
MONDAY-MORNING SESSION

REPORT ON ALCOHOLIC BEVERAGES

By J. W. SALE (U. S. Food and Drug Administration
Washington, D. C. ), Referee

The study of analytical methods for alcoholic beverages, which has
been conducted so extensively during the last four years by the associate
referees, was continued during the past year. They have also devoted
considerable time to the review of the methods of analysis dealing with
their subjects published in the 1935 edition of Methods of Analysis
A.O.A.C. and have recommended various changes to be incorporated in
the revised edition. Some of these changes are of such a character as to
require ratification by the Association.

Methods for the analysis of diastatic power of malt, and of malt ad
juncts including malt sirup, brewers' sugar, cereal flakes, rice, corn grits,
and refined grits; beer, volatile acids in wine, acids in distilled spirits,
aldehydes in potable spirits, and benzaldehyde, volatile esters and gamma
undecalactone in cordials and liqueurs, were studied during the past year
and reports submitted to the Association. The other subjects listed in the
program are recommended for study next year.

The specific recommendations made by the associate referees will be
given in their respective reports.

REPORT ON DIASTATIC ACTIVITY OF MALT

By CHRISTIAN RABK (Albert Schwill & Company,
Chicago, Ill.), Associate Referee

The present method for the determination of diastatic activity, Meth
ods of Analysis, A.O.A.C., 1935, 158,46 (b), fails to specify the details of
the standardization of the Fehling solution, and it has been shown that
the use of different methods may produce appreciable differences in
results. It is therefore recommended that the last paragraph be revised
to read: "Standardize the Fehling soln as directed under XXXIV, 32,
33."

This method is subject to criticism on several points, but the Associate
Referee thinks that no changes could be made in the basic procedure that
would materially improve its accuracy. Of the several variations of the
method that have been developed the so-called ferricyanide method is
very promising. However, these methods need further study before any
superiority in speed and accuracy can be positively established.
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REPORT ON PROTEOLYTIC ACTIVITY OF MALT

By STEPHEN LAUFER (Schwarz Laboratories, Inc.,
New York City), Associate Referee

The investigations conducted in recent years on proteolytic enzymes
present in cereals and their proteolytic activity deserve attention. They
widen the general knowledge on this subject and assist in the development
of a suitable method for its measurement.

Balls and Hale,! Hale,2 and Mounfield8 established beyond doubt that
the proteinase found in whole wheat, wheat bran, wheat flour, and
sprouted wheat is of the papainase type. The enzyme is activated by com- ~

pounds containing a sulfhydryl group, such as cysteine, and also by hy
drogen sulfide and cyanide, while oxidizing substances, such as common
bread improvers, persulfate, bromate, and metavanadate inhibit its
activity.

A modification of Laufer's viscometric method for measuring proteo
lytic activity of malt was suggested by Koch, Nelson, and Ehrnst.4 On the
other hand, Landis and F rey5 utilized the change produced in the gelation
rate of gelatin by proteolytic enzymes for determining the proteolytic
activity of various substances.

It appears, however, that the proteolysis occurring in a brewers' mash
is a rather complex phenomenon that cannot be measured by one single
method. The Associate Referee also continued his studies along the lines
indicated in his last reports, This Journal, 20,307 (1937); 21, 160 (1938),
and expects to submit the results next year.

It is recommended that the investigation on proteolytic activity of
malt be continued.

No report on malt extract in malt was given by the associate referee.

REPORT ON MALT ADJUNCTS

By F. P. SIEBEL, Jr. (958 Montana Street, Chicago, Ill.),
Associate Referee

During the past year collaborative work was done with the American
Society of Brewing Chemists, many of whose members are also members
of this organization. Samples of such commercially sold products as corn
sugars, corn sirups, brewers' rice, brewers' flakes, corn grits, and refined
grits were used. The analytical procedure followed was strictly in accord
with the methods of the A.S.B.C., many of which have been adopted as

1 This Journal, 18, 135, 140 (1935); 19,372 (1936); Cereal Chem., 13,54, 6116 (1936); 15, 622 (1938).
• Cereal Chem., 16,695 (1939).
• Biochem. J., 32, 1675 (1938).
• Ind. Eng. Chem., Anal. Ed., 11,35 (1939).
• Cereal Chem., 15,91 (1938).
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tentative by the A.O.A.C. The results of this work, together with the
summaries showing low, high, and median values, are presented in the
tables.

The results obtained by the majority of collaborators show satisfactory
agreement, except for the following determinations: pH of sugars and
sirups; moisture, extract, time of conversion, and assortment of cereal ad
juncts. Improvement of the present methods with respect to these deter
minations is now under consideration. It is also planned to eliminate cer
tain superfluous determinations and on the other hand to include
determinations that are not as yet part of the methods.

TABLE 2.-Summary for sirup samples 5 and 6

LOW BIGB IDIDlAN

Color, i" cell, 10% soln 1.1 1.75
Extract 79.6 80.1 79.9
Maltose
Dextrose } 47.9 52.1 50.3
Invert Sugar
Sucrose 0.0 1.24
Ferm. Extract, as rec'd 47.33 51.6 50.0
Ferm. Extract, dry basis 59.8 64.8 62.6
pH 3.8 5.3
Extract 80.7 81.0 80.9
Dextrose 22.60 26.90 24.90
Ferm. Extract, as rec'd 23.0 28.8 24.4
Ferm. Extract, dry basis 28.4 35.6 30.2
pH 3.9 6.0

TABLE 4.-Summary for sugar samples 7 and 8

LOW mOB IIliIDIA.N

Sample 7
Extract 97.0 97.4 97.3
Maltose 64.5
Dextrose 37.4 40.3 38.6
Ferm. Extract, as is 37.2 40.9 38.2
Ferm. Extract, dry basis 38.4 42.1 39.2
pH 3.8 5.8
Sample 8
Extract 83.6 85.0 83.9
Dextrose 67.5 70.7 68.7
Ferm. Extract, as is 62.1 65.8 64.2
Ferm. Extract, dry basis 73.1 78.4 75.9
pH 3.3 5.5

The mutual satisfaction and benefits arising in the past from the co
operation between the A.O.A.C. and the A.S.B.C. make a continuance of
such efforts appear highly desirable and indicate good results for the fu
ture. The present methods of the A.S.B.C. offer a valuable basis for the
formulation of methods for the A.O.A.a.

Further study of these methods is planned. Samples for collaborative
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work will be distributed during November and December of this year to
the members of the A.O.A.C. who have signified their readiness to co
operate as well as to the collaborators among the membership of the
A.S.B.C. Efforts will also be made to benefit from the opinions and ex
periences of the manufacturers of the products concerned.

The collaborative results were obtained with the A.S.B.C. methods.

REPORT ON BEER

By HUGO W. ROHDE (Jos. Schlitz Brewing Company,
Milwaukee, Wis.), Associate Referee

The 1938 report of the Associate Referee gave the results of 14 col
laborators. Very satisfactory agreement was shown, particularly from
those laboratories in which beer analysis is a daily routine. It did not
appear to be necessary to repeat this work this year.

The following suggestions and recommendations! are presented for the
improvement of the A.O.A.C. methods for beer. The references are to
Methods of Analysis, A.O.A.a., 1935, XIV.

(1) Par. 4, Apparent or Saccharometric Indication.-The following direc
tions should be added: "and record to second decimal place."

(2) Par. 7, Real Extract.-Methods (a) and (c) should be made official
(final action) and Method (b) be dropped or retained as tentative. The
latter involves the immersion refractometer reading of the beer and dis
tillate, and the results are not always satisfactory.

(3) Par. 8, Extract of Original Wort.-The following direction should be
added: "Report to first decimal place."

A more convenient formula could be added:
0= A X2 +E ± correction, in which-
o = extract or original wort;
A = % alcohol by weight (g. per 100 g. of beer); and
E = real extract.
Correction-Added or subtracted as given in the Correction Table-Pawlowski

Doemens: "Die Brautechnischen Untersuchungs-Methoden," Fifth Edition, 1938.
(This table could be reduced in size to less than one-half.)

(4) Par. 9, Real Degree of Fermentation.-The direction, "Report to
first decimal place," should be added.

(5) Par. 10, Total Acidity.-This method should be changed to read
as follows:

Run 10 or 25 ml of decarbonated beer into approximately 10 volumes of boiling
distilled water, and continue boiling for 60 seconds or longer after addition of sample.
Cool to room temperature and titrate immediately with 0.1 N alkali, using 1 mI.
of 0.04% phenolphthalein; 1 ml. of 0.1 N alkali =0.0090 g. of lactic acid. Report
results to nearest 0.01 %.

(6) Par. 12, Reducing Sugars.-The Munson and Walker table, XLII,
1 For report of Subcommittee D and aotion by the Association, eee This Journal, ZZ. 68 (1940).
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9, gives the maltose with one molecule of water. As it is customary, in beer
analysis, to record the reducible sugar as anhydrous maltose, the table
should be revised.

(7) Par. 18, Protein.-The selenium method for digestion seems to be
more rapid. The mixture taken consists of 250 g. of anhydrous sodium
sulfate, 4 g. of copper sulfate, and 4 g. of selenium. Five grams are taken
for the determination, and the titration is made with methyl red as
indicator.

(8) Par. 21, Sulfur Dioxide.-It is suggested that 1 cc of H aP04 be
changed to 4 ml. H aP04(sp. g., 1.154 containing about 25% H aP04)-weigh
as BaS04XO.2744 equals S02. Report as "volatile S" in mg. per liter.

(9) Par. 22, Iodine Reactionfor Unconverted Starch.-The last sentence,
"Abnormal beer gives red or violet coloration," which is not strictly
correct, should be omitted.

(10) Par. 24, Metals.-Heavy metals (Cu, Fe, Pb, Sn, Zn), even in very
minute quantities, are likely to impair the stability and keeping qualities
of beer. Therefore, it is recommended that an Associate Referee on Metals
in Beer investigate colorimetric determinations for Fe, Cu and Sn.

