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ABSTRACT 
Gas samples from selected drums of radioactive waste at the U.S. 
Department of Energy (DOE) Idaho National Engineering Laboratory are being 
characterized for 29 volatile organic compounds (e.g., acetone, bromoform, 
tetrachloroethylene) to determine the feasibility of storing the waste in 
DOE's Waste Isolation Pilot Plant (WIPP) in Carlsbad, New Mexico. Quality 
requirements for the gas chromatography and gas chromatography/mass 
spectrometry chemical methods used to analyze the waste are specified in 
the Quality Assurance Program Plan for the WIPP Experimental Waste 
Characterization Program. This document was prepared by DOE with input 
and review by U.S. Environmental Protection Agency. Quality requirements 
consist of both objective criteria (i.e., data quality objectives, DQOs) 
and statistical criteria (i.e., process control). The DQOs apply to 
routine sample analyses, while the statistical criteria serve to determine 
and monitor precision and accuracy (P&A) of the analysis methods and are 
also used to assign upper confidence limits to measurement results close 
to action levels. 

After over two years and more than 1000 sample analyses there are two 
general conclusions concerning the two approaches to quality control: 
(1) Objective criteria (e.g., + 25% precision, + 30% accuracy) based on 
customer needs and the usually prescribed criteria for similar EPA-
approved methods are consistently attained during routine analyses. 
(2) Statistical criteria based on short term method performance are 
almost an order of magnitude more stringent than objective criteria and 
are difficult to satisfy following the same routine laboratory procedures 
which satisfy the objective criteria. Statistical P&A criteria are 
initially established from 30 replicate analyses of a standard sample over 
a period of several days. System performance is then tested semiannually 
by analysis of seven replicates whose results are compared to the results 
of the initial 30 replicates. The inability to obtain statistically 
equivalent data sets at the 95% confidence level for the majority of 
analytes arises primarily from short term (i.e., few days to few weeks) 
precision being more definitive than long term (i.e., few weeks to few 
months) excersions in accuracy even though the accuracy is always well 
within the DQOs. 
A more cost effective and representative approach to establishing 
statistical method performances criteria would be either to utilize a 
moving average of P&A from control samples over a several month time 
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period or to determine within sample variation by one-way analysis of 
variance of several months replicate sample analysis results or both. 
Confidence intervals for results near action levels could also be 
determined by replicate analysis of the sample in question. 
INTRODUCTION 
Analytical chemistry laboratories conducting repeated chemical 
measurements of environmental, industrial, and waste samples must utilize 
standardized and formalized quality control (QC) and quality assurance 
(QA) procedures to continuously control and evaluate the results from 
their analysis activities. In most laboratories these QA/QC procedures 
are derived from a combination of objective-based and statistically-based 
criteria. Objective-based criteria are usually measurement control limits 
that are designed to provide data of acceptable quality and agreed to by 
both the laboratory and the customer prior to analyses being conducted. 
These objective criteria are often referred to as data quality objectives 
(DQOs) and are established considering two primary factors: 

(1) Customer's intended use of the data 
(2) Capabilities and limitations of the chemical analysis method 

Statistically-based criteria are also employed as measurement control 
limits, but compared to DQOs these criteria are less arbitrary and based 
more on actual analysis method performance. The control limits in this 
case are established and periodically revised from the measured 
performance of the analysis system (e.g., repeated measurements of a 
sample to establish precision control limits). This statistically-derived 
form of QA/QC is also referred to as statistical process control (SPC). 
For an analytical chemistry laboratory to consistently produce analysis 
results which are of acceptable quality, strict adherence to standardized 
QA/QC procedures is essential; however, cost effectiveness and quality 
effectiveness of a laboratory's QA/QC procedures can vary substantially 
depending on the specific manner in which the procedures are implemented 
and maintained. At the U.S. Department of Energy (DOE) Idaho National 
Engineering Laboratory (INEL) a program is underway to determine the 
feasibility of storing radioactive waste in DOE's Waste Isolation Pilot 
Plant (WIPP) in Carlsbad, New Mexico. One aspect of this program is to 
chemically analyze gas samples taken from selected drums of radioactive 
waste currently stored at INEL. The QA/QC requirements for these chemical 
analyses are a combination of objective and statistical criteria and are 
described in detail in the Quality Assurance Program Plan for the WIPP 
Experimental Waste Characterization Program (USDOE, 1991). Volatile 
organic compounds are one of the types of compounds being analyzed for, 
and this paper summarizes and evaluates the quality effectiveness and cost 
effectiveness of the QA/QC procedures for such analyses conducted between 
February 1992 and March 1994. 
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QUALITY REQUIREMENTS 
The QA/QC requirements for volatile organic compound (VOC) analyses for 
the WIPP Experimental Waste Characterization Program vary depending on the 
chemical analysis methods, which for this investigation were as follows: 

