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tetradecanol) are separated and detected, quantitation is
hindered by poor solubility and the formation of micelles.

Applications. Since a prerequisite for PAD reactivity is
adsorption of the analyte, the presence of other surface-ad-
sorbable substances, as well as electroactive compounds, can
act as interferences. Therefore, general selectivity is achieved
via chromatographic separation prior to PAD. This conclusion
does not preclude additional selectivity from control of de-
tection parameters.

The assay for alcohols was applied to several matrices to
illustrate the analytical utility of the procedure. Separation
on an ion-exclusion column with direct detection is illustrated
in Figure 8 for various aliphatic alcohols and polyalcohols in
toothpaste (A), liquid cold formula (B), brandy (C), and wine
cooler (D). The selectivity for alcohols in acidic media at a
Pt electrode contributes to decreased time for sample prep-
aration and simplified chromatograms.

The versatility of separations on mixed-mode ion-exchange
columns with selective detection is illustrated in Figure 9 by
the simultaneous detection of ionic and neutral species in a
pharmaceutical preparation. This experiment utilizes a UV
detector and PAD in series after a PCX-500 column. Under
acidic conditions, the cephalosporin antibacterial consists of
a cation (i.e., cefazolin) and neutral and anionic compounds
(i.e., 1,6-hexanediol, 1,4-cyclohexanediol, and p-toluenesuifonic
acid). The neutral and anionic compounds are separated by
the reversed-phase character of the column, while the cationic
compound is separated by a combination of cation exchange

and reversed-phase mechanism. Figure 9 shows that the
p-toluenesulfonic acid and the cefazolin are both detected by
UV at 254 nm (A), and the two diols, which do not have a
chromophore, are easily detected by PAD (B). In addition,
the cefazolin has a PAD signal, which has a higher limit of
detection than UV, but may be utilized for added selectivity.
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Statistical Treatment for Rejection of Deviant Values: Ciritical
Values of Dixon’s “Q"” Parameter and Related Subrange Ratios

at the 95% Confidence Level

David B. Rorabacher

Department of Chemistry, Wayne State University, Detroit, Michigan 48202

Critical values at the 95% confidence level for the two-tailed
Q test, and related tests based upon subrange ratlos, for the
statistical rejection of outlying data have been interpolated by
applying cubic regression analysis to the values originally
published by Dixon. Corrections to errors in Dixon’s original
tables are also included. The resultant values are judged to
be accurate to within £0.002 and corroborate the fact that
corresponding critical values published in recent statistical
treatises for analytical chemists are erroneous. It is recom-
mended that the newly generated 95% critical values be
adopted by analytical chemists as the general standard for
the rejection of outller values.

Analytical chemists depend upon the generation and in-
terpretation of precise experimental data. As a result, they
are especially cognizant of the value of statistics in data
treatment, and a number of statistical treatises have recently
been published that are specifically written for the professional
analytical chemist (7). Included in each of these publications
is a brief section dealing with tests for the rejection of grossly
deviant values (outliers). Although many statistical tests have
been proposed to deal with this topic [Barnett and Lewis (2)
discuss 47 different equations designed for this purpose], it

is interesting to note that these treatises, as well as essentially
all analytical chemistry textbooks published in the U.S. during
the past decade (3), have settled on the use of Dixon’s @ test
(and variants thereof) (¢) as the primary method for testing
for the rejection of outlying values.

Each of the recent statistical treatises written for analytical
chemists has attempted to include critical values of  for the
95% confidence level, values that were not included in Dixon’s
publications. However, not only do the 95% confidence values
differ in each treatise but all compilations contain significant
errors. The most legitimate set of 95% values is that presented
by Miller and Miller (4 < n < 10) (Ia), which they attribute
to King (5), but no such values are listed in King’s article, and
the values of Miller and Miller differ by amounts varying from
0.002 to 0.007 from the 95% values presented in the current
manuscript. Anderson (Ib) describes the equations corre-
sponding to the two-tailed tests for Dixon’s parameters
designated as ryy (for 3 < n < 10), ry; (for 8 < n < 10), and
ro (for 11 < n < 13) and purportedly lists critical values for
the 90%, 95%, and 99% confidence levels for these sample
sizes, but the values actually listed in his table are Dixon’s
values for one-tailed tests. Thus, as applied to two-tailed tests,
Anderson’s confidence levels should be labeled 80%, 90%, and
98% (vide infra). Caulcutt and Boddy (I¢), while describing
only the equation for the @ (i.e., ry) ratio, accurately list both
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1950 article (4), Dixon investigated the performance of several
statistical tests in terms of their ability to reject bad values
in data sets taken from Gaussian populations. The tests
investigated included both those which require independent
knowledge of ¢ or s and those which do not require such
information. Of the tests included in the latter group, Dixon
concluded that tests based on ratios of the range and various
subranges were to be preferred as a result of their excellent
performance and ease of calculation. [Dixon also noted that
another test which performs well in screening for outliers is
a modified F test, in which the ratio of the standard deviations
calculated by including and excluding the suspected deviant
value is compared to critical values of F; however, this latter
test may be “masked” by a second deviant value.] The range
tests, all of which are closely related, include the following
(where the values are ordered such that x; < x, < ... <x,;
< x,):
1. For a single outlier x,