(11) Par. 26, Pasteurization.-It is recommended that this determina
tion be dropped.

(12) It i:s recommended that the methods submitted for the deter
mination of hyd,ogen-ion concentration and for end fermentation as
increase in the degree of fermentation be adopted as tentative.

The Associate Referee also suggests that attention be given to the
subject of hops.

No report on heavy metals in beer was given by the associate referee.

No report on carbon dioxide in beer was given by the associate referee.

No report on total sulfur in wines was given by the associate referee.

REPORT ON VOLATILE ACIDS IN WINE

By M. A. JOSLYN (University of California, Berkeley, Calif.),
Associate Referee

The work on volatile acidity of wines was limited to collaborative test
of the modified Peynaud procedure outlined in the preceding report, This
Journal, 22, 210 (1939). Three samples of wines were sent out to thirty
collaborators, of whom fifteen reported. The composition of the wines sent
out is given in Table 1. It is of interest that lactic acid distils over in ap
preciable quantities in the Fessler-type still used in this laboratory. With
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wines low in volatile acidity it forms a larger proportion of the "volatile
acid" content than it does with wines high in volatile acidity. The
methods of analyses suggested to the collaborators were the following:

(1) Method II, Methods of Analysis A.O.A.C., 1935, p. 167; (2) Same as (1) but
corrected for the SO. in the distillate as directed in Methods of Analysis, A.O.A.C.,
1935, p. 167, 25; (3) modified Peynaud procedure as given in the second report of
this Associate Referee, This Journal, 22,210 (1939). Caution: In this procedure some
wines foam quite badly so that a sufficiently large distillation trap is necessary to
avoid entrainment of fixed acids and frothing over.

TABLE l.-Description of wine samples prepared

SAJIPLlIl A B C

Description Dry Sauterne Dry red Blended wine, to 16 liters
type of which was added 40 g.

of 85% lactic acid, 10 g.
of glacial acetic acid, and
10 g. of KoS.O,.

Total acidity, grams tar- 0.69 0.81 0.93
taric/100 mi.

Lactic acid, grams/100 ml. 0.22* 0.20 0.51
Volatile acid, grams 0.057* 0.181 0.198

acetic/100 ml.
Lactic acid in distillate, 0.037* 0.038 0.039-0.050

grams/100 mi.

* Analyses by L. A. HohI.

The results obtained are summarized in Table 2. It is evident that there
was less divergence in the results obtained for Sample A, which was low
in volatile acidity even though it contained some sulfur dioxide. The more
sour wine, Sample B, gave more difficulty, although the results for col
laborators in a given laboratory agree fairly well. Much more difficulty
was experienced with Sample C, in which the combined high lactic acid
content and the high sulfur dioxide content resulted in more erratic re
sults between workers in a given laboratory and also between workers in
different laboratories. Part of the difficulty is due largely to the effect of
conditions of distillation and titration on the sulfur dioxide coming over.
As shown in Table 3 there is considerable variation in the sulfur dioxide
corrections, this variation being greater in the wines containing more sul
fur dioxide. Thus for Sample A the spread was 0.006-0.023, for Sample B
0.001-0012, and for Sample C 0.015-0.045. Part of this difficulty is due to
oxidation of sulfur dioxide, in the distillate, particularly after neutraliza
tion. Thus the iodine titration on distillates in ml. of 0.1 N sodium hy
droxide per 10 m!. of wine was found to vary, depending on promptness
of addition of the sulfuric acid (1 +3) as follows: A, 0.15-0.20; B, 0.08
0.09; and C, 0.48-0.60. The higher figure is for un-neutralized distillate.
However, if the distillate is quickly acidified after neutralization, the io-
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dine titer agrees with that obtained on the un-neutralized to better than
± 0.03 m!. In this way it is not necessary to run a duplicate distillation for
the sulfur dioxide correction.

The results obtained by the modified Peynaud procedure are generally
more consistent than those obtained by other procedures. The average
values are somewhat lower than those obtained by Method II. This was
not found to be due to a difference in the lactic acid distilled over since
L. A. Hohl obtained essentially the same results for both the distillates
from the barium-treated and the barium-untreated wine. The extent of

TABLE 3.-S0. corrections in distillate (grams oj acetic per 100 ml.)

WINJl

COLLABORATOR .. B C

G. F. Beyer 0.013 0.004 0.023
A. C. Blaisdell 0.018 0.012 0.030
L. Burritt 0.014 0.005 0.038
H. de Bussieres 0.009 0.004 0.015
C. T. Carson 0.007 0.004 0.026
H. B. Dixon 0.011 0.006 0.030
V. de F. Henriques 0.009 0.010 0.025
M. A. Joslyn 0.009 0.006 0.030
S. Laufer 0.006 0.005 0.020
H. B. Madsen 0.015 0.007 0.032
J. B. Robb 0.012 0.006 0.034
T. M. Scott 0.016 0.001 0.045
S. R. Snider 0.011 0.003 0.017
T. E. Twining 0.008 0.007 0.020
P. Valaer* -0.002 0.005 0.018
J. B. Wetmore 0.023 0.012 0.043

* Reported earlier a correction of 1.1 mI. of 0.02 N iodine, or 0.013.

neutralization of the wine and the time the neutralized wine is allowed to
stand have a large effect on the Peynaud procedure for wines of high sulfur
dioxide content. Thus Hohl obtained a volatile acidity of 0.187 on Sample
C, but on repetition after allowing the neutralized wine to stand longer she
obtained 0.154, in agreement with 0.155 obtained by the Associate Ref
eree. The latter modified the suggested procedure in two respects; first
he omitted removal of carbon dioxide, which is considered to be unneces
sary to this procedure, and second he increased the time of standing to 30
minutes. Some difficulty was had with neutralization of the red wine
(Samples B and C) because of the masking of the end point by the antho
cyanin pigments present. The Associate Referee merely added enough
barium hydroxide to change the pigments from light red to a definite dark
bluish purple. An external indicator changing at pH 8 may be used also,
since the solution must be slightly alkaline rather than neutral in order to
decompose bound sulfites.



1940] JOSLYN: REPORT ON VOLATILE ACIDS IN WINE 187

Several of the collaborators made additional experiments. They com
ment as follows:

C. T. Carson.-The distillations were carried out in a Hortvet-type apparatus
equipped with standard taper ground-glass joints. It is noted that there is better
agreement in the figures for Samples A and B than for Sample C, a blended wine
with added SO" and acetic and lactic acid.

H. B. Dixon.-Sample A required 80 ml. of distillate for Method I, while
Samples Band C required 120 ml. for the same method. These quantities of dis
tillate for the respective samples were used for Methods I! and II!.

The initial distillate from Sample C with Methods I and I! produced a strong
odor of SO., which indicates the need of a closed system for absorption with this
type of samples. Method III should be more specific concerning the end point
upon the addition of Ba(OHh for the colored wines. No caution against frothing
was necessary with the use of a large Sellier tube (100 ml. capacity) and a large
modified Kjeldahl trap.

V. de F. Henriques.-We use a 10 ml. sample in the Sellier tube and do not
necessarily use boiled water. The wine is not free from CO. either by precipitation
or vacuumization or any other treatment, not even if it still is fermenting wildly.
We do not ordinarily use paraffin or oil or tannin or anything else to cut down
foaming. Distillation usually requires 12-18 minutes and during this time 100 ml.
of distilla~e is collected. This is brou/l;ht to a boil and boiled 30-90 seconds, and is
then titrated hot with 0.1 N NaOH, phenolphthalein being used. The receiving flask
is then covered with an inverted 50 ml. beaker and is cooled under running water in
the sink so that it will give a starch end point. The distillate is then acidified with 2
or 3 drops of H.S04 (1 +3), starch is added, and it is then titrated with 0.02 N
iodine. The eq,uivalent iodine is subtracted from the alkali and volatile is calculated.

I believe that a correction must be made for SO•. I q,uestion (without actually
knowing) whether vacuumization is very effective in the removal of CO•. I believe
that CO. must be removed. Peynaud's method checks our method and checks itself.
It also checks our standard procedure (which we have checked with you on previous
collaborative analyses) more closely than the other methods, at least in the range
of high volatile acids. Hpwever, there is still much work to be done.

S. Laufer.-The work was carried out by one of our chemists, Leonard Saletan.
He followed the methods exactly as specified. Considerable foaming was experienced
with Method III. Owing to the fact that we did not have available a larger foam
trap, the results obtained on Sample C by this method are not satisfactory.

H. S. Moosen.-Although in theory the use of Ba(OHh should remove SO.
effectively, the distillates from each distillation were titrated with iodine solution
under the conditions of the official method and it was found that SO., or other sub
stances capable of reducing iodine, were present. Assuming that SO. was present
and calculating in terms of acetic acid, the following results were obtained: Samples
A and B, .005 and Sample C, .018.

If these amounts were to be subtracted from the total volatile acidity, obtained
by Method II, in each case the results would be as follows: Sample A, .045; Sample
B, .182; and Sample C, .175.

Little trouble was experienced in the distillation in Method I! if sufficient water
was provided in the outer flask. The proper quantity was found to approximate 250
ml. With the apparatus used in this laboratory, approximately 15 minutes was re
q uired to distil 100 ml.

This laboratory uses, as a sorting method in routine wine analyses, essentially
the same method as that described under Method 5 in This Journal, 22,217 (1939),
except that the water in the outer flask is heated until boiling freely and the wine
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in the inner tube is at its boiling point before the apparatus is connected with the
trap and condenser. The results by this method, corrected for SO., are as follows:
Sample A, .045; Sample B, .192; and Sample C, .192.

T. M. Scott.-Modified Peynaud method used. At the time of the first analysis
I had no Ba(OH). and made up some from BaCh and NaOH. Being in doubt as
to the correctness of the results I re-ran them, using C.P. Ba(OH). in the procedure.
The following are the results: Sample A, .048 grams; Sample B, .180 grams; and
Sample C, .175 grams acetic acidjlOO ml. Only Sample C varies any appreciable
amount from the original results and it differs hardly more than the experimental
error.

