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ACCURACY, PRECISION, AND LOWER DETECTION LIMITS

(A Deficit Reduction Approach)

Carl T. Bishop

Fernald Environmental Restoration

Corporation (FERMCO)
P.O. Box 398704

Cincinnati, OH 45239

The evaluation of the accuracy, precision and lower detection
limits of the determination of trace radionuclides in environmental

samples can become quite sophisticated and time consuming. This in
turn could add significant cost to the analyses being performed.

In the present method, a "deficit reduction approach" has been

taken to keep costs low, but at the same time provide defensible
data.

In order to measure the accuracy of a particular method,

reference samples are measured over the time period that the actual
samples are being analyzed. Using a Lotus spreadsheet, data are

compiled and an average accuracy is computed.

If pairs of reference samples are analyzed, then precision can also
be evaluated from the duplicate data sets. The standard deviation
can be calculated if the reference concentrations of the duplicates

are all in the same general range.

Laboratory blanks are used to estimate the lower detection
limits. The lower detection limit is calculated as 4.65

times the standard deviation of a set of blank determinations made

over a given period of time. A Lotus spreadsheet is again used to

compile data and LDLs over different periods of time can be

compared.

ACCURACY

In order to measure the accuracy of a particular method, a

certain number of reference samples are analyzed over the time

period that the actual samples are being analyzed. Ratios of the
measured v_lues to the reference values are compiled. The average

accuracy (A) of the method is then computed as follews:

A(%) = { _ (m/r)/n] - i} x 100%

where: m = measured value of reference sample

r = reference value of reference sample

n = number of reference samples analyzed

Using a Lotus spreadsheet, measured and reference values are added
to the data set as samples are being analyzed. Accuracy can be

evaluated for a certain time period such as a year, and then be

documented as the accuracy for that time period. Alternately, older



da_a can be erased from the spreadsheet as newer data is
accumulated to evaluate the accuracy on a "running" basis.

A sample spreadsheet is shown in Figure i. Data related to
the accuracy of the liquid scintillation counting of tritium is

given on the lower right hand side of this spread sheet. When the
measured values and the reference values are entered into the Lotus

spreadsheet, the individual ratios (measured to reference), the

number of standards analyzed, and the accuracy in percent are all
calculated by programs put into the Lotus software. Each time

additional data is entered, a new accuracy is computed.

PRECISION

Precision is evaluated by measuring duplicate samples.
Usually it is convenient to analyze the same reference sample that

is analyzed to evaluate accuracy. If duplicate reference samples

are analyzed, then one set of data is generated to evaluate

precision, and two "data points" are available for the accuracy
calculation.

The standard deviation is used as a measure of precision in

the determination of trace radionuclides in environmental samples.
If duplicate determinations of a sample are made, then the

following equation is a good estimate of the standard deviation, _ :

= ( _ (d)2/(2n) }i

where: d = the difference between the two results

of a duplicate analysis

n = the number of sets of duplicates
measurements

Expressing the standard deviation as a relative value in

percent, _ (%):

(%) = (s/X) x 100%

where: X = the average of all the duplicate
measured values.

Referring again to Figure i, the duplicate measurements are

entered into the Lotus spreadsheet under x I and x 2. The number of
pairs of duplicates, the average of all the values, the standard

deviation, and the percent standard deviation are all automatically
calculated and entered into the spreadsheet. Again data may be

collected for a given time period, or old data may be deleted as
new data is entered.

LOWER DETECTION LIMITS

In order to evaluate lower detection limits, several "blanks"

are analyzed. Then from the standard deviation of these blanks,



the LDL is computed as follows:

LDL = 4.65 x o b

where o b = the standard deviation of a set of
blanks

Figure 2 shows a spreadsheet for the determination of the LDL
for the determination of Pu-238 in water. Data are entered in the

column "Blank (d/m/ml)". When the "Blank" entries are copied to

the "Blanks Used" column, the average value of all the blanks, the
standard deviation of this set of data, the relative standard

deviation, and finally the LDL are calculated in the Lotus

spreadsheet. The reason for the two columns "Blank" and "Blanks
Used" is to allow data in the "Blank" Column not to be used in the

computations if there is valid reason not to include it. As with

accuracy and precision data, LDLs are updated as new blank d_ta is
entered. Again an LDL may be calculated for a given time period,

or old data may be deleted from the data set as new data is

acquired.