X~ Xy Xn = Xpq
rg = OR ——
xn - xl xn - x1
2. For outlier x, avoiding x,
X~ X1 Xp = Xp-p
ry = ———— OR ——
Xp17 % Xp — Xo
3. For outlier x, avoiding %, x,_;
X9~ X3 Xp = Xp-1
ryg = ——— OR ——
Xpg — X1 Xp~ X3

4. For outlier x, avoiding x,
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The ry ratio is commonly designated as “Q” and is generally
considered to be the most convenient, legitimate, statistical
test available for the rejection of deviant values from a small
sample conforming to a Gaussian distribution. (It is equally
well suited to larger data sets if only one outlier is present.)
The fact that small data sets are common in analytical testing
procedures, in combination with the simplicity of this test,
accounts for the fact that the @ test is included in nearly all
modern statistical treatises and textbooks designed for use
in analytical chemistry (1, 3).

A few authors (17), following Deming’s viewpoint (vide
supra), object to the rejection of data from any small sample
based on statistical tests, claiming that the amount of in-
formation available is insufficient to establish the distribution
pattern; recommended alternatives include dropping the
highest and lowest values {(for a sample containing five or more
values) or reporting the median. However, this would appear
to be overly cautious since most series of repetitive analytical
measurements follow a Gaussian distribution (18) provided
that s is small compared to X (thus, the @ test is not applicable
to analytical measurements when operating close to the de-
tection limits). Dixon has tested the relative merits of the
sample mean and median as an estimator of the population
mean under various conditions (11, 15) and has concluded that,
for the most part, the sample mean (after the rejection of
outliers) appears to provide a better approximation than does
the median.

In his original calculation of the critical values of the various
r criteria (15), Dixon was able to obtain exact solutions only
for the case where n = 3 or 4. Critical values for n = 5, 7, 10,
15, 20, 25, and 30 were calculated by using numerical methods.

All other values were obtained bv internolation and were ’
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Table I. Critical Values of Dixon’s r, (@) Parameter As Applied to a Two-Tailed Test at Various Confidence Levels,

Including the 95% Confidence Level®

confidence level

80% 90% 95%

Nb (a = 0.20) (a = 0.10) (a = 0.05)
3 0.886 0.941 0.970
4 0.679 0.765 0.829
5 0.5857 0.642 0.710
6 0.482 0.560 0.625
7 0.434 0.507 0.568
8 0.399 0.468 0.526
9 0.370 0.437 0.493
10 0.349 0.412 0.466
11 0.332 0.392 0.444
12 0.318 0.376 0.426
13 0.305 0.361 0.410
14 0.294 0.349 0.396
15 0.285 0.338 0.384
16 0.277 0.329 0.374
7 0.269 0.320 0.365
18 0.263 0.313 0.356
19 0.258 0.306 0.349
20 0.252 0.300 0.342
21 0.247 0.295 0.337
22 0.242 0.290 0.331
23 0.238 0.285 0.326
24 0.234 0.281 0.321
25 0.230 0.277 0.317
29 0.227 0.273 0.312
27 0.224 0.269 0.308
28 0.220 0.266 0.305
29 0.218 0.263 0.301
30 0.215 0.260 0.298

