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ANALYTICAL RESULTS
H8-76-310

Recent discussions with customers and the enclosed document from
Claude Sill point out the need to discuss the radiochemical results
that are generated by the H8 analytical chenistry section.

All radiochemical results reported from this laboratory include an
uncertainty that reflects only the 10 standard deviation associated
with the random nature of the radioactive decay process. This value
does not reflect uncertainties due to pipetting errors, weighing
errors, untraced loss of material, etc. We are trying to extablish a
quality control program that attempts to evaluate these potential errors.
As Sill points out quantitatively estimating these errors is difficult.
However, we think we have a reasonable program for Pu. Results of this
quality control effort have been, and will continue to be reported in
the quarterly report. These results are reported such that the users
can evaluate the overall accuracy, pre@isisn and absolute detection
limit for the Pu procedure. When enough data has been obtained we will
publish the results in an appropriate forum.

We are guilty of generating computer output with more significant
figures than is merited. The programs are being rewritten to alleviate
this problem. We have assumed that the customers were aware of the
proper treatment of significant figures. However, a word of caution is
perhaps appropriate. All results should be rounded off to properly
reflect the significance of the result as shown by the uncertainty.

There is a great deal of information to be obtained from the uncer-
tainties reported with each resvlt. It is a kind of figure of merit
for that result. The overall unrertainty in the result cannot be better
than the uncertainty associatci with the counting statistics. It may
be worse due to the previously mentioned problems of pipetting, weighing
etc. If we assume that these latter types of errors are relatively the
same for all samples (undoubtedly an incorrect assumption) or if they
are small relative to the counting errors (probably a correct assumption
for low level samples), then the counting statistics offer the best
criteria for evaluating the relative worth of a result. It is patently
wrong to calculate an unweighted mean for radiochemical results. It
assumes that the uncertainties are equal which they obviously are not.
For instance, given two results 1.0 #1.0 and 0.01 #0.001, an unweighted
mean gives an average of (.50 which gives undue consideration to the
larger result which is in fact below the detection limit. Whereas a
weighted average gives a mean value of 0.01 which correctly reflects
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the fact that one value is reasonably well defined and the other is
not. One can ignore the necessity to weight the results when the un-
certainties are small relative to the result. However, it is a fatal
error if one is dealing with samples with unequal uncertainties.

The uncertainty reflects the absolute quantity of the analyte
relative to the background, 'a function of the concentration of
analyte in the sample, the sample size and the tracer recovery.
Neither the magnitude of the result nor the percent tracer recovery
are good criteria for evaluating the validity of a result. A result
of large magnitude may only reflect large corrections due to small
sample size and/or poor tracer recovery (only one of which can be con-
trolled by the analysts). This fact will be readily apparent from the
relative magnitude of the uncertainty. A low tracer recovery indicates
there is a problem with the chemical procedures and it degrades the
sensitivity of the procedure. However, if one accepts the basic
assumption that isotopic equilibrium has been established between a
tracer and the isotope to be analyzed then a low recovery does not
directly degrade the result. The main source of direct uncertainty
associated with low tracer recovery is the uncertainty in counting
staticstics due to a decreased number of counts in the tracer peak.
However, this is again manifest in the reported uncertainty of the
result.

Occasionally the number of counts in a sample peak will be identic-
al to the number of counts in the backgrovanl. This situation produces
a zero result. The mathematics is such that this situation also gen-
erates an uncertainty of zero. This is obviously incorrect and such
cases should be considered as such. The uncertainty in such cases 1is
actually quite large since we are subtracting two values of equal
magnitude to get an infinitely small value. We are trying to assess
the correct way to address this problem, but as yet do not have a
satisfactory soiution.

241 : .

There has been a lot of Am data generated in the process of
developing the procedure for this isoterpe. T would like to reiterate
some of the points made recently by Daryl Knab in an attempt to aid
you in evaluating the data. We cannot judge the value of the data
for your experiment, we can only pass on to you our results with the
precautions as we see them.

1. The reported percent recovery on the 241Am computer data
sheets should be ignored in all cases. It is an artifact of the com—
puter program and does not reflect the real tracer recovery. If you
wish to assess the recovery, look at the column marked "tracer counts"
on the computer data sheet. One tundred percent recovery yields
2900 counts in 80,000 secs. Al-o see the earlier comments concerning
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tracer recovery. A low recovery does not off-handedly mean the result
is of no value.

2. The 241Am procedure was often ineffective in removing OtBEE
g-emitters. These emitters can interfere with the oa-spectrum of Am,
If the interference is due tOZZE we can quantitatively assess the inter-
ference and calculate a good Am value. If you wish to do this we
will assist in making the corrections. Corrections cannot be
assessed for other d~emitters and results of these type of samples

can only be considered as upper limits.