• WIPP Method 430.1: Modified Method TO-14 for the Determination 
of Volatile Organic Compounds in Waste Container Headspace Using 
SUMMA® Passivated Canister Sampling and Gas Chromatographic/Mass 
Spectrometric Analysis 

• WIPP Method 440.1: Gas Chromatography-Flame Ionization Detector 
Determination of Alcohols and Ketones in Waste Container 
Headspace Collected Using SUMMA® Passivated Canisters 

WIPP Method 430.1 is a gas chromatographic technique with mass 
spectrometric detection (GC/MS) using mass flow controller for gas 
injection. This method is derived from U.S. Environmental Protection 
Agency (EPA) Ambient Air Method T014 (USEPA, 1988a and 1988b). WIPP 
Method 440.1 is a gas chromatographic technique with flame ionization 
detection (GC-FID) using a sample loop for direct gas injection. The 
principal VOCs, which these methods are designed to identify and measure, 
are listed in Table 1. 
As previously stated the QC requirements are a combination of objective 
criteria and statistical criteria. The objective-based QC apply to 
routine sample analyses, while the statistically-based QC serves to 
determine and monitor precision and accuracy (P&A) of the analysis methods 
and is also used to assign upper confidence limits to measurement results 
close to action levels. 
Objective-Based Quality Control 
The objective-based quality control procedures, which will also be 
referred to as data quality objectives (DQOs), are primarily numeric 
control limits for QC measurements. These QC measurements and associated 
evaluations are required during all phases of analysis system calibration 
and sample analyses and are summarized in Tables 2 and 3. The specific 
numeric values of the control limits were chosen to satisfy DOE's data 
usability needs and also considering the inherent capabilities and 
limitations of the analysis techniques. The DQOs listed in Tables 2 and 
3 are very similar in type and magnitude to those generally used for 
similar published and commonly used analysis techniques, such as EPA 
SW-846 Method 8240 (USEPA, 1990). 
Brief descriptions of DQOs and explanations of how their indicators listed 
in Tables 2 and 3 are calculated are provided in the following 
subsections: 

• Precision 
• Accuracy 
• Completeness 
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Table 1. VOC analysis Target Compound List (TCL) and Program Required 
Quantitation Limit (PRQL). 

Volatile Organic Compounds 
CAS 

Number 
PRQLa 

(ppmv) 

1. Acetone 
2. Benzene 
3. Bromofomi 
4. 1-Butanol 
5. 2-Butanone 

67-64-1 
71-43-2 
75-25-2 
71-36-3 
78-93-3 

100 
1 
1 
100 
100 

6. Carbon tetrachloride 
7. Chlorobenzene 
8. Chloroform 
9. Cyclohexane 

10. 1,1-Dichloroethane 

56-23-5 
108-90-7 
67-66-3 
110-82-7 
75-34-3 

1 
1 
1 
1 
1 

11. 1,2-Dichloroethane 
12. 1,1-Dichloroethene 
13. cis-l,2-Dich1oroethene 
14. Ethyl benzene 
15. Ethyl ether 

