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acid and glycerophosphoric acid. The compound con-
cerned is evidently a glyceroinositophosphatidie aeid,
which is perhaps identical with the one previously
found in soybean phosphatides (13).

The third weight-curve peak, around transfer No.
250, is like the last-mentioned peak, reflected both in
the phosphorus and in the glycerol curve but neither
in the nitrogen nor in the meso-inositol curve. As the
molar ratio phosphorus:fatty acid is about 1:2 and
since glycerophosphoric acid is the only phosphoric
acid ester occurring in an acid hydrolysate, it would
be reasonable to assume that the compound concerned
was an ordinary glycerophosphatidic acid. The posi-
tion of the peak does not however correspond to the
position it should have if this were true, and electro-
metric titration shows it to be a monobasic acid with
an equivalent weight of about 2,700. After being
washed with acid for a short period, it may be titrated
as a dibasic acid with the same equivalent weight.
These facts suggest the presence of a polyglycerophos-
phatidic acid.

The fourth weight-curve peak occurs at about tube
No. 40. 1t is reflected in the glycerol, phosphorus, and
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nitrogen curves. The molar ratio between these com-
pounds is very nearly equal to 1. Moreover this peak
coincides with a peak of the fatty acid curve. The
molar ratio of fatty acid:phosphorus is about 2:1.
Paper chromatographic separation of the substances
released by acid hydrolysis (6 N HCl for 24 hrs.)
shows that the only substances present are choline,
ethanolamine, and serine. Therefore it is a reasonable
assumption that what we are dealing with is a mix-
ture of phosphatidylcholine, phosphatidylethanola-
mine, and phosphatidylserine.

Summary

The object of the present work has been to study
those soybean phosphatides which cannot be extraected
by means of nonpolar solvents but only by means of
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mixtures of nonpolar and polar solvents, for instance
hexane and ethanol. These phosphatides were frac-
tionated by the countercurrent distribution techniqgue,
and the following groups of substances were found:
a) carbohydrates with d-inositol in the form of the
methyl ether called pinitol; b) a number of nitrogen-
containing substances, the nature of which is not as
yet fully elucidated but which is perhaps merely
decomposition products of proteins; ¢) a glyceroinosi-
tophosphatidic acid which contains equimolar quanti-
ties of glycerophosphoric acid and inositolmonophos-
phoric acid and phosphorus and fatty acids at a ratio
of about 1 to 2; d) a high-molecular phosphatidie
acid; and e) a mixture of the three glycerophospha-
tides: phosphatidylcholine, -ethanolamine, and -serine.
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An Interlaboratory Study of Test Methods

A. C. ROHLOFF and R. J. HOULE,! Lever Brothers Company, Edgewater, New Jersey

precision of test methods is one of the activities
of the Smalley subcommittee on glycerin of the
American Qil Chemists’ Society. In this paper the
statistical methods used to analyze the results of the
1957-58 study are described. The scoring system used
to select the two laboratories awarded certificates of
merit is also explained. _
In addition to fulfilling Smalley Committee objec-
tives, an interlaboratory test study could shed light
on the following questions:
Do any of the laboratories have a constant crror for the test?
‘What degree of variation ean be expeeted when the test is used
a) by the same analyst on the same day?
b) over a period of several months within the same
laboratory?
¢) in different laboratories over a period of several
months ?
Can the variation of the test be considered the same
a) from month to month within the same laboratory?
b) from month to month within different laboratories?

ﬁ N INTERLABORATORY STUDY of the accuracy and

1 Pgst chairman of the A.0.C.S. Smalley Subcommittee for Glycerin,

To the individual participating laboratory, the first
question is probably the most important. For com-
panies using the servieces of referec laboratorics the
degree of laboratory-to-laboratory variation for the
test method is also an important consideration.