S. R. Snider.-A large size Sellier tube (100 ml. capacity) was used instead of the
small tube generally advertized by glassware manufacturers. A modified Kjeldahl
trap, similar to trap 8-63545, 1937 Sargent and Co. catalogue, was used instead of
the trap furnished with the Sellier assembly. It is suggested that distilling in a closed
system that has been freed from CO2 might permit more accurate estimations and
better checks between replicate determinations. It seems that the design of the
apparatus might be improved to facilitate handling, for instance the use of ball
and socket ground-glass connections at the junction of the trap and the Sellier tube
that could be easily disconnected when the distillation is completed. No particular
caution against frothing was necessary for the three samples analyzed when the
modified Kjeldahl trap was used.

P. Valaer.-With Method I there is a very close agreement; with Method II,
which involves the use of iodine, it would seem that our interpretation of the
method is different from that of the other collaborators.

Two collaborators ran the SO. on 50 ml. of the white wine before they realized
it should first be steam distilled, then there was a question of using Na2CO•. Some
used the distillate from 10 ml. but used all of .5 gra~ of Na2CO. and 5 ml. of H 2S04
(1 +3). Others believed that if 10 ml. only were steam distilled in a Sellier, then
proportionate quantities of Na2CO. and dilute H 2S04 should be used; that is, 0.1
gram of Na2CO. and 1 ml. of H.S04. Others were of the opinion that distillate should
be neutralized and then titrated with 0.02 N iodine without any Na.CO. and acid.

Owing to the trouble with this method and lack of explicit details, the iodine
method is ranking a poor third.

With Method III (modified Peynaud procedure) we had some disagreements but
not so many as with Method II. It was easy to neutralize Sample A by this third
method with (BaOH)., but the neutralization end point of Band C was difficult,
possibly owing to over-neutralization and because of the 20 ml. aliquot used for
steam distillation there may have been enough material carried over by foaming
and mechanically to give a few differences in titration.

It would seem that Method I is not satisfactory in the presence of SO., while
Method II is difficult to check, consumes more time, and is not reliable. Method
III (Peynaud) seems to be the most satisfactory one provided the results indicate
the true value of the volatile acids in the samples.

RECOMMENDATIONS'

In view of the results obtained this year and those previously reported
it is recommended:

(1) That the modified Peynaud procedure be adopted as tentative
pending further investigation. The directions will be given in the 1940
edition of Methods of Analysis, A.O.A.C., to issue about July 1st.

1 For report of Subcommittee D and action by the Association, see Thio Journal, 23, 69 (1940).
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(2) That the effect of lactic acid on the volatile acidity of wines be
reinvestigated for the various types of apparatus now in use.

(3) That in Method II, p. 167 of Methods of Analysis, A.O.A.C., 1935,
the parenthetical phrase "(Preferred for wines containing an abnormal
quantity of acetic acid)" be stricken out, and that the method be revised
(see 1940 edition).

(4) That section 25, page 167, be revised (see 1940 edition).

REPORT ON SULFUR DIOXIDE IN BEER AND WINE

By L. V. TAYLOR, Jr. (American Can Company,
Research Dept., Maywood, Ill.), Associate Referee

The study of sulfur dioxide methods for alcoholic and carbonated bev
erages during the current year was confined to ale and beer.

A previous paper by the Associate Referee, et al., This Journal, 20,610
(1937), showed the A.O.A.C. tentative method, Methods of Analysis,
A.O.A.C., 1935, 152, for sulfur dioxide in beer and ale to be unreliable as
a routine procedure, and that accurate and reprod,ucible results could be
obtained by the Monier-Williams sulfur dioxide method, Ibid., 440,
either by the gravimetric or volumetric technic.

An attempt made in 1938 to corroborate the above findings by col
laborative studies, was unsuccessful, because of difficulties encountered in
preparing and distributing collaborative samples containing a uniform
sulfur dioxide concentration. No way was found to eliminate these diffi
culties prior to the 1939 studies. Consequently, samples having sulfur di
oxide contents of the same order of magnitude were supplied to each col
laborator this year, but no attempt was made to ascertain that each
collaborative sample contained exactly the same quantity of sulfur di
oxide. Each collaborator was instructed to make simultaneous duplicate
detenninations by each method on the composite samples of beer and ale
received. This procedure permitted the evaluation of the merits of the
A.O.A.C. and Monier-Williams methods, as shown by the results of the
individual collaborators in applying the methods to the sample of beer
submitted to each.

This Laboratory and three of the collaborators submitted results. They
are recorded in Table 1. It will be noted that all the results except one set
obtained by the Monier-Williams gravimetric and volumetric technics
are in close agreement for the same deterInination. Occasionally difficul
ties have been met in the volumetric technic owing to acid carry-overs
during distillation and lack of uniformity in reading end points. Conse
quently, the more time-consuming gravimetric method appears to be
slightly preferable to the volumetric procedure for this work.

A comparison of the results obtained by the tentative A.O.A.C. method
for beer with the values obtained simultaneously with the Monier-Wil-
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Iiams method (Column 3 as opposed to Columns 1 and 2 for specific de-
termination numbers) shows, in general, that the results by the steam

TABLE I.-SO. in beer and ale

KETHOD

COLLABORATOR DETEBMINATION )lONIER-WILLlAMS METHOD A..O.A..C.

NO. STEA.J( DISTILLATION

VOL. GBA.V. KETROD

KG./LITER Ma./LITER Ma./LITER

(1) (2) (3)

Beer
1 1 35 35 31

2 39 40 34
3 40 40 31
4 41 41 25

2 1 37 37 29*
2 37 37 35*

3 1 30 43 31
2 31 45 36

4 1 42 43 42
2 42 42 32
3 43 43 39
4 42 41 29
5 39 39 29*
6 38 39 31*

Ale
1 1 21 22 17

2 20 22 13

2 1 19 19 20*
2 19 19 16*

3 1 21 26 23
2 19 26 21

4 1 25 25 18
2 25 25 14
3 25 24 13
4 25 25 15
5 19 18 17*
6 20 20 18*

* Results obtained by using J. B. Thompson's suggestion referred to in text.

distillation method are low and quite variable. In addition, most col-
laborators, in both the 1938 and 1939 studies, reported difficulties with
the steam distillation method due to foaming of the sample during analy-
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sis. J. B. Thompson reported that this objection could be overcome to a
great extent by substituting a 2 liter flask equipped with a Kjeldahl nitro
gen trap for the 1 liter flask suggested in the procedure. This was cor
roborated by tests conducted by C. G. Ryberg, but, as indicated in the
tables, it did not entirely overcome the frequent poor recoveries.

On the basis of the collaborative work described here, which confirms
the work of Taylor, et al. (1), the Associate Referee recommends l that the
tentative A.O.A.C. method for the determination of sulfur dioxide in malt
beverages be deleted, and that the method suggested be made official
(first action) and inserted in its place (see 1940 edition of Methods of
Analysis, A.O.A.C., to issue about July 1st).

In the 1935 edition of Methods of Analysis, Chapter XV, Wines, makes
no provision for the determination of sulfur dioxide except by a reference
to a method under the title "Total Acidity-Exclusive of S02", 25, p.
167. In this instance the analyst is referred to the method bearing the
title "Free Sulfurous Acid-Official" (XXXII, 33, p. 441), with an indi
cation that the method is especially adapted to wine. This procedure
bears no reference to indicate that the method has been studied collabor
atively. In addition, this method, sometimes referred to as the Ripper
method, is said by Leach2to be suitable for white wines and was shown by
Taylor, et al. (loc. cit.) to be unsuitable when applied as a routine proce
dure to all types of wines.

The Associate Referee therefore suggests that a tentative procedure for
the detennination of sulfur dioxide in wines be inserted in the forthcOIning
5th edition of Methods of Analysis in the chapter on wines. In addition,
it is suggested that the notation, "Especially adapted to wines," be de
leted from the method referred to above (XXXII, 33, p. 441).

On the basis of experience in the determination of sulfur dioxide in
wine, and because of the lack of collaborative studies on methods for this
product, the Associate Referee also suggests that the procedure submit
ted be included in the chapter on wi,nes in the forthcoming edition of
Methods of Analysis and that further collaborative studies be conducted
on this determination.

Acknowledgment is made to the following collaborators:
R. A. Osborn, U. S. Food and Drug Adm., Washington, D. C.
J. B. Thompson, State Laboratories, Bismarck, N. Dak.
P. P. Gray, Wallerstein Laboratories, New York City.
C. G. Ryberg, American Can Company, Maywood, Ill.

1 For report of Subcommittee D and a.ction by the Association. see This Journal, 23, 69 (1940).
• Food Inspection and Analysis, 4th ed., p. 898.
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REPORT ON VOLATILE ACIDS IN DISTILLED SPIRITS

By G. F. BEYER (Alcohol Tax Unit, Bureau of
Internal Revenue, Washington, D. C.),

Associate Referee

It has been recognized for a long time that the methods used in deter
mining total, volatile and fixed acids in whisky and other distilled spirits
are unsatisfactory. It is difficult to obtain a good end point and the dis
tillation of the volatile acids is either time-consuming or requires exten
sive and special apparatus. Therefore, the following methods and two
samples of whisky were sent to 19 laboratories for collaborative study
and comment.

(a) Total Acids.-Neutralize about 250 ml. of boiled distilled water in a porcelain
evaporating dish (a 7! inch dish was found to be convenient). Add 25.0 ml. of the
sample to be tested and titrate with 0.1 N NaOH.

(b) Fixed Acids.-Evaporate 25-50 ml. of the sample to dryness in a platinum
dish on a steam bath and dry for 1 hour in a constant temperature oven at 100° C.
Dissolve and transfer the residue with several portions of neutralized alcohol of
about the same proof as the sample, using 25-50 ml. in all, to the porcelain dish con
taining about 250 ml. of neutralized, boiled water. Titrate with 0.1 N NaOH, using
a 10.0 ml. buret graduated in 0.05 ml.