SUMMARY

Although the above calculation methods lack any degree of

sophistication, they are very practical. The approach requires
that standards and blanks be analyzed along with the actual

samples. Use of the Lotus spreadsheets allows continual revision
of the quality control parameters. As samples are analyzed,

results are given with uncertainties consistent with the accuracies

and precisions evaluated from standards. Likewise if measured

results of actual samples are below the computed lower detection
limit for the method being used, the analyst can report "less than"

the given LDL. When measured values are just above the LDL, the

"average blank" calculated in the Lotus spreadsheet can be
subtracted from the measured value to give the net concentration of

the particular radionuclide in the sample.

Disclaimer

This paper was prepared as an account of work sponsored by an

agency of the United States government. Reference herein to any

specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not constitute or imply

its endorsement, recommendation, or favoring by the United States

government or any agency thereof. The views and opinions of
authors expressed herein do not necessarily state or reflect those

of the United States government, or any agency thereof or Fernald
Environmental Restoration Management Corporation, its affiliates or

its parent companies.



FIGURE 1

QUALITY CONTROL - ACCURACY AND PRECISION 08/27/93
E-107 COUNTING LABORATORY (QCH3-WI)

Tritium by Liquid Scintillation Counting of Standard "IH391',

Measured quantity: Tritium (Standard 1H391) in Water
Starting date: 7/92 ACCURACY 2.4 %

Ending date: 10/92 PRECISION i.i %

Comments: Measured and Reference Values in dpm

STANDARD DEVIATION FROM ACCURACY DETERMINATION

DUPLICATE DETERMINATIONS FROM STANDARDS ANALYSIS

Pairs of Duplicates = 8 No.of Stds. Analyzed = 16

Average of all values = 1245 Accuracy (Bias) in % = 2.4
Standard Deviation = 14

% Standard Deviation = 1.1

DATE Meas. Ref. Ratio

DATE Xl X2 (XI-X2) ^2 Value Value Meas/Ref

7/28/92 1282 1280 4 7/29/92 1282 1219 1.05

7/30/92 1235 1234 1 7/29/92 1280 1219 i. 05

8/3/92 1204 1247 1849 7/30/92 1235 1219 I. 01
8/6/92 1260 1233 729 7/30/92 1234 1219 i. 01

8/20/92 1241 1253 144 8/3/92 1204 1218 0.99

8/25/92 1227 1233 36 8/3/92 1247 1218 I. 02

9/28/92 1237 1251 196 8/6/92 1260 1218 1.03
10/20/92 1252 1254 4 8/6/92 1233 1218 I. 01

8/20/92 1241 1215 1.02

8/20/92 1253 1215 I. 03

8/25/92 1227 1214 I. 01

8/25/92 1233 1214 1.02

9/28/92 1237 1208 i. 02

9/28/92 1251 1208 1.04

10/20/92 1252 1204 1.04
10/20/92 1254 1204 1.04



FIGURE 2

DATE 08/27/93
LOWER DETECTION LIMIT CALCULATION LDLAWD92

FOR: Pu-238 in Water (Tracer 2Pu-236)

Alpha Pulse Height Analysis
Blanks Blank

Used DATA SUMMARY Date Analyst (d/m/ml) Comments

0.00049 N= 33 !2/13/91 T. Wells 0.00049 BLK-I-3

0.0016 12/13/91 T. Wells 0.0016 BLK-2-4
0.0044 Average =0.000665 1/8/92 T. Wells 0.0044 BLK-1-2

0.00018 1/14/92 T. Wells 0.00018 BLK21-6

-0.00071 Std. 1/14/92 T. Wells -0.00071 BLK212118

0 Dev. = 0.001761 1/15/92 T. Wells 0 BLK216-1
-0.00073 1/15/92 T. Wells -0.00073 BLK218-2

0.000426 Rel. Std. 2/15/92 T. Wells 0.000426 2/12/92
-0.00095 Dev. = 265% T. Wells -0.00095

-0.0004 2/19/92 T. Wells -0.0004 2/19/92
0.000897 LDL = 0.008191 T. Wells 0.000897

0.000375 d/m/ml 4/21/92 T. Wells 0.000375 4/21/92
-0.00013 T. Wells -0.00013

-0.00033 4/22/92 T. Wells -0.00033 4/22/92
-0.004 T. Wells -0.004

0.000168 5/12/92 T. Wells 0.000168 5/12/92
0.00222 T. Wells 0.00222

0.00222 5/17/92 T. Wells 0.00222 5/17/92
0.000168 T. Wells 0.000168

0.00017 7/14/92 T. Wells 0.00017 7/14/92
0.000128 T. Wells 0.000128
-0.00012 8/19/92 T. Wells -0.00012 8/19/92