Discussion and Calculations

To realize the full potential information in an inter-
laboratory study it is necessary to have the results
reported in the same uniform way by all participating
laboratories. It is desirable to have each laboratory
run and report the same number of determinations
per sample. If laboratories run from one to 10 deter-
minations per sample and report only the average
value, not only is a great deal of information lost
but the results are almost impossible to interpret
statistically.

Twenty-five laboratories participated in the glye-
erin subcommittee program. Five samples were dis-
tributed at monthly intervals., The series included
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soap lye erude, saponification crude, USP, and syn-
thetic glycerin samples.

As the sodium periodate method for determining
glycerol is of great interest, the numerical examples
are based solely on the results of this test as reported
by 14 of the laboratories participating in the 1957-58
study.

When results are received from the participants,
the question invariably arises as to which, if any, of
the values should be discarded as some of the values
are often quite obviously out-of-line. Therefore it
is desirable to have an objective method for discard-
ing such values. The Dixon (1) criteria for rejecting
them, using the 99% confidence level, was conse-
quently adopted. The calculations for the first sam-
ple are illustrated in the Appendix. Using these
criteria, none of the results reported by the 14 labo-
ratories were discarded.

After rejecting such values the arithmetic average
of the remaining values is computed for each sample,
and, in the absence of other information, this aver-
age is taken as the true value. The deviation of the
average of each laboratory from the over-all sample
average (d) is next computed. This procedure is
followed for each of the five samples, as shown in
Table I. These deviations are also plotted in control
chart form, as in the upper portion of Figure 1.

The variation of the test when run in duplicate on
the same day is now estimated. If the average of
two values for a given laboratory was discarded when
testing for out-of-line values, these two values are
not included in the calculation of test variation. The
absolute difference between duplicate determinations
(R) is found and plotted for each sample as illus-
trated by the lower part of Figure 1. We notice
that the range for the first sample analyzed by Labo-
ratory 1 is considerably larger when compared with
the other ranges. Before calculating the average for

a sample, outlying values were discarded; similarly
we want to discard atypical values before obtaining
an estimate of the variation of the test.

To do this we computed the average range (R) and
followed the statistical quality control methods to find
the three-sigma limits for the range chart. From the
computation given in the Appendix, the first estimate
of the upper control limit for the range chart is
0.21%. The chances are 3 in 1,000 that a point will
lie above this limit when there is no real change in
the test variation. Two of the values do exceed this
upper limit; these values are discarded as atypical,
R and the limits are recomputed. Other than the dis-
carded values, all points now lie within the revised
limits shown on the range chart in Figure 1.

Based on the average range of ® = .058%, the thres-
sigma limits for the chart of average deviations are
=+ .109%. These limits are shown as dashed lines in
the upper part of Figure 1, where it is seen that none
of the laboratories have deviations falling within
these limits for all five samples.

It is typical of many test methods that duplicate
determinations run nearly at the same time agree
more closely than determinations made at longer time-
intervals; hence it is not surprising to find a number
of points outside the control limits based on duplicate
determinations. It is for this reason that we may
wish to have and, in fact, may need another estimate
of the variation of the test.

The total variance, o2 of the observed results (other
than that caused by differences between samples) can
be partitioned into three components: variation due
to differences between duplicates, ¢>/%; variation due
to the interaction between laboratories and samples,
o2/1; and variation due to differences between labora-
tories, o2/, Algebraically we have o2=¢?/d-+0?/18+4%/1,

For an illustrative example, any variation within
laboratories, over and above that caused by differ-
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TABLE T

Duplicate Determinations Reported for Percentage of Glycerol by Sodium Periodate with Avt'mges (X), Differences Between Duplicate (R), and
Deviations from Sample Averages (d)

