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1. Introduction 
 

The AQMD has historically not allowed testers to discard any data obtained during CEMS 
relative accuracy test audit (RATA), unless the tester could justify with documentation that the 
data should be discarded due to either sampling error or process related effects.  In the event 
that this justification could not be provided, the tester was required to use all of the test data.  
The AQMD is aware of the fact that 40 CFR Part 60 Appendix B allows testers to arbitrarily 
discard a maximum of three tests, but believes that arbitrary discarding of data is not 
technically sound, and could lead to misleading assessments of the accuracy of data collected 
under a CEMS program. 

 
2. Objective 
 

The AQMD does realize that outliers can occur during testing which the tester may not have 
discovered and documented at the time of testing, and an objective test can be used to 
determine outliers.  The procedure in this technical guidance document is recommended if the 
tester chooses to discard any RATA test data after the minimum number of tests (nine) have 
been performed. 

 
3. Procedure 

 
One of the following procedures must be used to discard outliers as applicable: 
 
a. One Outlier: 

 
The Dixon Ratio test, as described in Appendix F of the EPA’s Quality Assurance 
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Handbook for Air Pollution Measurement Systems (Vol. 1, USEPA Document EPA-6-/9-
76-005, March 1976), shall be used as the test for a suspected single outlier in the data, 
using r11 or r21 criterion as appropriate for the number of data sets obtained during the 
CEMS testing.  A normal distribution shall be assumed so that the test may only be done 
on the actual data and not log-transformed data.  A significance level of 5% shall be used 
which corresponds to a 95% confidence test and is consistent with the other confidence 
intervals used for CEMS.  If the Dixon Ratio test flags either the highest or lowest value 
as a potential outlier, the identified data may be discarded without further substantiation. 

 
b. Two Outliers: 
 

If two outliers are suspected the tester shall apply the Grubbs test for simultaneously 
testing those suspected values.  The above criteria of normal distribution of data, 5% 
significance level, and discarding without further substantiation shall apply. 

 
The above referenced Appendix F of the EPA’s Quality Assurance Handbook for Air Pollution 
Measurement Systems is attached. 

 
 

APPROVED 
 
 
 
             
Melvin D. Zeldin        Date 
Director 
Applied Science and Technology Division 

 
 

attachment: 
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Figure F.l. ~ and s control charts for TSP data.
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= 9. 0 ~g/m3the mean)
~g/m3
~g/m3

a- (standard deviation ofx

UWLx(upper 2a limit) = 74.5
LWLX(lower 2a limit) = 38.5
UCLx(3a) = 83.5 ~g/m3
LCLx(3a) = 29.5 ~g/m3

Figure F.l shows three averages below the LWLX(2a limit) and no
values above the UWLx(2a limit). No values are below the 3a

limi t LCLx (3a). Hence we do not suspect any averages to be
significantly different from the historical average and which
would suggest further investigation.

Figure F.l (lower part) is the control chart for the stan­
dard deviation.

R (average range) = 47.0
& = 0.43 (47.0) = 20.2

(upper 2a limit for s) =

(lower 2a limit for s) =

(99.5 percentile) = 38.9
(0.5 percentile) = 4.6

33.7
7.0

There is a single outlier on this chart and this sample (one
month of data--5 values) should be checked for factors which
might explain the high value for the standard deviation. See
Example F.l for further discussion of this example relative to
action taken after the flagging or identification of the ques­
tionable value. The same data were used in that example.

The advantage of the quality control chart approach is that
not only are questionable values within a month detected, but
also if all of the values for a month are high relative to
values for other months, they will be flagged. The latter can
result from personnel changes, instrument problems, calculation
errors, and such changes will go undetected when comparing a
single possible outlier within a data set. It is recommended
that both test procedures (Dixon or Grubbs and the control
chart) be used if resources permit, if not use the control chart
technique.
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F.3 GUIDANCE ON SIGNIFICANCE LEVELS

The problem of selecting ~n appropriate level of signifi­

cance in performing statistical tests for outliers is one of

comparing two resulting costs. If the significance level is set

too high (e.g., 0.10 or 0.20) there is the cost of investigating

the data identified as questionable a relatively large propor­

tion of the time that, in fact, 'the data are valid. 1 On the

other hand, if the significance level is set too low (e.g.,

0.005 or 0.001) invalid data may be missed and these data may be

subsequently used in making incorrect decisions. This cost can

also be large but is difficult to estimate. The person respon­

sible for data validation must therefore seek an appropriate

level based on these two costs. If the costs of checking the

questionable data are small, it is better to err on the safe

side and use Cl = 0.05 or 0.10 say. Otherwise, a value of

Cl = 0.01 would probably be satisfactory for most applications.

Af·,..:experience is gained with the validation procedure, the Cl

value should be adj~sted as necessary to minimize the total cost

(i.e., the cost of investigating outliers plus that of making

incorrect decisions).
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