107-06-2 
75-35-4 
156-59-2 
100-41-4 
60-29-7 

1 
1 
1 
1 
1 

16. Methanol 
17. Methylene chloride 
18. 4-Methyl-2-pentanone 
19. 1,1.2,2-Tetrachloroethane 
20. Tetrachloroethene 

67-56-1 
75-09-2 
108-10-1 
79-34-5 
127-18-4 

100 
1 
100 
1 
1 

21. Toluene 
22. 1,1,1-Trichloroethane 
23. Trichloroethene 
24. l,l,2-Trichloro-l,2.2-trifluoroethane 
25. 1,3,5-Trimethylbenzene 

108-88-3 
71-55-6 
79-01-6 
76-13-1 
108-67-8 

1 
1 
1 
1 
1 

26. 1.2,4-Trjmethylbenzene 
27. m-Xylene 
28. o-Xylene 
29. p-Xylene 

95-63-6 
108-38-3 
95-47-6 
106-42-3 

1 
1 
1 
1 

" Values based on delivering 10 mL to the analytical system. 
These xylene isomers cannot be resolved by the analytical methods 
employed in this program. 
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Table 2. Calibration requirements for VOC analyses. 

Method Procedure 
Frequency of 
Procedure Acceptance Criteria 

430.1 
(GC/MS) 

Bromofluoro-
benzene (BFB) 
tune 

Every 12 hours Within specified key 
ion abundance ranges 

430.1 
(GC/MS) 

5-pt initial 
calibration 

Initially and 
as needed 

Percent relative 
standard deviation 
(RSD) for all compounds 
<35% 

430.1 
(GC/MS) 

Continuing 
calibration 

Every 12 hours Relative percent 
differences (RPD) for 
all compounds within 
30% of initial 
calibration 

440.1 
(GC-FID) 

3-pt initial 
calibration 

Initially and 
as needed 

RSD all compounds <30% 

440.1 
(GC-FID) 

Continuing 
calibration 

Every 12 hours RPD for all compounds 
within 30% of initial 
calibration, retention 
time within 3 standard 
deviations of initial 
calibration 

Precision: Precision is a measurement of the random error in an 
analytical measurement process (i.e., the degree of agreement between 
independent measurements determined by the analysis of replicate samples). 
When calculated for duplicate sample analyses, precision is expressed as 
the relative percent difference (RPD), which is calculated as 

| S - D | 
RPD(%) = x 100 

(S + D)/2 
where 

S = first sample value (original) 
D = second sample value (duplicate) 

When precision is calculated for three or more replicate determinations, 
the relative standard deviation (RSD), also known as the coefficient of 
variation (CV) expressed in units of percentage, is used. This is an 
expression of the spread of the data relative to the mean value, X, of the 
determinations. The specific formulas used for calculation of the RSD are 
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Table 3. VOC analysis data quality objectives. 

Compound 
Precision 

(RSD or RPD) 

Accuracy 
Completeness 

(C) Compound 
Precision 

(RSD or RPD) Recovery 
(R) 

Detection 
(MDL) 

Completeness 
(C) 

Method 430.1 f6C/MS) 
Benzene 
Bromofom 
Carbon tetrachloride 
Chlorobenzene 
Chloroform 
Cyclohexane 
1.1-Dichloroethane 
1,2-Dichloroethane 
1,1-Oichloroethene 
cis-l,2-Dichloroethene 
Ethyl benzene 
Ethyl ether 
Methylene chloride 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,1-Trichloroethane 
Trichloroethene 
1.1.2,-Trichloro-1.2,2-
trifluoroethane 

1,3,5-Trimethylbenzene 
1,2,4-Tr iwethy1benzene 
m-Xylene 
o-Xylene 
p-Xylene 

<25X 70-130X 8 ng 
or less 

90X 

Method 440.1 (SC-FIDl 
Acetone 
1-Butanol 
2-Butanone 
Methanol 
4-Methyl-2-pentanone 