96% 98% 99%
(e = 0.04) (o = 0.02) (e = 0.01)
0.976 0.988 0.994
0.846 0.889 0.926
0.729 0.780 0.821
0.644 0.698 0.740
0.586 0.637 0.680
0.543 0.590 0.634
0.510 0.5655 0.598
0.483 0.527 0.568
0.460 0.502 0.542
0.441 0.482 0.522
0.425 0.465 0.503
0.411 0.450 0.488
0.399 0.438 0.475
0.388 0.426 0.463
0.379 0.416 0.452
0.370 0.407 0.442
0.363 0.398 0.433
0.356 0.391 0.425
0.350 0.384 0.418
0.344 0.378 0.411
0.338 0.372 0.404
0.333 0.367 0.399
0.329 0.362 0.393
0.324 0.357 0.388
0.320 0.353 0.384
0.316 0.349 0.380
0.312 0.345 0.376
0.309 0.341 0.372

¢In this and the other accompanying tables, the newly generated or corrected values are indicated in boldface. ?Sample size.

Table II. Critical Values of Dixon’s r,, Parameter As Applied to a Two-Tailed Test at Various Confidence Levels, Including

the 95% Confidence Level

confidence level

80% 90% 95%

Ne (e = 0.20) (e = 0.10) {a = 0.05)
4 0.910 0.955 0.977
5 0.728 0.807 0.863
6 0.609 0.689 0.748
7 0.530 0.610 0.673
8 0.479 0.554 0.615
9 0.441 0.512 0.570
10 0.408 0.477 0.534
11 0.385 0.450 0.505
12 0.367 0.428 0.481
13 0.350 0.410 0.461
14 0.336 0.395 0.445
15 0.323 0.381 0.430
16 0.313 0.369 0.417
17 0.303 0.359 0.406
18 0.295 0.349 0.396
19 0.288 0.341 0.386
20 0.282 0.334 0.379
21 0.276 0.327 0.371
22 0.270 0.320 0.364
23 0.265 0.314 0.357
24 0.260 0.309 0.352
25 0.255 0.304 0.346
26 0.250 0.299 0.341
27 0.246 0.295 0.337
28 0.243 0.291 0.332
29 0.239 0.287 0.328
30 0.236 0.283 0.324

3Sample size.

96 % 98% 9%
(a = 0.04) (a = 0.02) (a = 0.01)
0.981 0.991 0.995
0.876 0.916 0.937
0.763 0.805 0.839
0.689 0.740 0.782
0.631 0.683 0.725
0.587 0.635 0.677
0.551 0.597 0.639
0.521 0.566 0.606
0.498 0.541 0.580
0.477 0.520 0.558
0.460 0.502 0.539
0.445 0.486 0.522
0.432 0.472 0.508
0.420 0.460 0.495
0.410 0.449 0.484
0.400 0.439 0.473
0.392 0.430 0.464
0.384 0.421 0.455
0.377 0.414 0.446
0.371 0.407 0.439
0.365 0.400 0.432
0.359 0.394 0.426
0.354 0.389 0.420
0.349 0.383 0.414
0.344 0.378 0.409
0.340 0.374 0.404
0.336 0.369 0.399

a one-tailed test; but, for very small sample sizes, the effect
may be slightly less than double depending upon the dis-
tribution pattern of the data since the tail containing the
perceived deviant is determined by the sample rather than

by independent knowledge of the true distribution of the
population. This argument implies that, at worst, assuming
a doubling of the « risk upon going from a one-tailed test to
a two-tailed test will result in critical values that are slightly
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Table III. Critical Values of Dixon’s r, Parameter As Applied to a Two-Tailed Test at Various Confidence Levels, Including

the 95% Confidence Level

confidence level

80% 90% 95%

Ne (a = 0.20) (a = 0.10) (a = 0.05)
5 0.919 0.960 0.980
6 0.745 0.824 0.878
7 0.636 0.712 0.773
8 0.557 0.632 0.692
9. 0.504 0.580 0.639
10 0.464° 0.537 0.594
11 0.431 0.502 0.559
12 0.406 0.473 0.529
13 0.387 0.451 0.505
14 0.369 0.432 0.485
15 0.354 0.416 0.467
16 0.341 0.401 0.452
17 0.330 0.388 0.438
18 0.320 0.377 0.426
19 0.311 0.367 0.415
20 0.303 0.358 0.405
21 0.296 0.349 0.396
22 0.290 0.342 0.388
23 0.284 0.336 0.381
24 0.278 0.330 0.374
25 0.273 0.324 0.368
26 0.268 0.319 0.362
27 0.263 0.314 0.357
28 0.259 0.309 0.352
29 0.255 0.305 0.347
30 0.251 0.301 0.343

