Evaluation of EPA Protocol Gas Audit Data

Abstract
The objective of this paper is to assess the programmatic implications of the accuracy of EPA Protocol gas cylinder concentrations based on an analysis of data obtained from an independent audit of EPA Protocol gas cylinder concentrations. The analysis provided in the paper shows, that based on data obtained from an audit of EPA Protocol gas cylinders collected from all known cylinder manufacturers, EPA should not anticipate nationwide environmental consequences under the cap and trade programs from the relatively small inaccuracy found in the recent independent audit of gas cylinders used in EPA’s cap and trade programs for quality assurance.The Protocol gas cylinder concentrations are shown to be accurate on average, with relatively few cylinders failing the EPA performance standards. 
The analysis indicates that the chance of a positive or negative failure is approximately equal based on the current available data. Overall, less than 11% of the total number of comparisons of actual gas concentrations to cylinder reported concentrations failed the EPA performance criteria. Examination of the data set in total, by gas component, location, or concentration categories shows the expected mean percent difference is less than 1% in absolute difference. Twelve of the gas component concentrations were lower than the certified concentrations, and 16 were higher than the certified concentrations. Since the distribution of available percent differences is relatively normal (i.e., symmetrical), the chance of a positive or negative failure (measurement taken being above or below the real concentration level) is approximately equal based on the current available data.  Based on the above findings, EPA’s quality assurance programs that utilize EPA Protocol gases are therefore ensuring that the reported emissions of SO2, NO, and CO2 are highly accurate. Therefore, national emissions estimates are accurate, and the number of allowances collected to cover these emissions are appropriate. This conclusion is further supported because the cylinder gases were obtained from every known gas vendor in the United States, and there is no reason to believe that the gas cylinders are not representative of the gas cylinders manufactured nationwide. 

Introduction
An evaluation of the accuracy of the gas concentrations contained in cylinders used for calibrating air monitoring instrumentation is an important component of the U.S. Environmental Protection Agency’s (EPA’s) air quality assurance programs. EPA Protocol gases are used for instrument calibration in many EPA programs including the acid rain, and ambient air monitoring. In this memorandum, an analysis of data obtained from an independent audit of EPA Protocol gas cylinder concentrations is presented and discussed. The objective is to assess the accuracy of EPA Protocol gas cylinder concentrations. Gas cylinders were obtained from every known EPA Protocol gas cylinder manufacturer in the United States using a blind survey approach, therefore, the data used in the analysis should be representative of the available EPA Protocol gas cylinders nationwide. 
The U.S. Environmental Protection Agency (EPA) conducted a blind audit of EPA Protocol calibration gas cylinder mixtures produced by specialty gas manufactures. The objective was to determine the concentration of the analytes in cylinder mixtures and to compare the quantified values with those stated in the certificates of the supplying producer. The mixtures are a tri-blend of carbon dioxide (CO2; range: 5-20 %); nitric oxide (NO; range: 25 - 1000 ppm and total oxides of nitrogen, NOx, within 1 % of NO), and sulfur dioxide (SO2; range: 50 - 1000 ppm). 
The National Institute of Standards and Technology (NIST) submitted a report containing the resulting data to EPA on December 4, 2008
. The survey included at least one EPA Protocol gas cylinder from every manufacturing location in the country. In order to maintain the confidentiality of the tests, a third party contractor was used to purchase the gases and deliver them to NIST for analysis. Gas cylinders were obtained from 11 gas producers (and 3 distributors) nationwide, including 18 different manufacturing locations. At least 3 cylinders in low, medium, and high range concentrations were purchased from each location. In total, 29 vendor gas cylinders representing high, medium, and low gas concentrations were compared to NIST certified concentrations. The comparisons were conducted for SO2, NO, and CO2 (for a total of 261 paired comparisons). In the NIST report, the percent differences [{ (vendor concentration – NIST concentration) / NIST concentration} * 100] were provided for each of the 261 comparisons. 
Evaluation of Percent Differences 
Figure 1 displays the resulting 261 percent differences as a histogram, with a best-fit normal probability distribution overlain on the graphic. Descriptive statistics of the percent difference data are shown in the graphic insert. Of the 261 comparisons, 28 (10.7%) resulted in a percent difference greater than 2% (the EPA Acid Rain Program’s, ARP’s, performance specification). Therefore, the associated cylinders were considered to have failed the performance specification. In 12 of the 28 failures, the NIST concentration was greater than the vendor concentration (resulting in a negative percent difference). In 16 of the 28 failures, the vendor concentrations were greater than the NIST concentration (resulting in a positive percent difference). The distribution of the 28 comparisons that failed the EPA performance specification is shown as red vertical lines in Figure 1. From an environmental protection perspective, the 12 negative comparisons are of interest because they represent a potential under-reporting of air pollution release to the atmosphere.
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N
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-0.01
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1.43
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Maximum
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Mode

0.17


Figure 1. Distribution of Percent Differences 

Examination of the 261 percent differences indicates that the overall mean value is -0.01%, indicating that from the study perspective, on average, there is negligible difference in the NIST and vendor concentrations. Examination of the distribution of percent differences indicates that the distribution is relatively symmetric, with approximately as many comparisons above (n=134) as below a difference of zero (n=127).
A binomial distribution was used to assess the relative degree of bias (i.e., vendor concentrations consistently high or low relative to the NIST concentration) associated with the difference in the number of negative percent differences (n= 12) and positive percent differences (n=16) resulting from the audit results. Under the assumption that the probability of failure is 0.11 (calculated as 28 failures / 261 trials), the relative difference in the influence of the number of positive and negative percent differences on the overall chance of failure can be calculated. For example, the probability of a least 12 failures (representing the number of negative differences) is 0.9999, while the probability of at least 16 failures is 0.9961. The difference in these computed probabilities (0.0038) reflects the relative influence of the number of positive and negative differences observed in the audit with respect to the overall failure probability. The difference in probability is negligible (< 0.4%), and indicates that there is no overall bias in the cylinders that failed the EPA performance specification.
Market Share Simulation
Table 1 presents descriptive statistics of the percent differences associated with each location from which the EPA Protocol gases were obtained. These locations were coded as letters in the data set, and the actual location names are unknown.