<Z5% 70-13M 50 ng 
or less 

902 

RSD = Relative standard deviation 
RPD = Relative percent difference 
MDL = Method detection limit (total number of nanograms delivered to the 

analytical system per sample) 
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X = 

n 
I i = 1 

n 
and s = 

E 
i = 1 

(x, - X) 

n - 1 

1/2 

where 

RSD(%) = CV = ,—=- x 100 
X 

xf -n 
s 

result value for the i t h measurement 
= total number of measurements 
= standard deviation, expresses the variability of data 

about the mean, X 
Accuracy: Accuracy (bias) is a measurement of the extent to which a 
measured value of a quantity (parameter or anaiyte) agrees with the 
accepted value of that quantity. Accuracy is assessed by the analysis of 
samples of known concentration (e.g., laboratory control samples, 
calibration samples, field reference standards, or additional QC samples) 
for the anaiyte of concern, or by spiking samples with a known quantity of 
the anaiyte of concern before analysis. In both instances, accuracy is 
quantified by calculating the percent recovery (R) of the known quantity 
(true value, TV) of anaiyte. The general equation used for this 
calculation is 

Measured Value - Background Value 
R(%) = x 100 

True Value of Sample or Spike 
Method detection limits (MDLs) are determined for each anaiyte for each 
method. These MDLs are determined by (a) conducting replicate analyses of 
standards at quantities approximately one to five times the estimated MDL, 
(b) determining the standard deviation, s, of the replicate measurements, 
and (c) calculating the MDL from 

MDL = t (n - 1, 1 - « = 0.99) 

where 
n = the number of replicate analyses 
L(n - 1, 1 - 0.99) = The t distribution value appropriate to a 99% 

confidence level (one-tailed) and standard 
deviation estimate with n - 1 degrees of freedom 
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The MDL calculated in this manner represents the minimum amount of a 
substance that can be measured and reported with 99% confidence that the 
analyte quantity is greater than zero. 
Completeness: Completeness (C) of the reported data (expressed as a 
percentage) is calculated as 

V 
C(%) = - x 100 

T 
where 

V = number of measurements judged to be valid (meets all QA/QC 
requirements) 

T = total number of measurements expected (based upon number of 
samples submitted for analysis) 

Statistically-Based Quality Control 
A summary of the program's required approach to statistically evaluating 
analysis method performance is shown in Figure 1. Initially, precision 
and accuracy are assessed using analysis method performance data from 
analysis of 30 laboratory reference standards (i.e., initial P&A data 
set). Thereafter, precision and accuracy data for each analysis method is 
continuously monitored and evaluated by analysis of at least seven 
replicates every six months (i.e., continuing P&A data set). Corrective 
actions must be taken if consecutive data sets are not statistically 
equivalent. 

Analysis of Precision: The F test is used to determine if the precisions 
obtained from different data sets are statistically the same. Comparison 
of data sets is done at the 95% confidence level (two-tailed). A 
calculated F value is determined by taking the ratio of the two data set 
variances: 
, %1,v2 = S1 / S2 

v, = number of degrees of freedom for data set 1 
v 2 = number of degrees of freedom for data set 2 
s, * standard deviation of data set 1 
s 2 = standard deviation of data set 2 

When calculating F values, s, and s 2 are chosen so that s t is greater than 
s 2; therefore, s.2/s2

2 is always greater than one. The calculated F value 
is then compared to the critical F c value found in tables of critical F 
values. The F c value is at the 95% confidence level with the degrees of 
freedom (v1v2) such that v, is degrees of freedom for the numerator and v 2 

is the degrees of freedom of the denominator. The precisions obtained 
from two data sets are statistically equivalent if the calculated F value 
is less than the critical F c value. 
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Determine initial performance 
by analyzing 30 replicates 

Calculate precision 
and accuracy 

Initial performance 
for assigning upper 
confidence limits 

Participate in program 
for 6 months 

Determine continuing performance 
by analyzing 7 replicates 

Calculate precision 
and accuracy 

No 
Compare continuing 

7 replicates performance data with 
initial/pooled/last 7 replicates 

performance data 

Imp!ement 
corrective 

action 

Pool precision 
and accuracy 

data 

Continuing performance 
for assigning upper 
confidence limits 

Figure 1. Statistical analysis of method performance data. 
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from two data sets are statistically equivalent if the calculated F value 
is less than the critical F c value. 
Analysis of Accuracy: The accuracy obtained from two data sets is 
evaluated at the 95% confidence level (two-tailed) by comparing the data 
set averages using the t-statistic. If the standard deviations of two 
data sets are statistically equivalent by the F-test, a pooled estimate of 
the standard deviation is calculated as follows: 

where 
s 2 = [(n, - l)s t

2 + (n2 - 1) s 2
2]/( n i + n 2 - 2) 