3. Another problem that has been encountered in the 241Am pro-
cedure is the failure to remove macro quantities of non-radiocactive
materials., This degrades the resolutio 4ff the spectrum an§4§akes it
difficult or impossible to resolve the Am peak from the Am peak.
In general we have attempted, where possible, to do the calculation
by hand. Each of these values should be considered on its own merit.
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REPORTING OF ANALYTICAL RESULTS

Analytical Chenistry Branch
Bealth Services Laborzatory
U. §. Enargy Research
“and Developzant Administration

There is considerable confusion in the way various laboratories raport
their apnalytical results, particularly those from radiochemiczl m=asure-
wents. Some laboratories report the standard deviation resulting from
measurement of the random processes only; others report the randozm uncer-
tainty after multiplication by two or three to obtaim higher confidence
limits. In many casas, only the statistical uncertainty of -the final
sample mezasurazent is includad, while othar equally important randem

.uncertaintias incurred. earlier in the determination are completely ignorad.
Sowe lzborziories report various combinations of raadom plus systematic
uncertaintizss, sometimes with no clear explanation as to what was done.

Ia addition ts the confusion, there are other objectionzble practiczs that
are widesprazd. Analytical results should be reported in such a way as to
convey as muci information as cleaarly as possible. However, physical m2a-
suremsnts shculd not be permitted to azppear more precisa and/or accurate
than they ra2=zily gre to prevent unwarranted cecnclusions from being drawn
from the dztz. For example, many laboratories report standard deviztions

to three or —ore significant figures with no more justification than '"that's
what the co=puter gives." A standard deviation is a value by which
associated mezsurement can be expected to vary once out of evary
-times. To infer that the resulis are sufficiently precise
jnterpretation of the standard deviation to thrze or four
figures is certainly optimistic, even if the value of the i
tion used were correct. More often, the value usad is not even correct
for severzl reasons: other important random errors hava not baen
propagated to the final result; the population distribution is either
not ‘known or is knowh to be skewed; and other nonrazadom (systematic)
uncertainties ara present and have not been included. .
Another bad practice en.ountered frequantly is the failure t~ ensura
decimal agreement between the result and its associatad uncertainty.
For example, resuvlts such as 1.2 * 0.002 or 1.234 £ 0.2 are intermally
inconsistent and should be clarified. Either the result is more precise
than is given, as indicated by its staandard deviation, and more sigai-
icant figures should be retazined; or tune result is much less precise
than indicated, and the number of significant figures should be decreased
to agree with the precision indicated by the standard deviation. Lack of
correspondence in the decimal places of numbers being add=d or subtracted
frequently is responsible for implied precision and accuracy that czanoot
possibly be achieved. For example, suppose the aanval r2lease of
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radioactivify from several facilities was 21,200,000 curies froam one, 5,260

curies fron anothar, and 1.62 curies from 2 third. To say that the total
activity releascd from the site was 21,205,261.62 curies certainly implies
a precision in the'measurEment that is both incorrect and unintandad.

Analytical results obtalnad from this Branch Wlll reflect the following

crlterla.

Every result will be expressed as a finite number with a plus-or-minus
uncertainty attached. The term "mot detected"” will not be used bzcause
it indicates ounly that the substance in gusstion was in fact not detected
by whatever =2ans employed but gives no quantitative information as to

the sensitivity with which it wés not detectad. Th2 human eye is a nuch

‘more sensitiva indicator cf the si2° of a lump of coal thzn ‘the macro
f—

iv

scales in tkha coal yard. The term "'detection limit" will be used on ly to
desczribe quamzitatively the saﬂ51ulv1uy of thes znalytical procadures
available 222 not to express the quantitative results of actuzal analyses.
The same objezctions and prohibitiqn are also true with respact to the use
of other s*_;larlv quantitatively nondescriptive terms such as nil, none,
trace, ma2g le, etc. Except in the absolute sanse of the last molecule,
‘even the tex zzro" is meaningless and requires quantitative dascription
by use of =2 riate numerical values, e.g., 0.00 is cortalnly different
in its implicaztion than O.
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The plus—or-zinus value attached to the result is the total statistical
uncertainty resulting from measuremant of all randozm processes involvad.
properly carried through to the final result using the fundamental law of
propagation of errors, at the 687 confidence level (i.e., one standzrd
deviation). The standard deviation will be rounded off to onz significant
figurs, or to not more than two significant figures when ths munbers
involved are less than 15. .For exacple, the nusber 12 has twice as many

significant figures as the number 9, but an absolute uncertainty of one

"part in the last place produces a relative uncertainty that is not signi-

ficantly different for eithar nuwmber. The result itself will then be
rounded off so .that the last significant figure retainsd will occur in
the same decimal place as that ia which the standard deviﬂtion occ'r.
THESE NUMBERS MUST THEN BE INTERPRETED BY THE USER WITH DUE COY LRATICN
FOR THE CONFIDENCE LIMITS DESIRED!

