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abstract

This paper is a study of whether decreasing the frequency at which air is sampled from every six days to every twelve days will result in a significant loss in the quality of the sample data. It outlines expected changes in the annual sample means, and presents a definition which quantifies quality loss. Actual six-day sampling data is compared with the corresponding twelve-day data obtained by dropping every other value. The result of this comparison is presented in tabular form and discussed. It is explained that the construction of confidence intervals provides a measurement of the loss in data quality.

introduction

The Michigan Department of Environmental Quality (DEQ) is responsible for monitoring the toxin levels in the air that people breathe to ensure that it is not potentially harmful.  The air pollutants they monitor are classified into two categories, criteria and non-criteria.  Criteria pollutants are pollutants for which the Environmental Protection Agency (EPA) has provided funding in order to study their effects on health and the environment, establishing levels that these pollutants must not exceed [Heindorf]. Non-criteria pollutants are those for which no criteria have been set, since the EPA has not provided funding for extensive research to put standards in place. Non-criteria pollutants include toxic metals, volatile organic compounds (VOC’s), carbonyl compounds, PCB’s, DDT, PAH (semi-volatile organics), and PAMS (ozone precursors). The DEQ routinely measures all criteria and non-criteria pollutants at various sites throughout the state of Michigan [Heindorf].

Decreasing the frequency at which sites are sampled will allow for the reallocation of funds that can be used to increase the number of testing sites. This can also be used to provide expanded coverage over the state or increase the number of compounds being tested. Considering such a change in the air-sampling interval, the DEQ has questioned the feasibility of changing their schedule for non-criteria pollutants from once every six days to a schedule where the air is sampled once every twelve days.  Their immediate interest lies in the testing of volatile organic compounds at non-industrial sites. To determine if the change in sampling schedule is advisable, the effects of changing the sampling interval from six to twelve days will be examined. More specifically, since the data collected is used in the calculations of yearly means of VOC levels, documentation of yearly peak values, and long term means, it will be determined exactly how these values might be affected. The DEQ supplied several years of data from various sites around the state of Michigan, and due to time constraints, this study is focused on seven years of data from the East Shore site in Kalamazoo, Michigan.

This paper is a feasibility study to determine whether there is a significant loss in the quality of data if sampling frequency is changed from six to twelve days. It addresses how changing the sampling frequency affects annual sample means and long-term sample means and the detection of single peak values. Using statistical methods to construct confidence intervals for actual mean values, a measure of quality loss in data is proposed.

analysis

All formulae listed in this paper were computed using Microsoft Excel. A difficulty encountered in analyzing this data, was how to address the no-detects. No-detects are test samples where the value was below a minimum detection limit (MDL) and was recorded as a value of 0. In previous analysis, the DEQ used two approaches to deal with no-detects in their computations [Heindorf].  The first method is to consider all no-detects as zero. The second method is to set all no-detect values to be equal to the minimum detection limit. These two methods give a lower and an upper bound respectively for the true values of these undetectable samples. If a majority of the samples considered were above the MDL, it is reasonable to assume that the values below the MDL, (i.e. the no-detects) among these samples, will on average be quite close to the MDL. While if the majority of the samples were below the MDL, it seems reasonable to assume that the no-detect values, on average, will be closer to zero. From these assumptions, a third method was developed to handle no-detects. It takes all no-detect values as the percentage of the total number of detectable values times the minimum detection limit. For example, if over a period of time, a certain compound is detected in 90% of the samples, then it is reasonable that the no-detects are on average 90% of the detection limit.

Three different types of annual means were computed, each of which differed based on the value assigned to no-detects. The following formula was used to compute each type of annual sample mean:
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 is the value detected or no-detect value for a compound, and n is the number of samples taken in one year.

In the first method, a minimum mean, 
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, was computed was by taking the no-detect values to be zero.  In the second method, a maximum mean, 
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, was computed by taking the no-detect values to be the minimum detection limit of the particular compound. The third method produced an “average” mean, 
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, which took the no-detect values to be the product of the detection frequency and the MDL as previously described.

Standard deviations were computed using the following formula:
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The three greatest values denoted as yearly peaks, for six and twelve day data were recorded. The 95% confidence interval is the range that contains the true mean with 95% certainty.  The interval is computed using the sample size, sample mean, and sample standard deviation. If it is assumed that the data is nearly normally distributed about the mean, then by convention, when the sample size exceeds thirty, the sample standard deviation is nearly equal to the true standard deviation [Schaeffer].  In this case, the following formula can be used to construct a 95% confidence interval for a sample with n greater than thirty,
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where 
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is the sample mean,  
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is the value taken from the normal distribution table based on the percent confidence chosen, s is the sample standard deviation, and n is the sample size.

A similar argument can be made when the sample size is small. Assuming a near normal distribution of the data, when n is less than thirty, it is best to assume a t-distribution with  n-1 degrees of freedom. This is a form of the normal distribution centered about the mean, where the sample standard deviation is nearly equal to the true standard deviation [Schaeffer].  The following formula can be used to construct a 95% confidence interval for a sample with n less than or equal to thirty,
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where 
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is the sample mean,  
[image: image12.wmf]t

is the value taken from the t-distribution table based on the percent confidence chosen and n-1 degrees of freedom, s is the sample standard deviation, and n is the sample size.

experimental procedure

The DEQ has a special interest in the sampling of volatile organic compounds at non-industrial sites. The sites that contained sampling data of volatile organic compounds taken every six days were chosen. This enabled simulation of a twelve day sampling frequency. A list of these sites was supplied by the DEQ.