(c) Volatile Acids.-Volatile acids = total-fixed acids.

The results obtained are quite consistent-considerably more so than
when the present A.O.A.C. method, Methods of Analysis, A.a.A.C., 1935,
170, is used. No mention was made of the indicator, as it was taken for
granted that phenolphthalein would be used, since this is the indicator
specified in the A.O.A.C. method. However, where any inconsistencies in
the results occurred it is quite probable that this was the cause, as varying
quantities of the indicator were used. The method should have called for
1.5 m!. of a 1 per cent solution of phenolphthalein. The same quantity of
indicator should be used in titrating the fixed acids as well as total acids.

Several collaborators stated that they had difficulty in obtaining a sat
isfactory end point, while others said that the end point could be seen
much more easily than when the present A.O.A.C. method is used. Some
offered no comments whatever, while quite a number stated that the
proposed methods were a decided improvement.

Further observations relative to the work on whisky show that in a
large number of analyses the use of the modified Sellier tube consistently
produced slightly lower results than did the proposed method. Another
series of determinations was run on a standard sample made by evapo
rating a definite quantity of whisky to dryness and heating the residue for
an hour at 100° C. in a constant temperature oven, dissolving the residue
in neutral alcohol of the same proof as the whisky, adding a definite
quantity of acetic acid, and making the solution to the original volume.
Another sample was made in the same manner except that a definite
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quantity of lactic acid was also added. A number of determinations of
these samples show definitely that all the acetic acid is recovered or re-

Results of analyses for total, volatile, and fixed acids in whisky by
various collaborators

8AJ<PLl1l 1 SA.!lPLlII2

COLLABORATOR LABORATORY
ACIDS AS ACJlTIC ACIDS A.S ACBTIC

TOTAL VOL.6.TILJI FIXED TOTAL VOLA.TILB FIDlD

fI./lOO liter. fI./I00 liter.
O. B. Mahaffie Pittsburgh, Pa. 52.4 43.1 9.4 62.4 51.2 11.2
G. W. Romig New York, N. Y. 54.5 42.5 12.0* 66.5 51.5 15.0*
L. Burritt Washington, D.C. 50.4 40.8 9.6 61.2 49.2 12.0

50.4 40.8 9.6 61.2 49.2 12.0
G. F. Beyer Washington, D.C. 51.6 42.0 9.6 61.7 48.7 13.0
P. Valaer Washington, D.C. 50.4 40.8 9.6 60.0 48.0 12.0

50.4 40.8 9.6 60.0 48.0 12.0
50.4 40.8 9.6 61.2 47.5 13.7

E. J. Nealon Detroit, Mich. 51.4 41.5 9.8 61.2 49.0 12.2
J. W. Fonner Chicago, TIL 49.2 40.4 8.8 58.5 47.1 11.4
G. D. Williams St. Paul, Minn. 48.4 41.1 7.3 59.5 49.3 10.2
L. E. Dale Kansas City, Mo. 50.2 43.7 6.5t 60.2 51.3 8.9

49.7 42.5 7.2 60.2 51.3 8.9
A. J. Mottern Philadelphia, Pa. 50.4 40.8 9.6 60.0 48.0 12.0

50.4 40.8 9.6 60.0 48.0 12.0
48.0 38.4 9.6

A. L. Morawski Boston, Mass. 51.1 41.1 10.0 61.2 49.1 12.1
C. T. Carson Baltimore, Md. 52.8 43.2 9.6 62.4 49.2 13.2
J. B. Robb Richmond, Va. 51.0 43.8 7.2 60.6 51.0 9.6
F. Smith Richmond, Va. 50.4 43.2 7.2 60.0 50.4 9.6

50.4 43.2 7.2 60.0 50.4 9.6
M. Rosenblatt New York, N.Y. 50.8 42.4 8.4 61.3 49.6 11.7

50.8 43.3 7.5 60.6 49.2 11.4
R. F. Love San Francisco, Calif. 52.2 43.0 9.0 61.8 49.8 12.0
A. Herman Louisville, Ky. 55.4 47.3 8.1 65.9 55.4 10.5

55.1 47.7 7.4 64.2 53.2 11.0
49.5 42.0 7.5 61.2 55.5 5.7t

61.2 55.5 5.7t
G. E. Mallory Los Angeles, Calif. 50.4 39.6 10.8 61.2 48.0 13.2
S. W. Holman Atlanta, Ga. 63.0* 53.0* 9.4 61.2 51.0 10.2

48.4 41.1 7.3
J. W. Quillen Baltimore, Md. 51.8 42.8 9.0 60.6 47.4 12.0
J. B. Wilson Washington, D.C. 52.6 40.2 12.4 64.3 55.7 8.6
M. A. Joselyn Berkeley, Calif. 52.4 43.1 9.33 60.1 48.2 11.95
C. S. Boruff Peoria, Ill. 50.9 42.4 8.48 63.02 52.72 10.30
H. Walker's Research Lab. 51.3 43.0 8.3 62.6 51.7 10.9
Average 51.3 42.4 8.8 61.2 50.0 11.2
Maximum 55.4 47.7 10.8 66.5 55.5 13.2
Minimum 47.5 39.6 7.2 58.5 47.1 9.6

• Omitted from maximum.
t Omitted from minimum.
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moved by the use of the Sellier tube and that none of the lactic acid
distils over.

In view of these experiments it is quite apparent that there is present
some acid, like lactic, that is not volatile with steam, but is volatile under
the conditions prescJ:ibed in the proposed method. Since the term "vola
tile acids" ascribed to whisky does not necessarily mean volatile by steam
distillation, the proposed method is considerably more simple than any
steam distillation process, and since the resid~e from the solids deter
mination for fixed acids may be used (which practically combines two
operations into one), it is the opinion of the Associate Referee that the
proposed methods offer considerable advantage over the present
methods.

In connection with the length of time that the residue should be heated,
several determinations were made by heating the solids from 15 minutes
to 3 hours. The results indicate that the loss from 15 minutes to one hour
was negligible, but that when the residue was heated 3 hours the loss was
appreciable, probably due to some decomposition of organic matter.
Therefore, the residue should not be heated over an hour, and preferably
only 30 minutes.

The methods presented by the associate referee were adopted as tenta
tive and will appear in the 1940 Edition of Methods of Analysis, A.O.A.C.,
to issue about July I, 1940.

REPORT ON ALDEHYDES IN WHISKY AND
OTHER POTABLE SPIRITS

By PETER VALAER (Alcohol Tax Unit, Bureau of Internal
Revenue, Washington, D. C.), Associate Referee

While the determination of aldehydes in whisky, rum, brandy, and
other potable spirits is not generally considered of the utmost importance,
it is often made when the quality or the identity of the spirits is in ques
tion and a complete analysis is required. Its presence in any unusual
quantity is not desirable because of the unpleasant taste it imparts to a
spirit. In This Journal, 22, 222 (1939), there were discussed the objections
to the present A.O.A.C. method and the need for a new one. The results
of analyses of three samples, whisky, rum, and brandy, by 14 collabora
tors were given. While these results were considered rather good, it was
decided to give the proposed method a more thorough test in 1939. To
each of 18 laboratories there were sent two 1 pint samples labeled "A.O.
A.C. Samples 1 and 2." With each pair of samples was sent a mimeo
graphed copy of the proposed method of analysis. Tabulated results of
the analyses accompany this report.

Comments on the method were requested, and some interesting and
valuable suggestions were obtained.
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Williams points out that the lengthy calculations are unnecessary, as
all that is required is the difference between the two thiosulfate titra
tions, i.e., for the sample and for the blank, as the values for the iodine and
the thiosulfate solutions are known or may readily be determined.

M. Rosenblatt states that hiFllaboratory "would be more than gratified
to see the method for aldehyde determination change from colorimetric to
titrometric. In the former method the preparation and maintenance of
standard aldehyde solution are never satisfactory, and the reproducibil
ity of results from laboratory to laboratory is not good. The new method
offers an absolute determination of aldehydes and depends on but one
standard solution, which can be easily checked against a reliable primary
standard. One preliminary test with this method indicated very good
check results."

Nealon commends the method. He suggests a more condensed method
of calculating the results of the aldehyde determination. A specimen is as
follows:

ml.
0.05 thiosulfate 1,lsed 8.40
0.05 thiosulfate blank 4.65

3.75
3.75 XO.OOll X2 = .00824 grams per 100 ml.

8.24 grams per 100 liters.

By this scheme it is only necessary to have an accurate factor for the
thiosulfate solution, which is standardized against the 0.05 N dichro
mate solution, and an approximate 0.05 N iodine and bisulfite solutioI;l.
This eliminates standardizing the iodine solution.

Romig found the method consistent. He experienced some bumping
during distillation and suggested glass beads be used. Fonner suggests
that the aldehydes be distilled slowly into a glass-stoppered flask in order
to avoid the possible loss of distillate in transferring from one container
to another. Morawski and Forbes, of the same laboratory, prefer the ti
tration method. Mottern feels that better checks can be obtained by this
method than by the present official one.

n was pointed out by Dale that there was some possibility of loss of
aldehydes during distillation. He suggests that the receiver be immersed
in a bath of ice-water during distillation as experiments indicate that more
aldehydes are found in the chilled distillates.