An estimate of all nonrandom or systematic uncertainties incurred anywhere
in the measurement process, if significant comparsed to the randoa uncer-—
tainties, will be placed in parentheses after the standard deviation.

Trhis estimate is highly subjective and generally difficult or impossible

to achieve with any substantial accuracy. However, the impressions of

the analyst can be as important in assessing the accuracy and acceptability
of the final result as the numerical data. Because the numericaX data

ars more objective and susceptible of exact statistical interpcetztion,
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the systematic uncerta
wi

e in cis
th which the measurece

on T

ties will be kept separatzs so that the pre
nt was carried out can be kept clearly defin

‘Jo L

In the past, it has .been the practice of this Branch to report analyrical
- results at or near the de;ectxon limit somewhat indiscriminately in either
. of two ways. A "less than' ‘valus such as < 6 x 1077 uCi/nl, correspon-
ding to the detec;lon limit at the 95% coafidence level for the conditions
Lsed and the net disintegration rate actually obta 4a to~ath°r with tha
standard deviztion of its d=termination, such as 2 3 x 1079 pCi/mi,
have both bzen used. Although both numbers mean almost but not quite the
same thing scatistically, it was thought that the practical conclusions
to be obtainzd a2nd the intent would be clear from the way the data wer
presented. Eoswvever, somz2 confusion, loss of data, and additional p:ocleas
have reSLT:ai. Particularly, when large numbers of radiochemiczl results
are to bz coc-bhined, such as in obtaining yearly avarages, m2an trernds,
etc., the cuastion arises as to how to handle results reported in terms

.. "~ of "less thzz," detection limits, or megative numbars.

ine
e

In 211 radicchemical msasurements near the detection limit, the net valrva
is obtainel Zrom the differsnce betwean a gross count and a backgroun
) count, whish are nsarly identical in size for the szxze counting tice znd
which reflzc: the measurament of statistically random processas. The :
problez is I= rthsr complicated by the fact that a net reagent blank, also i
n2ar zaro, —ust also be date sarple ma2a-
a ar

roined in the same way as the n=at
subiracted therefrom. Consequently, if the saﬁole contai
no ac;1v1tv, there is exactly the saue probablllty of obtaining saall

positive net values that are in fact "zero" as in obtaining equally szmall
negative nat values that are 'zexd'because of the identical statistical
probability of either numbar being numerically larger than the othar.
- The inclination to accept 2 small positive value 2s baing real simply
’ . because it is positive, but to reject an equally szmzall negative valus
° _ because it is negative is a purely human rezction, totally uasupported
by mathematical statistics when randow events are baing measured.
‘Although it is completaly clear and logical that thera car bs mo such
thing as a negative concentration, it is equally clear that elimination
of srall negative numbers representing m2asurements of raadom processes
w1ll surely give rise to a slightly p051t1ve bias in the means of a2 large

uzber of measurements.

Henceforth, it will be the policy of this Branch to report the net disin~ -
tegration rate (expressed as a concentration) and standard deviation
actually obtained, whether or not the sign is negative. When the absoluta
value of the net rate can be rounded off to one siguificant figure
occurring in a decimal place to the right of the one in which the stz
deviation occurs, the value is rounded to zero. TFor example, O. 0 5
is rounded upwards to 0.09 and then to 0.10 and reported as 3.1 % 0.
0.04 * 0.2 is rounded downward and reported as 0.0 %= 0.2. Xet ne"at

cran.
o
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nuchers should then be rounded vpwards to zero by the customer bafors
publication or othar release after thz averagzas have be=n determined,
or on each individual result if no furthzr mathematical treatrmant is
intendcd. It may be predictad with some confidence that nat negative
nucbers larger than two or three times the standard daviation of tha
net will not be encountered. Much lazrger values would give increasing
confideace that the negative values were real. Because of thes physical
lmPOSelbllle of such a result, presence of a systematic error in the

measuremsnt is 1ndicaued that will bz ideztified and elininated.

GQ wa)

Clauds W. Sill, Chief
Analytical Chemistry Braach






