’s average function to make a 5 point moving average smoothed chromatogram.  The first 2 points are hard (you can leave them as is), but after that average the two points before a point, that point and the two points after the point.  Plot this data.  Use the same area of flat baseline and calculate the noise  

What is the noise? ____________

What is the maximum peak height? ____________

What is the S/N? _____________________

What do you notice about the smoothed chromatogram, in terms of signal, noise, or other features?
3. Signal Averaging
Sheet 2 of the Excel Sheet has example data for signal averaging.  In this case, a short chromatogram is given, first as ideal noiseless data, then with noise added (I used a random number generator to add the same amount of noise in this case for each trial).
Plot the noiseless data vs. time.  

Now plot all the trials on one graph.  

Find a portion of the baseline to use to calculate noise, in Excel, calculate the standard deviation of this portion of the baseline for each trial.  What is the average of those standard deviations? ____________

Now average the 9 trials together (do not include the noiseless data). 

Calculate the noise of the same part of the baseline: _________

How much does the noise differ by?  _________

What factor would you have predicted, given we did 9 replicates? ___________

Plot the averaged data on its own graph.  Is it easier to see the peaks?  For which peak does it matter most?

Excel Syntax
AVERAGE(number1, [number2], ...)

STDEV.S(number1,[number2],...)  Gives the sample standard deviation

STDEV.P(number1,[number2],...)  Gives the population standard deviation