Mallory states that very good agreement was obtained between the
present A.O.A.C. method and the proposed method. He prefers the titra
tion method and thinks it should be more accurate. Beyer found by ex
periment that slightly more aldehydes were always obtained when the
reGeiver contained a portion of boiled distilled water. He also recom
mends the use of small pieces of carborundum to avoid any bumping
during distillation.
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Carson and Burham comment as follows:
Our distillations were carried out in a closed system equipped with standard

taper joints and mercury valves. It has been suggested that it might be advisable

Collaborative results on aldehydes in whisky with proposed method

g./l00 liUr. a. acetaldehllde

COLLABORATORS

O. B. Mahaffie
Geo. W. Romig
L. Burritt

Geo. F. Beyer

Peter Valaer

E. J. Nealon
John W. Fonner
G. D. Williams

Lloyd E. Dale

A. J. Mottern

A. L. Morawski
C. T. Carson
J. B. Robb

F. Smith

M. Rosenblatt

R. F. Love
A. Herman
G. E. Mallory
S. W. Holman

G. K. Hamill

A. Herman

J. W. Quillen
J. B. Wilson

Average
Maximum
Minimum
C. S. Boruff

M. A. Joslyn

LABORATORY

Pittsburgh, Pa.
New York, N.Y.
Washington, D.C.

Washington, D.C.

Washington, D.C.

Detroit, Mich.
Chicago, Ill.
St. Paul, Minn.

Kansas City, Mo.

Philadelphia, Pa.

Boston, Mass.
Baltimore, Md.
Richmond, Va.

Richmond, Va.

New York

San Francisco, Calif.
Louisville, Ky.
Los Angeles, Calif.
Atlanta, Ga.

Washington, D.C.

Louisville, Ky.

Baltimore, Md.
Washington, D.C.

Peoria, Ill.

Berkeley, Calif.

8AJ1PLl1l 1

6.64
7.22
6.60
6.60
6.60
6.80
6.80
6.00
6.16
5.79
7.03
7.81
7.81
7.41
7.50
6.25
6.66
6.53
7.92
5.72
6.07
7.05
6.61
6.40
7.00
7.20
7.48
6.10
7.92
6.82
7.33
6.70
6.90
8.01
7.30
6.60
5.51

6.81
8.01
5.72
8.75
8.50
8.10

8AJll'U 2

9.50
9.81
9.00
8.80
8.58
8.20
8.20
8.58
8.58
8.25
8.46

10.45
10.56
10.71
10.65
8.65
8.49
8.84

10.12
9.79
8.78
9.65
9.32
9.11
9.70
9.80
9.92
8.80
9.79
9.36

9.06
9.15

10.89
10.60
8.80
8.61

9.35
10.89
8.20

12.10
11.20
11.34
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to have the receiver held in a low temperature bath to avoid any loss of aldehyde.
However, without taking this precaution we have had no difficulty whatever in
obtaining perfect checks. We find the Ripper method to be much more satisfactory
from the standpoint of obtaining concordant figures, and it requires less manipula
tion than the present fuchsin-sulfite method, which has been a source of continual
annoyance to us in endeavoring to obtain comparative results between our dif
ferent laboratories on the same samples. We find that our sodium thiosulfate and
iodine reagents have remained quite stable over a period of several weeks.

Boruff comments as follows:
(1) The method proposed for the determination of aldehydes is definitely more

satisfactory than the method in current use.
(2) In working with the proposed method for aldehydes in this laboratory, a

considerable difference was observed in blank determinations made at intervals of
several hours. This was believed to be a consequence of an unstable bisulfite solution.
If this observation is accurate, it may be advisable to emphasize that blank de
terminations accompany each series of aldehyde determinations.

(3) The example given for the calculation of the aldehyde content of whisky
appears needlessly involved.

(4) Aldehyde determinations were made on a series of 10 straight whiskies by
the proposed method and by a modified colorimetric method. The results indicate
that the aldehyde values obtained by the proposed method are quite consistently
3.3 (range 2.8-3.9) grams per 100 liters lower than those obtained with the use of
the colorimetric method.

After careful consideration of the suggestions offered by the collabora
tors, the Associate Referee incorporated the following improvements in
the method.

(1) Provision for small pieces of carborundum to be used during the distillation
in order to avoid bumping.

(2) Immersion of the delivery tube in about 100 mi. of boiled distilled water
during the distillation of the aldehydes.

(3) Provision for a receiving flask made of ground-glass and stoppered so that
the transfer of the distillate is unnecessary.

The collaborators that obtained low and high results were requested
to give the details and conditions of their analyses. It was found that most
of the "lows" were obtained during the hot weather of July and August
and most of the "highs" were submitted by those working during cooler
fall weather and also by those using more elaborate precautions to trap
and retain all the aldehydes present in the sample during distillation.

Inasmuch as the results of this two-year collaboration are considered
good and have been endorsed by so many well-known and capable chem
ists, it is recommended! that this method be adopted as official, first ac
tion, but that the present A.O.A.C. method be retained. The method will
be published in Methods of Analysis, A.O.A.C., 1940, to issue about
July 1st.

1 For report of Submittee D and action by the A8IIooiation, see This Journal, 23,70 (1940).
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No report on detection of adulteration of distilled spirits was given by
the associate referee.

No report on wood alcohol in brandy was given by the associate referee.

REPORT ON CORDIALS AND LIQUEURS

By JOHN B. WILSON (U. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

As recommended in last year's report, further collaborative work was
done on the determination of benzaldehyde, volatile esters, and gamma
undecalactone. Imitation apricot and peach cordials, which may contain
all three of these constituents, were analyzed.

In each case about 650 grams of dried fruit was chopped finely and
macerated with 3 liters of dilute alcohol (1 + 1). After several days the
liquid was drained off through a large funnel containing a cotton plug. A
second extract was made by macerating the extracted fruit with 2 liters
of dilute alcohol (1 + 1) in the same manner, and this was added to the
first extract.

A sugar sirup was prepared by dissolving 5.9 kilograms of sucrose in
3.9 liters of water to make 7.6 liters of sirup. The sirup had a refractive
index of 1.4423, corresponding to 60.2 per cent sucrose, sp. gr. 200 /200

1.28991, and 77.65 grams of sucrose per 100 ml. Calculated from the
quantities used, 5.9 kilograms of sucrose added to 7.6 liters of sirup make
77.63 grams of sucrose per 100 ml. of sirup.

A solution of artificial flavor was then made from the following in
gredients:

Oil of cognac .
Amyl butyrate .
Peach aldehyde .
Benzaldehyde .
Alcohol .

Grams
3.15
5.74
6.26
3.16

~
2 liters

To determine the esters in the flavor solution, 50 m!. was added to
100 ml. of water in a 250 m!. flask and steam distilled. The distillate was
neutralized and saponified with standard alkali. The solution was found
to contain in 50 ml., 154.88 mg. of esters as ethyl acetate.

The cordials were then prepared from these ingredients in the propor
tions given in Table 1.

Last year's procedure was repeated. About 1 liter of each cordial was
submitted to seven collaborators with instructions to determine alcohol,
solids, benzaldehyde, esters, and gamma-undecalactone. The results of
the collaborators are given in Table 2.
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The Associate Referee was informed that decimal points were mis
placed in reporting last year's results for benzaldehyde by Burritt and
Valaer of the Bureau of Internal Revenue. These chemists now report
20.3 mg. and 18.1 mg. of benzaldehyde in the apricot cordial and 15.9
mg. and 13.2 mg. in the peach cordial, respectively.

TABLE I.-Ingredients used in making imitation apricot and peach cordials

Fruit extract
Sugar sirup
Artificial flavor solution
Alcohol

Total volume

APRICOT

liter.

5.0
4.0
0.7
0.3

10.0

PlII.lOB

liter.

4.9
3.5
1.0
0.6

10.0

In last year's report mention was made of the separation of thin films
of oily matter on the surfaces of the two stock bottles of cordials used for
analysis. These oily films were separated by transferring the remainder
of the cordials to large separatory funnels. After being allowed to settle
for some time, some of the underlying liquid was used to wash out the oily
matter that had clung to the large bottles. The clear liquid was drawn
off until only about 50 mI. remained, which quantity was extracted with
ether. The ether was allowed to evaporate, the remaining oil was dis
solved in alcohol and made to 100 mI., and esters were determined by
steam distillation upon a 25 mI. aliquot. The results are given in Table 3.

TABLE 3.-Volatile esters from cordials (1938 report)
BSTBRS .&.8 BTHYL ACETA.TlII

APRICOT PIIACB

From entire sample (14 liters)
(Undissolved)

From 100 ml. sample (calc.)
(Undissolved)

Present 1938 report
Present 1938 samples corrected

1IlII·

335

2.4

31.1
28.7

1IlII.

434

3.1

38.8
35.7

The corrected values for esters in the cordials reported in 1938 bring
the majority of determinations of collaborators within the limit of experi
mental error. The ester values reported this year are of about the same
degree of accuracy as those submitted in 1938.

Except for two collaborators, who seem to have sustained a loss of
benzaldehyde in both samples, the results for benzaldehyde and the
averages (11.2 and 15.6) are nearer the calculated quantities than were
the results in 1938, indicating improvement with increased familiarity
with the method.

Results for gamma undecalactone show definitely that the method is
suitable as a qualitative test, but that it cannot be depended upon for
quantitative data in its present form.
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The agreement obtained in the alcohol and solids determinations indi
cates that these procedures are worthy of official recognition.

RECOMMENDATIONSl

It is recommended-
(1) That the method for benzaldehyde in cordials, Methods of Analysis,

A.O.A.C., 1935, p. 183, 60-61, be adopted as official (first action).
(2) That the method for volatile esters in cordials, p. 181, 57, be

adopted as official (first action).
(3) That the method for gamma-undecalactone (qualitative), p. 181,

47, be adopted as official (first action).
(4) That the method for total solids, (c) From the refractive index of

the dealcoholized sample, p. 180, 41(c), be adopted as official (first action).
(5) That the method for specific gravity, p. 180, 35, be adopted as

official.
(6) That the method for alcohol, p. 180, 36, be adopted as official (first

action).
(7) That the method for glycerol, p. 180, 38, be adopted as official

(first action).

REPORT ON SOILS AND LIMING MATERIALS

By W. H. MAcINTmE (University of Tennessee, Agricultural
Experiment Station, Knoxville, Tenn.), Referee

Corrections and clarifications, and deletion of obsolete procedures and
unnecessary duplications for Chapter I, in the forthcoming fifth revision
of Methods of Analysis, A.O.A.C., are provided by the following recom
mendations. 1 To facilitate consideration by the Committee, reasons for
the several recommendations will be stated parenthetically.