= number of samples in data set 1 
n 2 = number of samples in data set 2 

The t value is given by 
t v - (X, - \)/[s(l/n, + l/n 2) 1 / 2] 

where 
v 
X 
X, = 

number of degrees of freedom (n1 + n 2 - 2) 
mean concentration of data set 1 
mean concentration of data set 2 

If the standard deviations of the two data sets are significantly 
different, the t value is given by 

rr . ./"1 • (x, - x 2 ) / — + 

with the degrees of freedom, v, given as 

v » 

n 1 + 1 
(s 27n 2) 2 

n 2 + 1 

-2 

For either case, the mean concentrations of the two data sets are not 
significantly different if the t value obtained is less than the critical 
value of t c. If the mean concentrations do not differ significantly, then 
the accuracies for the two data sets do not differ. 
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RESULTS AND DISCUSSION 
During routine analysis of samples between February 1992 and March 1994, 
associated quality control (QC) measurements were over 99% compliant with 
program data quality objectives (DQOs). This near zero defects 
performance was due primarily to two factors: (1) representativeness and 
reasonableness of QC measurement acceptance criteria and (2) good 
laboratory practice. The general manner in which analysis method QC 
procedures are applied also contributes to avoiding DQO deficiencies. For 
example, QC requirements for analysis method calibration must be satisfied 
before conducting sample analyses, and this phased approach greatly 
reduces the probability the noncompliant QC measurements as the analysis 
process proceeds. 

Based on laboratory control sample (LCS) analysis results during routine 
sample analyses, average precision and accuracy (P&A) for the 29 compounds 
of interest was relative standard deviation (RSD) precision of 7.5% (7.0% 
for Method 430.1, 9.7% for Method 440.1) and recovery (R) accuracy of 
97.8% (98.2% for Method 430.1, 97.8% for Method 440.1). These average 
values are well within the corresponding program DQOs of 25% RSD and 70-
130% R. Even if individual compounds are considered, the compounds with 
largest deviations from the ideal results (i.e., maximum RSD: 15.2% for 1-
butanol, minimum R: 85.3% for 1,3,5-trimethylbenzene, maximum R: 106.1% 
for 1,2-dichloroethane) are still well within the program's DQOs. 
The described sample analysis performance was achieved during normal 
laboratory operations, and instances where work had to be repeated to 
satisfy QC requirements were very infrequent (i.e., less than 3% of total 
analysis time). Since analysis costs averaged $800 per sample, the cost 
for rework (i.e., price of nonconformance) was about $24 per sample. For 
the time period considered, close to 1,000 samples were analyzed, so total 
analysis costs were about $800,000 of which the cost for rework to satisfy 
QC requirements was at most $24,000. 
In contrast to program DQOs being rather simply and inexpensively 
satisfied through good laboratory practices, satisfaction of program 
statistically-based QC requirements proved to be both difficult, if not 
impossible, and expensive. Summaries of statistical test results are 
provided in Tables 4 and 5. 
As is the case for the LCS analysis results, average P&A results for the 
statistical test results are all well within program DQOs. Additionally, 
the statistical test results show: 

(1) average precision for each data set is generally much better 
(i.e., smaller RSD) than that compiled from all LCS analyses 

(2) magnitude of dat set precisionis directly related to the length 
of time for conducting data set analyses 

(3) data set precision approaches overall LCS analysis precision for 
data set analysis time intervals of about six months or more 
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Table 4. Method 430.1 (GC/MS) statistical test results for VOC analyses. 