Laboratory number

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Soap lye crude 81.29 | 81.41 | 81.87 | 81.77 | 81.43 | 81.66 | 81.80 | 81.66 | 81.84 | 81.92 | 81.60 | 82.18 | 8231 | 81.43
glycerin 80.97 | 81.55 | 81.88 | 81.70 | 81.56 | 81.78 | 81.71L | 81.66 | 81.61 | 81.92 | 81.61 | 82.05 | 82.35 | 81.37
X=81.71 $=81.13 | 81.48 | 81.88 | 81.74 | 81.50 | 81.72 | 81.76 | 81.66 | 81.72 | 81.92 | 81.60 | 82.12 | 82.33 | 81.40
R= .32 14 01 07 13 12 .09 .00 23+ .00 01 13 04 .06
d= —58 | —23 17 03 | —a21 01 05 | —.05 01 21 | —11 41 62 | —31
Soap lye crude 79.77 | 79.33 | 79.78 | 79.88 | 79.55 | 79.37 | 79.63 | 79.31 | 79.77 | 79.72 | 79.53 | 79.31 | 79.62 | 79.89
glycerin 79.81 | 79.37 | 79.81 | 7992 | 79.56 | 79.35 | 79.60 | 79.31 | 79.66 | 79.60 | 79.48 | 79.23 | 79.43 | 79.80
X=79.79 | 79.35 | 79.80 | 79.90 | 79.56 | 79.36 | 79.62 | 79.31 | 79.72 | 79.66 | 79.50 | 79.27 | 79.52 | 79.84
R= .04 .04 03 04 .01 .02 03 .00 11 12 05 .08 19 09
d= 20 | —24 21 31 | —03 | —.23 03 | —28 13 07 | —09 | —32 | —.07 25
Saponification 76.85 | 76.68 | 76.23 | 76.34 | 7647 | 76.75 | 7681 | 76.84 | 76.89 | 76.83 | 76.52 | 76.43 | 76.80 | 76.02
crude glycerin 76.83 | 76.72 | 76.28 | 76.49 | 76.72 | 76.75 | 76.81 | 76.95 | 76.89 | 76.83 | 76.68 | 76.32 | 76.82 | 76.02
X=76.64 X=76.84 | 76.70 | 76.26 | 7642 | 76.74 | 76.75 | 76.81 | 76.90 | 76.89 | 76.83 | 76.60 | 76.38 | 76.86 | 76.02
R= .02 04 05 15 06 00 .00 a1 .00 .00 .16 11 .07 00
d= .20 06 | —38 | —.22 10 11 A7 .26 25 19 | —04 | —26 22 | —.62
USP glycerin 98.43 | 9859 | 98.69 | 9852 | 98.67 | 98.46 | 98.80 | 98.49 | 98.53 | 9857 | 98.49 | 9842 | 98.34 | 98.99
98.45 | 08,63 | 98.70 | 98.54 | 98.65 | 98.56 | 98.92 | 98.63 | 98.53 | 98.69 | 0848 | 9837 | 98.34 | 99.01
X = 98.59 X=98.44 | 98.61 | 98.70 | 98.53 | 98.66 | 98.51 | 98.90 | 98.56 | 98.53 | 98.63 | 98.48 | 98.40 | 98.34 | 99.00
R= .02 .04 .01 02 02 10 .03 14 .00 12 01 .05 .00 .02
d= —.15 02 11 | —.06 07 | —.08 A1 | —03 | —08 04 | —11 | 19 | —25 41
Synthetic USP 99.39 | 99.52 | 99.24 | 99.60 | 99.64 | 99.62 | 99.20 | 99.57 | 99.43 | 99.59 | 99.36 | 99.45 | 99.36 | 99.80
glycerin 99.42 | 99.55 | 99.32 | 99.58 | 99.60 | 99.71 | 99.13 | 99.71 | 99.46 | 99.48 | 99.36 | 99.55 | 99.43 | 99.91
X =99.50 X=199.40 | 99.54 | 99.28 | 99.59 | 99.62 | 99.66 | 99.16 | 99.64 | 99.44 [ 99.54 | 99.36 | 99.50 | 99.40 | 99.86
R= .03 .03 .08 02 .04 .09 07 14 03 a1 .00 10 07 a1
Fd= —.10 04 | —22 09 12 16 | —.34 14 | —06 o4 | 14 00 I —10 36

* Not included in the final estimate of R.

ences between duplicates, will make the second com-
ponent, o> larger. The computational procedure
for obtaining estimates of these components of vari-
ance is given by Anderson and Bancroft (3). The
results of these computations are shown in Table IT.