0.0036 T. Wells 0.0036

-0.00038 11/24/92 T. Wells -0.00038 11/24/92
0.0041 T. Wells 0.0041

0.0011 12/7/92 T. Wells 0.0011 12/7/92
0.00106 T. Wells 0.00106

-0.00171 1/27/93 T. Wells -0.00171 BLKI
0.00114 T. Wells 0.00114 BLK2

0.0037 2/12/93 T. Wells 0.0037 BLK3
-0.00051 T. Wells -0.00051 BLK4

0.00344 4/_/93 T. Wells 0.00344 BLK5
0.00037 T. Wells 0.00037 BLK6
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ACCURACY

Accuracy is evaluated from the measurements
of several standards. The average accuracy in
percent, A (%) is computed as follows:

A (%) = ([_ (m)/n]- 1) x 100%

Where: m -- measured value of standard
r - known value of standard
n -- number of standard samples analyzed
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The standard deviation, s, of an analytical method
is calculated from duplicate determinations:

s = ( _ d 2/2n ) 1/2

Where: d = the measured difference between duplicates
n = the number of sets of duplicates
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The standard deviation is computed as a relative
value in percent, s (%):

s (%)=(S/x)x loo%

Where: x --- the average of all the duplicate
measurement values
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LOWER DETECTION LIMIT

The lower detection limit, LDL, is computed
as follows:

LDL = 4.65 S b

Where: Sb = the standard deviation of a set of
measured blanks
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_R UPDATED ACCURACY

Using a Lotus spreadsheet, the accuracy is
recalculated each time a standard is analyzed.

Likewise, precision and lower detection limits
are continually updated,
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I ._.__,,._.QUALITY CONTROL- ACCURACY & PRECISION__CR E-107 COUNTING LABORATORY (QCH3-W1)

Tritium by Liquid Scintillation Counting of Standard "1H391"

Measured Quantity: Tritium (Standard 1H391) in Water
Starting Date: 7/92 ACCURACY 2.4%
Ending Date: 10/92 PRECISION 1.1%
Comments: Measured and Reference Values in dpm

ACCURACY DETERMINATIONS FROM STANDARDS ANALYSIS

No. of Stds. Analyzed = 16 Date Meas. Ref. Ratio
Accuracy (Bias)in % = 2.4 Value Value Meas./Ref.

7/29/92 1282 1219 1.05
7/29/92 1280 1219 1.05
7/30/92 1235 1219 1.01
7/30/92 1234 1219 1,01
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___10UAL_TYCONTROL-ACCURACY_PRECISIONE-107 COUNTING LABORATORY (QCH3-W1)

Tritium by Liquid Scintillation Counting of Standard "1H391"

Measured Quantity: Tritium (Standard 1H391) in Water
Starting Date: 7/92 ACCURACY 2.4%
Ending Date: 10/92 PRECISION 1.1%
Comments: Measured and Reference Values in dpm

STANDARD DEVIATION FROM DUPLICATE DETERMINATIONS

Pairs of Duplicates = 8 Date Xl X2 (Xl-X2) ^2
Average of All Values = 1245
Standard Deviation = 14 7/28/92 1282 1280 4
% Standard Deviation = 1.1 7/30/92 1235 1234 1

8/3/92 1204 1247 1849
8/6/92 1260 1233 729
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.._J,_'_::,--_LOWER DETECTION LIMIT CALCULATION
_ FOR: Pu-238 in Water (Tracer 2Pu-236)

Alpha Pulse Height Analysis
Blanks Blank
Used Data Summary Date Analyst (d/m/ml) Comments

0.00049 N = 33 12/13/91 T. Wells 0.00049 BLK-1-3
0.0016 12/13/91 T. Wells 0.0016 BLK-2-4
0.0044 Average = 0.000665 1/8/92 T. Wells 0.0044 BLK-1-2

0.00018 1/14/92 T. Wells 0.00018 BLK21-6
-0.00071 Std. 1/14/92 T. Wells -0.00071 BLK212118

0 Dev. = 0.001761 1/15/92 T. Wells 0 BLK216-1
-0.00073 1/15/92 T. Wells -0.00073 BLK218-2

0.000426 Rel. Std. 2/15/92 T. Wells 0.000426 2/12/92
-0.00095 Dev. - 265% T. Wells -0.00095

-0.0004 2/19/92 T. Wells -0.0004 2/19/92
0.000897 LDL = 0.008191 T. Wells 0.000897
0.000375 d/m/ml 4/21/92 T. Wells 0.000375 4/21/92
-0.00013 T. Wells -0.00013
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