CO 

Data Set 
Identification 

Number 
Analysis Time Per 

(dates) 

Replicate 
iod Analyses 
(days) (number) 

7 30 

Statistical Test Results for Compounds 
Average Averaae Data Set Statistically Equivalent (X) 
Precision Accuracy Compared To Precision ft 
(X RSD) (X R) (ID) Precision Accuracy Accuracy 

3.62 99.2 NA 1 02/18/92 - 02/24/92 

Replicate 
iod Analyses 
(days) (number) 

7 30 

Statistical Test Results for Compounds 
Average Averaae Data Set Statistically Equivalent (X) 
Precision Accuracy Compared To Precision ft 
(X RSD) (X R) (ID) Precision Accuracy Accuracy 

3.62 99.2 NA 

2 10/05/92 - 10/05/92 1 7 2.69 105.6 1 78 30 17 
3 10/05/92 - 10/23/92 19 7 4.30 97.2 2 96 48 43 
4 10/05/92 - 04/15/93 30 30 5.54 99.8 NA 
5 05/15/93 - 06/18/93 34 7 3.86 98.7 4 61 61 39 
6 06/22/93 - 08/10/93 49 7 2.03 99.5 5 61 74 39 
7 12/22/92 - 08/10/93 231 30 5.45 99.6 NA 
8 11/17/93 - 03/18/94 121 7 4.92 92.4 7 69 17 13 
9 02/23/93 - 03/18/94 388 30 5.55 97.1 NA 

NA « Not applicable. New initial (i.e., 30 replicate analyses) data set. 



Table 5. Method 440.1 (6C/FID) statistical test results for VOC analyses. 

CO CO 

Data Set 
Identification 

Number 
Analysis Tine Period 

Statistical Test Results for Compounds 
Reolicate Average Average Data Set Statistically Eauivalent (X) 
Analyses Precision Accuracy Compared To Precision & 
(number) (X RSD) (X R) (ID) Precision Accuracy Accuracy 

30 1.40 99.5 NA 

Data Set 
Identification 

Number (dates) 

03/11/92 - 03/17/92 
(davs) 

7 

Statistical Test Results for Compounds 
Reolicate Average Average Data Set Statistically Eauivalent (X) 
Analyses Precision Accuracy Compared To Precision & 
(number) (X RSD) (X R) (ID) Precision Accuracy Accuracy 

30 1.40 99.5 NA 1 
(dates) 

03/11/92 - 03/17/92 
(davs) 

7 

Statistical Test Results for Compounds 
Reolicate Average Average Data Set Statistically Eauivalent (X) 
Analyses Precision Accuracy Compared To Precision & 
(number) (X RSD) (X R) (ID) Precision Accuracy Accuracy 

30 1.40 99.5 NA 
2 09/14/92 - 09/14/92 1 7 0.91 101.7 1 100 20 20 
3 09/18/92 - 09/18/92 1 7 0.92 101.4 2 100 100 100 
4 03/04/93 - 04/26/93 53 30 7.25 94.1 NA 
5 06/30/93 - 08/10/93 41 7 6.13 84.1 4 80 40 40 
6 08/11/93 - 10/06/93 56 7 4.45 90.1 5 100 20 20 
7 04/09/93 - 10/06/93 180 30 7.80 86.7 NA 
8 01/20/94 - 03/10/94 49 7 3.21 96.4 7 60 20 20 
9 04/22/93 - 03/10/94 322 30 11.86 89.8 NA 

NA » Not applicable. New initial (i.e., 30 replicate analyses) data set. 



In five comparison between data sets, however, statistical equivalency 
between two data sets at the 95% confidence level was never satisfied for 
all 29 compounds. Examination of the statistical test results indicate 
the inability to obtain statistical equivalent data sets was due mainly to 
data set precision being more stringent than differences in accuracy 
between data sets. Apparently, P&A data generated from replicate analyses 
over short time intervals as specified by the program are not 
representative of actual method performance during routine sample 
analyses. This also means the accuracy of sample confidence limits 
estimated from such P&A data is questionable. 