A database containing annual values, daily data tables, and detection limits was provided by the DEQ. The daily data tables were filtered by site (each site was assigned a number referred to as the AIRS ID) within the access database and exported into individual Excel workbooks. Each workbook was filtered further to create separate worksheets for each compound.  Each workbook was condensed through the elimination of data from non-VOC compounds, data from years whose sampling frequencies were more than six days, and data whose yearly sampling was significantly incomplete (less than six months).

Due to the volume of data and time constraints, the Kalamazoo East Shore site was selected as a representative for the entire data set. This site was chosen since six years of six day data were available for 24 volatile organic compounds.

The three means, 
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 were calculated for the six-day sampling rate data, along with the standard deviation, 
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and the three greatest yearly peak values. Every other data value was then deleted to simulate a twelve-day sampling rate. The procedure used for analysis of the six-day data was repeated for the simulated twelve-day data to obtain 
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. These values were then used to compute 95% confidence intervals for the location of the true daily mean value.   When computing the confidence intervals for  six and twelve day minimum means, it was assumed that the six day sample contained 60 data points and the twelve day sample contained thirty data points for all years and compounds. 

results

The mean values 
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were calculated and the three greatest yearly peak values recorded. In addition, ranges of 95% confidence intervals for 
[image: image19.wmf]6

min

x

,and 
[image: image20.wmf]12

min

x

, and a ratio of the width of the two intervals were computed.  Given that errors were found in the MDL values, the maximum and average mean were not reliable since their values were computed using the MDLs. Thus, the minimum mean was used to construct confidence intervals because its value is independent of the MDL. An illustration of these results, for both six and twelve day sampling frequencies in 1992, is shown below for one of the chemicals, n-hexane.  A complete list of compounds for all years can be found in Appendix A.

	
	
	1992
	
	

	MDL
	0.915
	
	
	

	% of Detects
	0.883333333
	
	
	

	
	minimum mean
	maximum mean
	"average"mean
	

	6 day
	0.698833333
	0.805583333
	0.793129167
	

	12 day
	0.751333333
	0.812333333
	0.805216667
	

	
	
	
	
	

	6 st dev
	0.453338246
	
	
	

	12 st dev
	0.487008697
	
	
	

	6 day peaks
	2.53
	
	
	

	
	1.83
	
	
	

	
	1.65
	
	
	

	12 day peaks
	2.53
	
	
	

	
	1.83
	
	
	

	
	1.23
	
	
	

	
	
	
	
	

	
	95% conf interval
	(lower, upper)
	interval width
	%diff

	6 day
	0.58412293
	0.813543736
	0.229420806
	0.630861

	12 day
	0.569501716
	0.933164951
	0.363663235
	


discussion

When measuring the toxicity of the air, yearly means are of primary importance in determining the ambient exposure to potentially harmful substances. In the analysis of the data for these compounds, the standard deviations provided the most information when switching from a six to twelve-day sampling frequency.  This allows a correlation to be established between quality loss and the change in standard deviations.  Based on the results, two different cases were observed.  Although most compounds fell into one of the two categories, there were a few where their placement is uncertain.

In the first case, the standard deviations for both the six and twelve day data remained roughly the same.  Therefore, by decreasing the sample size from 60 to 30 (six to twelve-day), the 95% confidence interval grew in width by a factor of 
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. In this situation, the loss of quality is seen in the loss of accuracy in determining the true mean. 

In the second case, the standard deviations for the six and twelve-day data differed.  By dropping every other sample, peak values were lost, thus resulting in a decrease in the standard deviation for the twelve-day data.  This is illustrated in the narrower width of the confidence interval for the twelve-day sampling versus the width of the confidence interval for six-day sampling.  In this situation, the loss of quality is the loss in detection of the peak values.

In a practical sense, if the compound is of the first type, the loss is in determining the range that contains the true daily mean. If it can be determined what a dangerous daily mean is for a particular chemicals, then a recommendation can be made whether the switching from 6 to 12 day sampling frequency is acceptable for a compound that is of first type.

If a compound is of the second type, the loss is in missing potentially dangerous single peak values. In this case, the recommendation should be based on how unsafe a single day peak for that chemical can be.  Due to the limitations in testing methodologies, recommendations cannot be made on a chemical-by chemical basis, but rather they have to be made on a site basis.

Errors arose due to the variations of the instrumentation used for measuring chemical concentrations. This caused some of the minimum detection limits to be incorrect. In particular instances, the MDL given in the data set were larger than that of values actually detected in some samples. Since the MDL was used in calculating the maximum and average means, their values could contain the error and are therefore not suitable to be used in this comparative analysis.

CONclusions and recommendations

We believe the following conclusions are supported by the study .

· Changing the sampling frequency causes changes in the annual means and introduces loss of the detection of peak values.

· To handle no-detects, the “average” mean method should be used as a more accurate mean provided that each MDL is correct. 

· Quality loss can be defined as: 

· If standard deviations remain roughly the same, then quality loss is the loss in determination of the true mean.

· If standard deviations differ, then quality loss is in loss in detection of peak values.

· Recommendations for changing sampling frequency could not be made. What we have provided could assist in identifying locations of quality loss

recommendations for future work

Upon the completion of the project, it was determined that a custom computer program would be a more efficient way of analyzing such a large volume of data.  The program should be written such that a database can be imported. The program should then sort the data by site, further by chemical, and finally by year.  Within each year, as was done for this project using Excel, the program should calculate six day means and standard deviations.  It should then drop every other data value to simulate a twelve day sampling frequency and calculate twelve day means and standard deviations.

Another twelve day sampling frequency simulation that should be explored is one where the days are randomly selected so that each particular day of the week is sampled an equal number of times per year.  This was not possible using Excel.
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