2. PREPARATION OF SAMPLE

Substitute in (a) either "crush" or "disintegrate" for "reduce," in line 1. ("Re
duce" connotes a chemical transition.)

Substitute "0.5 mm." for "1 mm.," line 3. (The change is prompted to bring con
formity with general usage.)

3. MOISTURE

Substitute "Place 2 g of the prepared soil, 2(a), in a wide-mouthed weighing bottle
and heat at 105° in an electric oven for 5 hours." (This obviates effect of variation
in altitude. An electric oven of the Freas type is available in practically every
laboratory.)

Delete "taken," last word of line 3.

4. LOSS ON IGNITION

Delete "or suitable substitute," line 1. (It is being prescribed that the ignited
charge and platinum crucible be used for the fusion directed under Section 14.)

Delete "If soil contains appreciable quantities of carbonates.... NH. salts,"

1 For report of Subcommittee D and aotion by the Assooiation, see This Journal, 23, 70 (1940).
1 For report of Subcommittee A and action by the Assooiation, see This Journal, 23, 52 (1940).
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following the word "destroyed," line 2, and make the subsequent reading, "Cool in
desiccator, weigh, and report percentage loss in weight as 'loss on ignition'." (The
several reasons for this change are apparent.)

7. GRAVIMETRIC METHOD

Substitute "anhydrone" for "CaCh" at end of first sentence. (This is in harmony
with general practice.)

Insert "with provision for condensation," following "suspension" in the footnote.
(The experienced analyst would anticipate this need, but the student analyst prob
ably would not.)

ORGANIC MATTER
10 '" 11. Wet Oxidation Method

Delete this alternative. (It is unnecessary and uncertain in spite of many attempts
to perfect the procedure for attainment of absolute results.)

13. KjeldahI Method

Delete. (This method has been practically obsolete in soil chemistry laboratories
for a number of years.)

14. SODIUM CARBONATE FUSION
MetkodI

Insert, "Mix residue from 4, ground to 100-mesh, with 10 g of Na2CO. in 30 mI.
Pt. crucible. Cover crucible and heat at low redness until fusion begins; increase
heat to a clear, quiet fusion, then give full heat of Meker burner 20 minutes with
flame oblique. Cool the melt, place in 250 mI. porcelain evaporating dish, add water,
and digest to disintegration on water bath. Cover dish, add 50 mI. of HCI, digest
15 minutes, and wash. Evaporate to dryness and bake for 2 hours at 110° C., or sub
stitute HCIO. for HCI and thereby obviate baking." (This change is advantageous
and time saving.)

15. Method II

Delete. (This alternative produces an unwieldly bulk of silica. The charge requi
site for the alternative procedure, 27, is unnecessarily large and its solution gives an
undue concentration of NaCI. The larger charge prescribed under Section 27 is
essential, however, for "sulfur," which usually occurs in relatively small quantities
in soils.)

16. Sll.ICA

Delete "at 20° C.," line 8. (Reason for this is self-evident.)
Insert "with hot H 20 containing 5 mI. of HCl per liter," following "wash," line

6. (This stipulation is merely a repetition of the previously prescribed essential,
which is equally essential at this point.)

17. OXIDES OF IRON, ALUMINUM, MANGANESE, PHOSPHORUS, AND TITANIUM

Insert in lieu of first two paragraphs the following:
To 250 mI. aliquot of 16, add 10 mI. of concentrated HCI and few drops of methyl

red indicator; heat to gentle boiling, add NH.OH (1 +1) until precipitate forms
and color of solution changes to a distinct yellow. Boil no longer than 2 minutes and
filter rapidly. Wash the precipitate 6--8 times with hot 2 % NH.NO. solution. Return
precipitate and filter to original beaker, add 10 mI. of concentrated HCI; macerate
filter by policeman, dilute with water, and heat to dissolve the precipitate; dilute to
about 200 mI. and re-precipitate as before. Wash thoroughly with hot NH.NO.
solution until free of chlorides. Combine the first and second filtrates and save for
Ca and Mg determinations.

Place precipitate in Pt crucible; dry and ignite over low flame of Bunsen burner
until carbon has been oxidized. Heat to bright red for 10 minutes. Cool in desiccator
and weigh in covered crucible as F 20., AhO., P20l; and Ti02.
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(This section has been the subject of considerable study and the directions are
brought into conformity with the usage developed at the Bureau of Standards. The
modified reading takes cognizance of the fact that the use of ammonium persulfate
may result in the precipitation of calcium sulfate in the extracts of soils of appreciable
calcium content. It is prescribed that 250 ml. aliquots be used. This will admit of
duplicate determinations, but smaller aliquots would not give precipitates sufficient
fOT the determination of Ca and Mg in some soils.)

Delete the last two paragraphs, beginning respectively with, "or, in lieu of ... ,"
and "evaporate 50--100 cc...." (The reason for this is apparent.)

18. CALCIUM

Modify third sentence to read, "Dissolve any precipitate remaining on filter by
washing with hot HCI (1 +9) into beaker containing main portion of decanted
precipitate and then re-precipitate, boiling hot, etc."

(c) A mend, to read, "Perforate apex of cone; wash Ca oxalate precipitate into
beaker used for precipitation; and then wash filter with hot H 2SO. (1 +4) and titrate
hot (85-90°) with 0.1 N KMnO•."

19. MAGNESIUM
MetlwdI

Delete. (This method is ideal when the solution to be metathesized is not heavily
impregnated with non-volatile salts; but metathesis of the ammonium salts is not
effected so well when considerable quantities of NaCI are also present. The present
method of double precipitation is the one used most extensively and is prescribed
by authoritative texts in dealing with solutions carrying considerable quantities of
non-volatile solutes.)

20. Method II

REAGENT

Delete "and" between the words "cool" and "dilute," and insert phrase "and
introduce 5 ml. of CHCla," following the present final word "liter." (This stipulation
is made to preclude growth of mold in the reagent.)

21. DETERMINATION

Insert "2 ml. of Mil citric aCid," following the word "add," in the first line.
(This is an obvious and accepted provision to retain in solution any Fe and Al that
may have escaped previous precipitation, or that may have been introduced through
reagents.)

Insert concluding sentence, "Correct weight of the Mg2P 20 7 for occluded
Mn2P 20 7," as directed in XXXVII, 75. (This assurance against the recognized possi
bility of contamination through occlusions of manganese by heavy precipitates of
Fe and AI, and also by reagents, is in harmony with the stipulation already "Of
ficial.")

22. MANGANESE
MetlwdI

Insert, "Treat 1 g. of 100-mesh soil with 5 ml. of HF and 5 ml. of H 2SO. (1 +1);
evaporate and heat gently to dryness. Repeat addition of HF until all silicates are
decomposed, etc." (A preliminary incineration of the soil at approximately 550° C.
is adequate, and there is no necessity for ignition and fusion of the residue with
KHSO•.)

23 '" 24. Method II

Delete 23 and 24. (The alternative method is more tedious and is not generally
used.)



204 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXIII, No.2

NEW METHODS

The new methods submitted by the referee were adopted as tentative.
They will be published in Methods of Analysis, A.O.A.C., 1940, to issue
about July 1, 1940.

REPORT ON H-ION CONCENTRATION OF SOILS OF
ARID AND SEMI-ARID REGIONS

By W. T. MCGEORGE (Agricultural Experiment Station,
Tucson, Ariz.), Associate Referee

The work of the former Associate Referee on H-ion Concentration of
Alkaline Soils, This Journal, 19,256 (1936), showed that both the quin
hydrone and antimony electrodes were unreliable for soils in this group.
Previous investigations by the present Associate Referee, Ibid., 21, 246
(1938), showed that in alkaline soils there is a great increase in pH with
increase in soil-water ratio. This is due to a hydrolysis of the potentially
alkaline salts and minerals in the soil. The pH values thus obtained do
not represent the pH of the soil under field conditions. In fact they repre
sent conditions rarely if ever met in the field, and pH determinations
on soils should be made at field moisture content when possible.

Since the hydrogen electrode is not suited to pH determinations at low
soil-moisture contents a study of the glass electrode was made. This study
has shown that it is well adapted to pH determinations at low moisture
contents. On the basis of this investigation the following method is
recommended1 for the pH determination of alkaline soils.

METHOD
Weigh 20-25 grams of soil into a 50 ml. beaker and add boiled distilled water

until the soil is soft enough to permit the ready penetration of the electrodes. (This
moisture content is slightly above the moisture equivalent and well below the
water-holding capacity of the soil. The mass may be stirred with a glass rod if
desired to produce uniformity.) Gently tap the beaker and contents on the table top,
press the glass electrode and its companion calomel electrode into the soil, and make
the pH reading. Make several readings on each sample by withdrawing the elec
trodes and pressing them again into the soil mass. The first readinl!: is often in error
because equilibrium is not always attained by the first contact between the elec
trodes and the soil mass.

In collaboration with W. P. Martin, Associate Referee McGeorge also
presents the following report.

1 For report of Subcommittee A and action by the Aeaooiation, eee Thi. Journal, 23, 113 (1940).
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pH DETERMINATION OF ALKALI SOILS
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By W. T. MCGEORGE and W. P. MARTIN (Agricultural
Experiment Station, Tucson, Ariz.)