In conducting the statistical tests, data sets 1-4 were compiled by 
replicate reference standards analyses conducted independently of routine 
sample analyses. This required at least 60 analyses with costs of about 
$48,000 for analyses and $6,000 for data compilation and evaluation. For 
the time period considered the statistical tests cost was about 15% of 
total laboratory costs. In early 1993 it was concluded that data sets 
analyzed over short period of time (i.e., few days to few weeks) were not 
providing representative P&A data, so subsequent data sets were compiled 
from LCSs analyzed during routine sample analyses. Using LCS analysis 
results for the statistical tests greatly reduced costs for the tests to 
less than 2% of total laboratory costs; however, the data sets were still 
not statistically equivalent. Without incurring substantial additional 
expense to implement extremely stringent QC procedures (i.e., about 10 
times more restrictive than current DQOs), it is unlikely the statistical 
tests as specified by the program could ever be satisfied and the data 
representative of routine analysis method performance. 
A more practical approach to obtaining representative P&A data would be a 
moving average of LCS analysis results; this would also be the most cost 
effective approach since LCS analyses are required as part of routine 
sample analyses. Since the primary purpose of the P&A data is for 
assigning upper confidence limits to selected sample analysis results, 
replicate analyses of the sample in question would be a much more direct 
and representative way to obtain that information. Another potential 
technique for obtaining representative precision information is one-way 
analysis of variance (one-way ANOVA). By subjecting all replicate sample 
and replicate LCS analysis results to one-way ANOVA, representative 
analysis precision would be provided by the one-way ANOVA error sum of 
squares term (i.e., variation within individual samples). 
CONCLUSIONS 
Comparisons of objective-based and statistically-based quality control 
(QC) measurement results from volatile organic compounds analyses of gases 
revealed some distinct differences. In general for the two year time 
period and the gas chromatography and gas chromatography/mass spectrometry 
analysis techniques considered, objective-based QC was effective and 
inexpensive while statistically-based QC was ineffective and expensive. 
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More specifically, key observations and differences between the two 
approaches are as follows: 
Objective-Based Quality Control 

• Effective - over 99% compliant with QC specifications 
• Inexpensive - less than 3% of total analysis costs 
• Representative - measurement QC limits consistent with analysis 

method capabilities 
• Workable - measurement QC limits easily and consistently satisfied 

during routine laboratory operations 
Statistically-Based Quality Control 

• Ineffective - never fully compliant with program QC requirements 
• Expensive - up to 15% of total analysis costs 
• Unrepresentative - short period (days) precision and accuracy (P&A) 

data not representative of long period (months) analysis method 
performance 

• Unworkable - statistical equivalency of P&A data between data sets 
from replicate analyses not demonstrable at 95% confidence level 

ACKNOWLEDGEMENTS 
Work supported by the U.S. Department of Energy, Assistant Secretary for 
Environmental Restoration and Waste Management, under DOE Idaho Operations 
Office Contract DE-AC07-761D01570. The authors wish to thank A. D. 
Chapman, B. C. Jensen, and B. E. Oates for assistance in analyzing samples 
and F. A. Sabel for typing the manuscript. 
REFERENCES 
USDOE, 1991, Quality Assurance Program Plan for the Waste Isolation Pilot 
Plant Experimental Waste Characterization Program, DOE/EM/48063-1, U.S. 
Department of Energy, Washington, D.C., July 1990. 
USEPA, 1988a, Compendium of Methods for the Determination of Toxic Organic 
Compounds in Ambient Air, U.S. Environmental Protection Agency, Quality 
Assurance Division, Environmental Monitoring Systems Laboratory, Research 
Triangle Park, North Carolina, May 1988. 
USEPA, 1988b, The Determination of Volatile Organic Compounds (VOCs) in 
Ambient Air Using SUMMA Passivated Canister Sampling and Gas 
Chromatographic Analysis, Compendium Method TO-14, U.S. Environmental 
Protection Agency, Quality Assurance Division, Environmental Monitoring 
Systems Laboratory, Research Triangle Park, North Carolina, May 1988. 
USEPA, 1990, Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-846, 3rd Edition, Final Update 1, U.S. Environmental 
Protection Agency, Office of Solid Waste and Emergency Response, 
Washington, D.C., November 1990. 

94 