96% 98% 99%
(a = 0.04) (a = 0.02) (a = 0.01)
0.984 0.992 0.996
0.891 0.925 0.951
0.791 0.836 0.875
0.708 0.760 0.797
0.656 0.702 0.739
0.610 0.655 0.694
0.575 0.619 0.658
0.546 0.590 0.629
0.521 0.564°¢ 0.602°
0.501 0.542 0.580
0.482 0.523 0.560
0.467 0.508 0.544
0.453 0.493 0.529
0.440 0.480 0.516
0.429 0.469 0.504
0.419 0.458 0.493
0.410 0.449 0.483
0.402 0.440 0.474
0.394 0.432 0.465
0.387 0.423 0.457
0.381 0.417 0.450
0.375 0.411 0.443
0.370 0.405 0.437
0.365 0.399 0.431
0.360 0.394 0.426
0.355 0.389 0.420

%Sample size. ®In Dixon’s original table (13), the r,, critical value at the 80% confidence level for n = 10 is 0.454. However, the cubic
regression curve based on the 40%, 60%, 90%, 96%, 98%, and 99% confidence level critical values for n = 10 as well as a regression curve
fitted to the 80% cricital values versus sample size indicates that this value should be 0.464. Therefore, it is concluded that the 80% critical
value originally published for r;; at n = 10 contains a typographical error. The samie ry, critical value for 95% confidence is obtained either
by using the corrected 80% value or by omitting it altogether from the regression analysis. °The r, critical values in Dixon’s original table
(13) for n = 13 at the 98% and 99% confidence levels are 0.554 and 0.612, respectively. However, cubic regression curves fitted to the
critical values at these two confidence levels as a function of sample size yield corrected values of 0.564 and 0.602, respectively, indicating
that the original values contained typographical errors. These latter values were used in resolving the r;, critical value for the 95% confi-
dence level at n = 13 (although the same 95% value was obtained by omitting these values and including the critical values for the 40% and

60% confidence levels).

tao high, and the resulting decisions that are made will be
overly conservative. As shown by comparison of Dixon’s
original one-tailed critical values for 95% confidence (15) with
his two-tailed critical values for the 9% confidence level (16b),
it is clear that Dixon assumed a doubling of the « risk.]

Interpolation of Critical Values at the 95% Confidence
Level. As noted above, Dixon was able to obtain exact so-
lutions for the various critical values only for the cases where
n = 3 or 4. Although the general form of the equation for n
2 5 has been presented (15), the specific expressions for the
central density function vary with each sample size, and these
expressions have not been published. Therefore, in the current
work, appropriate two-tailed critical values of @ at the 95%
confidence level were initially estimated by plotting the
(two-tailed) critical values for the 99%, 98%, 96%, 90%, and
80% confidence levels as generated by Dixon. The graphically
interpolated values for 95% @ were then checked by using
regression analysis to determine the best fitting empirical
polynomial functions to the values that Dixon published; these
functions were then solved for the appropriate critical values
of @ at the 95% confidence level.

With the exception of cases in which the original Dixon
tables contained apparent errors (vide infra), it was found that
a cubic function provided an optimal fit to the @ values in
this region. Interestingly, the use of a quadratic function
generally yielded the same values of 95% &, to three signif-
icant figures, as those obtained from a cubic function despite
a notably poorer fit; fourth-power functions also produced the
same 95% values to within £0.001 but were less sensitive to
errors in the tabular data. It was also noted that the cubic

functions could generally be extended to include the data for
the 60% and 40% confidence levels but, except as noted
below, these values were not included in fitting the cubic
regression curves since the data in the lower confidence level
region did not significantly affect the calculation of the 95%
values.

Based on the foregoing analysis, the critical values of @ at
the 95% confidence level were then calculated from the cubic
regression curve for each sample size and were found to be
within £0.001 of the values obtained graphically. Cubic
functions were subsequently fitted to the 99%, 98%, 96%,
90%, and 80% confidence level data for each of the other ratio
functions defined by Dixon. To check the veracity of the
generated equations, the critical values for 6% and 90% were
also calculated and, in each case (except as noted below), were
found to be within £0.001 of Dixon’s tabular values.