With the development of knowledge of the chemical properties of alkali
soils and improvement in equipment and methods for determining
hydroxyl-ion concentration, a need for standardization of methods used
by soil laboratories interested in these soils has arisen. Such a standard
ization is imperative if comparisons are to be made among the several
states where alkali soils prevail. The introduction of the glass electrode
nas done more to make this possible than any previous development in
soil technology. A report of a former associate referee, P. L. Hibbard,
This Journal, 20, 256 (1935), has shown that the antimony electrode is
not dependable. Also general experience has proved that the quin
hydrone electrode will not give accurate results on alkali soils and that
the hydrogen electrode is dependable only when certain essential pre
cautions are taken. The glass electrode is dependable under practically
all alkaline conditions and therefore the studies presented in this report
were made with it. ,

In December 1936, the following questionnaire was sent to seven of
the Western states:

1. H electrode or glass electrode? _
2. What soil-water ratio? _
3. CO.-free distilled water? _
4. Air-dry or fresh soil? _
5. How long does soil-water mixture stand before determination? _
6. Are you satisfied with present method? _
7. What interpretation do you make of pH value? _
8. Do you consider the pH value as determined is in any wayan indication of

the pH value of the soii in the field? _

Six answers to the questionnaire were received. They are summarized
as follows:

1. Four laboratories were using the glass electrode and two the hydrogen elec
trode.

2. Five laboratories were using a 1: 5 soil-water ratio and 1 laboratory a 1: 10
ratio.

3. Four laboratories were using carbon dioxide-free distilled water and two
laboratories regular distilled water.

4. Three laboratories were using air-dry soil, two were using fresh soil, and one
used either.

5. All laboratories were allowing the soil-water mixture to stand for different
periods of time; namely, 12-18 hours, 21 hours, 30 minutes, 15 minutes, 45
minutes and 1 hour.

6. Two laboratories expressed themselves as satisfied with their present method
while four were only fairly well satisfied.

7. Varied interpretations of the pH determination were being made: (a) It aids
in diagnosing the condition of the soil; (b) can predict general nature of soil
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solution; (c) in doubt about the interpretation of pH data; (d) depends upon
the nature of the investigation; and (e) used to measure degree of alkalinity.

8. The answers to this question varied as follows: (a) A fair approximation
adequate for the type of soil examination being conducted; (b) yes, it checks
usually within .2-.3 pH; (c) it certainly gives some indication concerning
the pH value of the soil in the field, but it is not regarded as being highly
exact; (d) yes; and (e) yes, rougWy.

It is quite evident from the answers to this questionnaire that among
these few states there is considerable variation in all phases of the pro
cedure as well as in the interpretations deemed permissible.

At the 1938 meeting of the Western Society of Soil Science, a resolution
was passed suggesting a study of the pH determination of alkali soils. As
chairman of the committee that was appointed by this group, it has been
possible for the Associate Referee to obtain the cooperation of most of
the Western States, and therefore to make the rather extensive coopera
tive study that has been conducted during the past year.

Ten soils from widely separated sections of the West were collected.
Their description and location are as follows:

Total soluble
salts (p.p.m.)

255
250
265

3,080
14,750

Moisture
equivalent

28.5
37.7
11.0
15.8
10.2

1. Acid soil from Humbolt Co., California .. , .
2. Melbourne acid soil, Washington .
3. Alkaline-calcareous soil, Tucson, Arizona .
4. Black alkali soil, Tucson, Arizona .
5. Alkaline soil from Kearney Park, Fresno, California
6. Alkaline soil from Wapato Indian Reservation,

Yakima, Washington........................... 30.1 3,625
7. Acid soil from Estes Park, Colorado.. . . . . . . . . . . . . 17.3 315
8. Approximately neutral soil, Logan, Utah......... 24.9 985
9. Alkaline soil from Montrose, Colorado............ 32.3 3,020

10. Alkaline soil from Vale, Oregon.. . . . . . . . . . . . . . . . . . 23.8 1,510

These soils were carefully mixed, and portions of each were sent to labora
tories in each of the eleven Western States, except where the quantity
was not sufficient for eleven portions.

Investigations at the Arizona Station have shown that when tap water
is used as a medium for the pH determination, its buffered condition re
duces the hydrolysis of the potentially alkaline compounds to such an
extent that the pH value obtained corresponds very closely to the pH
of the soil at field-moisture content. In view of this finding it was re
quested that the collaborators use both boiled distilled water and tap
water for the determinations. The following is a detailed outline of the
instructions sent out with the sample:

(1) Determination at field moisture capacity.-Weigh 20 grams of soil into a 50
mi. beaker, add sufficient moisture to bring this content to approximately the mois
ture equivalent, cover with a watch-glass, and let stand for 5 hours under a bell
jar or other means of protection from evaporation. Determine the pH by gently
pressing glass and calomel electrodes into the soil and noting the pH value.
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(2) 1:2 distilled water.-Weigh 10 grams of soil into a stoppered bottle or flask.
Add 20 m!. of boiled distilled water, shake intermittently for 1 hour, and determine
pH.

(3) 1:2 tap water.-Same as (2) except to use tap water instead of boiled distilled
water. Allow water to run for 5 minutes from tap before drawing water for the
determination.

(4) 1 :5 distilled water.-Same as (2) except to use 10 grams of soil and 50 m!.
of boiled distilled water.

(5) 1:5 tap water.-Same as (3) except to use 10 grams of soil and 50 m!. of
tap water.

(6) 1 :10 distilled water.-Same as (2) except to use 10 grams of soil and 100 m!.
of boiled distilled water.

(7) 1 :10 tap water.-Same as (3), except to use 10 grams of soil and 100 m!. of
tap water.

It was suggested that care be taken to make the reading in a well
stirred suspension and that the pH and total soluble salt contents of the
tap water be determined.

Analyses were made by the following collaborators:
A. W. T. McGeorge.
B. R. H. Kellner, Arizona Agricultural Experiment Station, Tucson, Ariz.
C. P. L. Hibbard, University of California, Berkeley, Calif.
D. R. Gardner, Colorado Experimen·t Station, Ft. Collins, Colo.
E. F. T. Donaldson, Montana Agricultural Experiment Station, Bozeman,

Mont.
F. T. J. Dunnewald, Wyoming Agricultural Experiment Station, Laramie,

Wyo.

TABLE I.-pH values for different soils in both distilled and tap water, at various
dilutions and after 1 hour and 24 hours, respectively

BOIL

WATER

BATID

DISTILLED WATER

2 4

TAP WATER

2 3 4

After 1 hour

1:1 8.2 8.1 8.1 8.7 8.0 8.0 8.0 8.6
1:5 8.7 8.6 8.8 9.6 8.2 8.1 8.0 9.1
1:10 8.9 8.8 9.1 9.9 8.2 8.1 8.0 9.1
1:20 9.2 9.1 9.2 10.1 8.2 8.1 8.0 8.8

After 24 hours

1:1 8.2 7.8 8.0 8.5 8.1 7.8 7.9 8.4
1:5 8.5 8.3 8.4 9.4 8.2 8.0 8.0 8.9
1:10 8.5 8.4 8.4 9.7 8.2 7.9 7.8 8.9
1:20 8.7 8.6 8.7 9.9 8.1 8.0 8.0 8.7

G. W. L. Powers, Oregon Agricultural Experiment Station, Corvallis, Ore.
H. C. M. Keaton, Washington Agricultural Experiment Station, Pullman,

Wash.

The data submitted by the collaborators are given in Table 2 for dis
tilled water, and in Table 3 for tap water.
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TABLE 2.-pH values for different western soils as determined by analysts from several
Western States, using distilled water with the glass electrode standardized against

the same phosphate buffer solution.

BOIL- SAM:- ANALYST

WATER PLE pH'
RATIO NO. A- B C D " .. G H BANG"

---
I 4.70 4.50 - 5.30 4.76 5.06 5.19 4.64 0.80
2 5.55 5.55 - 5.75 5.70 5.98 6.86 5.93 1.31
3 7.65 7.60 - 7.25 7.69 7.85 8.15 6.74 1.41

Field 4 9.25 9.80 - 8.60 9.72 9.55 - 8.75 1.20
mois- 5 9.45 9.35 - 9.55 9.65 9.70 10.41 8.20 2.21
ture 6 9.65 9.50 - 9.57 10.03 10.13 10.30 8.97 1.33

7 5.15 5.00 - 5.25 - - - - 0.25
8 7.55 7.60 - - - - - 7.29 0.31
9 8.85 - - 8.95 - - - 8.10 0.85

10 9.35 9.50 - - - - - 8.59 0.91
---

I 4.70 4.50 4.77 4.81 4.58 5.00 5.50 4.74 1.00
2 5.50 - 5.56 5.54 5.43 5.85 6.37 5.70 0.94
3 8.00 7.80 8.01 7.80 7.70 8.08 8.42 7.81 0.72
4 10.25 10.35 10.40 10.40 10.18 10.35 - 9.27 1.13

1:2 5 9.95 10.05 10.17 10.12 10.05 10.22 10.78 9.08 1.70
6 10.40 10.50 10.47 10.62 10.22 10.53 11.02 9.62 1.40
7 5.25 5.10 5.31 5.38 - - - - 0.28
8 7.70 7.50 7.71 - - - - 7.43 0.28
9 9.70 - 9.77 9.65 - - - 8.46 1.31

10 10.05 - - - - - - 9.25 0.80
---

I 4.85 4.70 4.88 4.91 4.73 5.00 5.61 4.55 1.06
2 5.70 5.55 5.73 5.70 5.65 6.12 6.60 5.37 1.23
3 8.20 8.20 8.28 8.00 7.76 7.87 8.40 7.86 0.64
4 10.25 10.00 10.40 10.60 10.48 10.32 - 9.64 0.96

1:5 5 10.10 10.20 10.38 10.35 10.25 10.23 10.91 9.53 1.38
6 10.30 10.10 10.38 10.78 10.40 10.55 11.22 9.94 1.28
7 5.45 5.30 5.64 5.52 - - - - 0.34
8 7.80 7.68 7.80 - - - - 7.52 0.28
9 9.75 9.68 9.77 10.14 - - - 9.24 0.90

10 10.00 9.88 - - - - - 9.46 0.54
---

I 5.00 4.80 5.06 5.06 4.70 4.95 5.78 4.63 1.15
2 5.70 5.50 5.65 5.80 5.90 6.15 6.60 5.24 1.36
3 8.40 8.55 8.46 8.20 8.29 8.25 8.40 7.89 0.66
4 10.20 10.10 10.67 10.68 10.49 10.35 - 9.73 0.95