The largest variance component is ¢2/% = 0.0606. Tf
some laboratories show significantly better accuracy
for USP samples while other laboratories show better
accuraecy for soap lye crude samples, we expect o2/
to be large. However 21 will also be large if not all
the within-laboratory variation is reflected in o%/%
Assuming the latter is true, we obtain a new estimate
of within-laboratory variance by pooling ¢*>® and o2/':
oV = g2/ G215 = () 0645 (0, =0.25%)

The varianee of the average of duplicate determina-
tions is equal to o¥/4/2 + ¢/ = 0.0625 (a standard de-
viation of 0.25%.). Three-sigma limits, == 0.75% based
on this standard deviation, include all the values of d,
plotted in the upper part of Figure 1.

To what extent o> does in fact include within-
laboratory variation can be determined by a specially
designed interlaboratory series. In part, such a de-
sign would call for the same sample to be reanalyzed
within each laboratory after at least a month. Until
such a program is completed, we believe that the value
of 0.25% can be taken as a reasonable estimate of the
standard deviation for the precision of the test.

TABLE 1T

Components of Variance for the Percentage of Glycerol Analysis

Degrees Sums Mean Expected
Source of variation of of squares mean
freedom squares a squares
Samples 4 | 13458.3892 | ... | e
Laboratories.... 13 a2/d 410 g2/!
Samples X laboratories... 32 ¥ 2 g2/1s
Between duplicates......... 70 o?/d
Total..ooooeeiriinnns 139 | 13465.6917 |
6% = 0.0039 64 = 0.06%
o?/1s = (0.1251 — 0.0089)/ 2 = 0.0606 —0.25%7

o¥/1 = (0.0404 — 0.0039) /10 = 0.0036 g1 = 0.06%,

Scoring System

As an incentive for participation in the study and
also as a means of emphasizing the importance of con-
trolling test variability, recognition is given to the
three most accurate and precise laboratories. To se-
lect these laboratories an objective scoring system is
needed. The scoring system has been devised so that:
ties in the final standings will be avoided; improve-
ment even among the better laboratories will be re-
flected in the scoring; cach of the test methods is
weighted according to relative importance in the in-
dustry; a laboratory does not reach the neighborhood
of the maximum possible scores until the month-to-
month variability of the test method is near that
evidenced by duplicate determinations run on the
same day.

The score depends on the magnitude of the mean
deviations from the over-all sample average (d). To

TABLE ILT
The Maximum Possible Score for Kach Test

All crudes
Percentage of glycerol.
Percentage of ash...
Percentage of total alkalinit
Percentage of sodium chloride
Percentage of total residue at 175°C

Synthetic USP and USTP glycerin
Percentage of glycerol.
Specific gravity ........
Percentage of Karl Hisc lwr moisture........

o

TABLE TV
Percentage of Maximum Score to Be Assigned for Different Values of D

Percentage of

D maximum score
0.00 to 0.49 100
0.50 to 0.99 90
1.00 to 1.49 80
1.50 to 1.99 70
2.00 to 2.49 60
2.50 to 2.99 50
3.00 to 3.99 30
4.00 to 4.99 10
More than 5.00 0
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TABLE V
Scores for Kach Labhoratory and Sample for Percentage of Glycerol by Sodium Periodate?
Laboratory number
Sample