In using this approach, it was noted that cubic equations
could not be fitted to the ry critical values for n > 19. After
examining Dixon’s tabular data carefully, it was discovered
that the 90% confidence level critical values showed a dis-
continuity in this region. To circumvent this problem, the
60% confidence level values were included in fitting the ry
data to cubic equations. In the region 4 < n < 18, the critical
values of ry, at the 95% confidence level obtained by including
and excluding the 60% critical values were within £0.0002,
i.e., undetectable to three significant figures (see Figure 1).
For n = 19, the 90% values were then omitted. In this manner,
cubic expressions were generated that provided excellent fits
to the data and permitted both the 95% and new 90% critical
values to be computed. Interestingly, in comparing the newly
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Table IV. Critical Values of Dixon’s r,, Parameter As Applied to a Two-Tailed Test at Various Confidence Levels, Including

the 95% Confidence Level

confidence level

80% 90% 95%
Ne (e = 0.20) (e = 0.10) (a = 0.05)

4 0.935 0.967 0.983

5 0.782 0.845 0.890

6 0.670 0.736 0.786

7 0.596 0.661 0.716

8 0.545 0.607 0.657

9 0.505 0.565 0.614

10 0.474 0.531 0.579

11 0.449 0.504 0.551

12 0.429 0.481 0.527

13 0.411 0.461 0.506

14 0.395 0.445 0.489

15 0.382 0.430 0.473

16 0.370 0.418 0.460

17 0.359 0.406 0.447

18 0.350 0.397 0.437

19 0.341 0.387° 0.427°
(0.379)

20 0.333 0.378% 0.418°%
(0.372)

21 0.326 0.371° 0.410?
(0.365)

22 0.320 0.364° 0.402°
(0.358)

23 0.314 0.358° 0.395°
(0.352)

24 0.309 0.3528 0.390°
(0.347)

25 0.304 0.346° 0.383%
(0.343)

26 0.300 0.342° 0.379%
(0.338)

27 0.296 0.338¢ 0.374°
(0.334)

28 0.292 0.333° 0.370°
(0.330)

29 0.288 0.329° 0.365°
(0.326)

30 0.285 0.326° 0.361%
(0.322)

96 % 98% 99%
(a = 0.04) (a = 0.02) (e = 0.01)
0.987 0.992 0.996
0.901 0.929 0.950
0.800 0.836 0.865
0.732 0.778 0.814
0.670 0.710 0.746
0.627 0.667 0.700
0.592 0.632 0.664
0.564 0.603 0.627
0.540 0.579 0.612
0.520 0.557 0.590
0.502 0.538 0.571
0.486 0.522 0.554
0.472 0.508 0.5639
0.460 0.495 0.526
0.449 0.484 0.514
0.439 0.473 0.503
0.430 0.464 0.494
0.422 0.455 0.485
0.414 0.447 0.477
0.407 0.440 0.469
0.401 0.434 0.462
0.395 0.428 0.456
0.390 0.422 0.450
0.385 0.417 0.444
0.381 0.412 0.439
0.376 0.407 0.434
0.372 0.402 0.428

2Sample size. ®Starting with n = 19, the ry critical values for both the 90% and 95% confidence levels were calculated from the cubic
regression curves fitted to the critical values published by Dixon (I3) corresponding to the two-tailed 60%, 80%, 96%, 98%, and 99%
confidence levels (but omitting the published 90% confidence values). For the 90% confidence level, the values originally published by
Dixon are indicated in parentheses underneath the newly generated values. From a comparison of the two sets of values, it is obvious that
the critical values in the original table were shifted up one row in the column corresponding to the two-tailed 90% confidence level (see text).

generated 90% confidence level values of ry, with the original
tabular data, the results reveal that, in Dixon’s original table
(15), the two-tailed 90% confidence level values (corresponding
to Dixon's one-tailed « = 0.05) for 19 < n < 30 were acci-
dentally displaced upward by one row (see Table IV).