Table 1. Descriptive Statistics of the Percent Differences Associated With Each Location

	Location

	Mean (%)

	Number of comparisons

	Minimum (%)

	Maximum (%)



	B
	-0.64
	18
	-5.46
	1.86

	K
	-0.61
	9
	-3.67
	2.22

	M
	-0.39
	18
	-1.61
	0.40

	A
	-0.34
	18
	-2.03
	2.19

	I
	-0.27
	9
	-0.87
	0.36

	R
	-0.20
	9
	-2.54
	2.14

	H
	-0.11
	18
	-1.55
	1.39

	L
	-0.11
	9
	-0.46
	0.59

	O
	-0.06
	18
	-1.54
	0.57

	G
	-0.05
	18
	-0.49
	0.68

	E
	-0.01
	9
	-0.36
	0.23

	D
	0.03
	27
	-4.01
	2.40

	C
	0.04
	9
	-0.43
	0.55

	J
	0.23
	9
	-0.29
	1.24

	P
	0.27
	18
	-0.58
	1.21

	N
	0.41
	18
	-9.97
	6.21

	F
	0.45
	9
	0.13
	1.41

	Q
	0.95
	18
	-3.17
	6.68


Site B represents the worst case condition of any location (i.e., the lowest negative mean value), with a mean percent differences of -0.64 percent. Therefore, this location was chosen for a market share simulation. Although actual market share information is unknown, if Site B represented a simulated market share of 60% of the total, the average percent difference of -0.01% for all 261 observations in the data set would change to -0.37% (weighted population mean). In the absolute worst case scenario of Site B representing 100% of the market share, the mean of course would equal the Site B mean. In any hypothetical market share analysis, the overall mean value would not be less than -1%. While individual comparisons at any site could result in failures (see the minimum and maximum values in Table 1), from a program perspective the expected average percent difference is within the EPA performance specification.
Analysis By Gas Component
Table 2 presents the percent differences for each gas component. The mean differences for all components are less than an absolute difference of 1%, indicating that on average, for any gas component there is a negligible difference in the NIST and vendor concentrations.

Table 2. Descriptive Statistics of the Percent Differences Associated With Each Gas Component

	Gas

	Mean
(%)
	Number of comparisons
	Minimum
(%)
	Maximum
(%)

	CO2
	0.044
	87
	-1.50
	2.32

	NO
	-0.250
	87
	-9.97
	6.68

	SO2
	0.174
	87
	-3.17
	6.21


Table 3 breaks the data down into both gas component and concentration of gas tested. Again, all mean differences are less than 1% in absolute difference. The largest absolute differences among the gas components is associated with the lower concentrations, however, the mean value for any component-concentration combination is less than 1%.
Table 3. Descriptive Statistics of the Percent Differences Associated With Each Gas Component Concentration

	Gas

	Concentration

	Mean
(%)
	Number of comparisons
	Minimum
(%)
	Maximum
(%)

	CO2
	High
	-0.284
	29
	-1.14
	0.37

	CO2
	Medium
	0.109
	29
	-1.06
	2.14

	CO2
	Low
	0.308
	29
	-1.50
	2.32

	NO
	High
	-0.171
	29
	-3.10
	2.19

	NO
	Medium
	-0.001
	29
	-1.78
	1.48

	NO
	Low
	-0.577
	29
	-9.97
	6.68

	SO2
	High
	0.015
	29
	-2.54
	2.88

	SO2
	Medium
	0.093
	29
	-2.46
	4.81

	SO2
	Low
	0.414
	29
	-3.17
	6.21


Conclusions

The analysis indicates that the chance of a positive or negative failure is approximately equal based on the current available data. Overall, less than 11% of the total number of comparisons of actual gas concentrations to cylinder reported concentrations failed the EPA performance criteria. Examination of the data set in total, by gas component, location, or concentration categories shows the expected mean percent difference is less than 1% in absolute difference. Twelve of the gas component concentrations were lower than the certified concentrations, and 16 were higher than the certified concentrations. Since the distribution of available percent differences is relatively normal (i.e., symmetrical), the chance of a positive or negative failure (measurement taken being above or below the real concentration level) is approximately equal based on the current available data.  Based on the above findings, EPA’s quality assurance programs that utilize EPA Protocol gases are therefore ensuring that the reported emissions of SO2, NO, and CO2 are highly accurate. Therefore, national emissions estimates are accurate, and the number of allowances collected to cover these emissions are appropriate. This conclusion is further supported because the cylinder gases were obtained from every known gas vendor in the United States, and there is no reason to believe that the gas cylinders are not representative of the gas cylinders manufactured nationwide. 
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