1 2 3 4 5 6 7 | 8 9 10 11 12 13 14
Soap lye crude
glycerin 0 0 4.5 40.5 1] 45.0 36.0 36.0 40.5 0 13.5 0 0 0
Soap lye crude
glycerin 0 0 0 0 40.5 0 40.5 0 13.5 31.5 22.5 0 31.5 0
Saponification
crude glycerin 0 31.5 0 0 22.5 13.5 5 0 0 0 36.0 0 0 0
USP glycerin 4.5 40.5 13.5 31.5 31.5 27.0 0 40.5 31.5 36.0 13.5 0 0 0
Synthetic USDP
glycerin 22.5 36.0 a | 225 13.5 45 0 13.5 31.5 36.0 | 135 45.0 22.5 0
Taotal scare 27.0 108.0 13.0 4.5 108.0 90.0 81.0 90.0 117.0 103.5 99.0 45.0 54.0 0
Rank order 10 2 11 5 2 6 7 6 1 3 4 9 8 12

4 Based on S = 0.0519% and S1=8/V2 = 0.036%.

score a laboratory on a given test we compute D =
[d] /8, where 8 is the standard deviation of averages
of two duplicate determinations run on the same day.
In Table I1I we show the maximum possible score for
cach test method in the study. Table IV gives the
percentage of the total possible score awarded for
various values of D. Table V shows the total scores
for the 14 laboratories.

Although there will be ties between laboratories for
a given test method, these ties will almost always dis-
appear when the scores for the test methods are pooled.

For laboratories interested in improving and con-
trolling the precision and accuracy of test methods,
statistical quality control techniques provide a useful
tool. One approach is to prepare a large number of
aliquots from the same sample, include these aliquots
periodically with routine samples, and use statistical
quality control charts to spot when a shift occurs in
the values obtained. When the control chart indi-
cates a shift in the average, an effort can then be made
to locate and eliminate the source of difficulty. If all
analysts within a laboratory report values consistently
too high or low, this may not be detected by statistical
control charts within the laboratory. This type of
bias will however probably be detected by a large-
scale interlaboratory comparison such as the A.0.C.S.
glycerin sample series.

Conclusions

Our aim has been to construct a simple method of
seoring consistent with the objectives of the study and
to present the results in a manner that does not require
too much statistical sophistication. However, if real-
istic estimates of the precision of test methods are to
be obtained, the interlaboratory tests must be more
thoughtfully designed and the statistical analysis will
tend to be somewhat more complicated as in the com-
ponents of variance analysis we have presented.
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APPENDIX

Discarding Outlying Values. For the first soap lye crude
sample the averages of the two values reported by each labora-
tory are in rank order: 81.13, 81.40, 81.48, 81.50, 81.60, 81.66,
81.72, 81.72, 81.74, 81.76, 81.88, 81.92, 82.12, 82.33. To deter-
mine if 82.38 should be discarded, following Dixon (1), we
Conpuee:

X—Xa-s 82.33—81.92
P = WY = 0.48<0.64
XX 82.33—81.48

where ry for re: at .99 confidence level = 0.64
X is the largest value

Xn-» is the second from the largest value
X is the value third in rank

Since 0.48 is less than 0.64, the 0.99 confidence point given by
Dixon, we do not diseard 82.33. To test if 81.13 is an outlying
value, the averages are ranked from smallest to largest and the
formula is used as before with Xm now representing the small-
est value.

Limits for Control Charts. The constants used in calculating
control chart limits and further details may be found in the
¢ AS.T.M. Manual on Quality Control of Materials’’ (2).

The Range Chart. The sum of the values of R for all labo-
ratories and samples is 4.46.

R =4.46/70 = 0.064%
Lower limit = D:E = 0.000 (0.064) =0
Upper limit = p:E = 3.267 (0.064) = 0.21%

The revised limits are found after disearding two values, 0.32
and 0.23:
R = (4.46 —0.23 — 0.32) /68 = 0.058%
Lower limit = 0
Upper limit = 3.267 (0.058) = 0.19%

The estimate of a single test standard deviation is:
$ = E/d. = 0.058/1.128 = 0.051%
The Chart for Mean Deviations from Sample Averages (d).

The limits are based on ® = 0.058%:
+ AR = +1.88 (0.058) = +0.109%.