In any set of data in which the critical values at the 90%
and/or 96% confidence levels, as calculated from the cubic
regression equation, differed by more than £0.001 from
Dixon’s tabular values, both the cubic equation and the or-
iginal tabular data were carefully checked for error. In this
manner, five additional typographical errors were uncovered
in Dixon’s original tables. Corrected values were obtained in
two ways: (i) by generating a new cubic equation for the
specific sample size omitting the suspected tabular value (while
extending the cubic fit to include the 60% —and, in some cases
the 40% —confidence level value); and (ii) by generating a
cubic or quartic equation to fit the critical values at the specific
confidence level as a function of sample size. Identical values
were obtained with both approaches and, in all five cases, the
corrected values revealed that one digit had been incorrectly
typeset in the original paper (15). The corrected values are
indicated in Tables III and VI.

The resultant critical values of (o) at the 95% confidence

100

90

80

70

% Confidence Level

60

L.

0.4 0.5 0.6 0.7

ryg Values

Figure 1. Typical plot of critical values as a function of the confidence
level. The curve shown is the regression curve for r,; at n = 10
(including the values for 60%, 80%, 90%, 96%, 98%, and 99%)
corresponding to the cubic equation: % confidence level = -343,7575
+ 1835.0349r,, — 2548.5722r,,> + 1188.477r "

level and similarly generated critical values for the ry, ry5, s,
and ry functions are included in Tables I-VI along with the
values published by Dixon corresponding to the 99%, 98%,
96%, 90%, and 80% confidence levels—all confidence levels
shown being applicable to a two-tailed test. All values have
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Table V. Critical Values of Dixon’s r,, Parameter As Applied to a Two-Tailed Test at Various Confidence Levels, Including
the 95% Confidence Level

confidence level

80% 90% 95% 96 % 98% 99%

Ne (a = 0.20) (a = 0.10) (e = 0.05) (a = 0.04) (a = 0.02) (e = 0.,01)
5 0.952 0.976 0.987 0.990 0.995 0.998
6 0.821 0.872 0.913 0.924 0.951 0.970
7 0.725 0.780 0.828 0.842 0.885 0.919
8 0.650 0.710 0.763 0.780 0.829 0.868
9 0.594 0.657 0.710 0.725 0.776 0.816
10 0.551 0.612 0.664 0.678 0.726 0.760
11 0.517 0.576 0.625 0.638 0.679 0.713
12 0.490 0.546 0.592 0.605 0.642 0.675
13 0.467 0.521 0.565 0.578 0.615 0.649
14 0.448 0.501 0.544 0.556 0.593 0.627
15 0.431 0.483 0.525 0.537 0.574 0.607
16 0.416 0.467 0.509 0.521 0.557 0.580
17 0.403 0.453 0.495 0.507 0.542 0.573
18 0.391 0.440 0.482 0.494 0.529 0.559
19 0.380 0.428 0.469 0.482 0.517 0.547
20 0.371 0.419 0.460 0.472 0.506 0.5636
21 0.363 0.410 0.450 0.462 0.496 0.526
22 0.356 0.402 0.441 0.453 0.487 0.517

3¢ 33
r —




146 Anal. Chem. 1991, 63, 146-151

It is suggested that the critical values of § and the related titative Analysis: Theory and Practice; Harper & Row: New York,

el s . 1887; pp 78-80. (f) Rubinson, K. A. Chemical Analysis ; Little, Brown:
r criteria which have been generated for the 95% confidence Boston, 1987: pp 162-164. (g) Day. R. A. Jr: Underwood, A. L.

level should be used routinely by practicing analytical chemists Quantitative Analysis, 5th ed.; Prentice-Hall: Englewood Cliffs, NJ,
in testing for the rejection of outliers since this confidence 1986; pp 29-31. (h) Manahan, S. E. Quantitative Chemical Analysis;
level id bl ise bet 1 Brooks Cole: Monterey, CA, 1986; pp 74~75. (i) Kennedy, J. H. Ana-
evel provides a reasonable compromise between u tracon- lytical Chemistry: Principles, 2nd ed.; Harcourt, Brace, Jovanovich:
servatism and the overzealous rejection of deviant values. New York, 1990; pp 35-38. (j) Harris, D. C. Quantitative Chemical

: : : Analysis; Freeman: San Francisco, 1982; pp 51-52. (k) Ramette, R.
Thesg values Sh(_“ﬂd also be mcorporated. into futme analytical W. Chemical Equilibrium and Analysis; Addison-Wesley: Reading, MA,
chemistry treatises and textbooks dealing with tests for the 1981; pp 53-54. {N) Christian, G. D. Analvtical Chemistrv: Wilevi_New
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