1:10 5 10.10 9.92 10.40 10.50 10.35 10.33 10.90 9.61 1.29
6 10.35 10.18 10.38 10.71 10.60 10.62 11.17 9.94 1.23
7 5.60 5.58 5.76 5.81 - - - - 0.23
8 8.00 7.90 8.00 - - - - 7.63 0.37
9 10.00 9.85 10.29 10.40 - - - 9.44 0.96

10 10.30 10.40 - - - - - 9.61 0.79

* Differenoe between highest and lowest pH values.
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TABLE 3.-pH values Jor different western soils as determined by analysts Jrom several
Western States using the glass electrode, with tap water as the diluting medium

BOn:.- SAll- ANALYSTS pH·
WATER PLl!I

RATIO NO. .. B C D E I' G B
RANGE

---
I 5.45 5.40 5.05 5.15 5.43 5.75 6.75 5.46 1.70
2 6.30 5.82 5.74 5.80 6.00 6.34 7.30 6.05 1.56
3 7.60 7.48 8.44 8.00 7.90 8.05 8.40 7.08 1.36
4 9.05 9.15 10.70 10.45 9.85 10.10 - 8.34 2.36

1:10 5 9.55 9.60 10.50 10.40 10.10 10.28 10.53 8.59 1.94
6 9.65 9.70 10.94 10.70 10.30 10.45 10.51 8.81 2.13
7 6.40 6.28 5.76 5.90 - - - - 0.62
9 8.80 8.90 10.36 9.80 - - - - 2.36

10 9.25 9.30 - - - - - 8.61 0.69

pH of tap water used by each analyst

7.40 7.40 8.48 7.61 8.00 7.70 8.78 7.44

Solids in tap water (p.p.ro.)

285 285 40 43 149 270 240

* Difference between higheet and loweet pH valuee.

RESULTS WITH TAP WATER

The request that the collaborators use both tap water and boiled dis
tilled water as a medium for the soil suspensions was based upon the fact
that the tap water would be more representative of field conditions for ob
viously distilled water is not used for irrigation, and when distilled water
is used for the pH determinations the soils hydrolyze more completely.
Also the tap water is slightly buffered and contains some soluble salts that
appear to bring the soil-water mixture to equilibrium more rapidly. This
is illustrated in Table 1.

The data in Table 1 show that there is little or no change in pH with
variation in soil-water ratio when tap water (taken from Arizona Station
laboratory) is used and also that the pH values are apparently constant
over a period of 24 hours. On the other hand, when distilled water is used,
there is a marked increase in pH with dilution and a change in pH value
on standing for 24 hours. In this laboratory tap water has been used in
many experiments, and the results show that the values obtained at 1: 10
soil-water dilution approach very closely the values obtained at the
moisture equivalent.

In Table 3, figures are given to show the pH and total soluble salt
contents of the tap waters used by the various collaborators. It may be
noted that they vary through rather wide limits. The soil pH values for
tap water are also given in this table at a soil-water ratio of 1: 10. The
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values obtained at 1: 2 and 1:5 soil-water ratios are omitted because, like
the values obtained at the 1: 10 ratio, they show that the use of tap water
is entirely out of the question except for specific information in individual
laboratories. The variation in pH is too great.

RESULTS WITH DISTILLED WATER

Variability of Results.-The pH determinations made with boiled dis
tilled water (Table 2) show rather wide variation among the eight ana
lysts. Whether this results from faulty technic or from sources of error
inherent in the use of the glass electrode is a matter for further study
The greatest variation occurs in the data submitted by Analysts G and H.
The pH values submitted by Analyst G are quite uniformly too high,
while those submitted by Analyst H are often too low. In order to deter
mine whether or not the extreme variation in the results of these two
analysts was from a constant source of error, the deviations from the
sample means (calculated from the data submitted by Analysts A to F
inclusive) were determined.

It was found that the results reported by Analyst G are, on an average,
0.66 pH units too high, with a standard deviation of only 0.24 (the usual
variation for the data submitted by Analysts A to F is approximately
equal to this, the average standard deviation being 0.20 pH units). The
data of Analyst H average -0.48 units too low, with the large standard
deviation of 0.36. The results reported by Analyst H are much more
variable than are those of Analyst G.

Corrected values for Analysts G and H are given in Table 4. Also in
cluded in this table is the mean pH value for Analysts A to F. Whenever
the corrected pH value is outside the range of the mean, plus or minus the
average standard deviation for Analysts A to F, it is starred. It will be
noted that only 4 of the corrected data for Analyst G are outside this
range, whereas 15 of Analyst H's samples are outside.

It may be concluded, therefore, that the high results reported by
Analyst G are caused by a more or less constant source of error, but that
those reported by Analyst H cannot be explained in this manner. In all
subsequent analyses, therefore, the writers feel justified in eliminating
from consideration the data submitted by Analyst H. The corrected
values for Analyst G, however, are used.

The average standard deviation for the different samples is 0.189 pH
units. A pH range equivalent to twice the standard deviation, or approxi
mately 0.4 pH units, includes most of the samples. This is the usual
variation between analysts, but the writers believe that it is too great.
A single analyst can narrow his range to approximately 0.2 pH units.
These data definitely indicate that there is need for further collaborative
work and standardization of the glass electrode method for alkaline soils
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SO that the results reported by analysts from different laboratories will
not vary through a range greater than 0.2 pH units.

After the data had been tabulated they were sent to all collaborators
for comments. Analyst H attributed his low results to the presence of a
mold growth in the phosphate buffer sent with the soil samples, but this
does not account for his lack of uniformity. Analyst E suggests that
closer attention to time and temperature may decrease the error, but also

TABLE 4.-Corrected pH values jor Analysts G and H, together with mean values for
Analysts A to F inclusive

SOIL.. MEAN pH VALUE ANALYBTt

WATER
SAMPLE

ANALYSTS

RATIO
NO.

A TO I' G B

1 4.890 4.55* 5.12*
2 5.706 6.20* 6.41 *

Field 3 7.610 7.49 7.22*
moisture 4 9.380 - 9.23

5 9.540 9.75 8.68*
6 9.780 9.64 9.45*

1 4.730 4.86 5.22*
2 5.576 5.71 6.18*

1:2 3 7.900 7.76 8.29*
4 10.320 - 9.75*
5 10.090 10.12 9.56*
6 10.457 10.36 10.10*

1 4.840 4.95 5.03
2 5.740 5.94 5.85

1:5 3 8.050 7.74* 8.34*
4 10.340 - 10.12*
5 10.250 10.25 10.01*
6 10.420 10.56 10.42

1 4.930 5.12 5.11
2 5.780 5.94 5.72

1 :10 3 8.358 7.74* 8.37
4 10.415 - 10.21*
5 10.270 10.24 10.09
6 10.470 10.51 10.42

* pH outside range m±Av. St. Dev. (=0.20) for Analysts A to F.
t Recorded values obtained by subtracting 0.66 from data submitted by Analyst G and by adding

0.48 to those submitted by Analyst H.

suggests the possibility of errors in technic. Analyst D suggests time,
failure to clean the electrodes, or a neglect to attain proper equilibrium
after changing the glass electrode from one sample to another as possi
bilities. Analyst C suggests that temperature differences and variations
in electrode bulbs may affect the results. Analyst A points out that failure
to attain proper equilibrium at the recorded time of reading, particularly
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at the moisture equivalent, often leads to erroneous results. He found it
necessary to withdraw the electrodes from soils at the moisture equivalent
and to press them again into the soil several times before the readings
became constant. This source of error was suggested because his data
represent two sets of analyses made at two periods of time nearly 4
months apart, during which time the original Beckman pH meter had
been returned to the factory and made over to the new Model G instru
ment with shielded electrodes. The two sets of data are in very close
agreement.

Differences between Analysts and between Soil-Water Ratios.-It was
thought desirable to submit the data to a statistical analysis to determine
whether or not significant differences exist between the values obtained
at the different soil-water ratios when boiled distilled water was used for
the determination and whether or not the results submitted by the differ
ent analysts are significantly different from one another. Inasmuch as
acid soils and alkaline soils react differently on dilution, each group was
analyzed separately. Since it was not possible for every collaborator to
analyze all the soil samples, it was not possible to use all the data in the
statistical analyses. Therefore, the samples that had been analyzed by
most of the collaborators were chosen. Missing values were estimated by
the method of Yates (see Table 5).

Alkali Soils.-The data used for the alkaline soils are given in Table 5,
together with the mean pH values, standard deviations, and standard
errors. It may be noted that the standard deviations, with one or two
exceptions, do not vary appreciably at the different soil-water ratios.
Accuracy of measurement, therefore, seems to be independent of the
ratio of soil to water used.

The data in Table 5 were submitted to an analysis of variance according
to the method of Fisher, as modified by Snedecor.1 The results of this
analysis are given in Table 6.

TABLE 6.-Analysis of variance of pH values for different alkaline soils as determined
by analysts from several Western States. Various soil-water ratios used.

SOURCE 01' VARIATION

Between means of samples .
Between means of analysts .
Between means of soil-water ratios .
Interactions:

Analyst : soil-water ratios .
Analyst: samples .
Samples:soil-water ratios .

Error .
Total .

DEGREIISOI'

PBJ:l!lOOJ<

3
6
3

18
18

9
46

103t

M:J£.AN SQUAD

0.0750*
3.4761 t

0.0677
0.0549
0.1102t
0.0320

* Significant. t Highly significant.
: Deduction of 8° of freedom for estimated values.

1 R. A. Fisher, Statistical Methods for Research Workers, Chap. VII, Oliver and Boyd. London (1936)
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Variation with Analysts.-The variance between means of analysts is
significant. The least significant mean difference is 0.135 pH units. The
mean pH values for the different analysts are as follows:

Analyst: A
Mean pH: 9.531

B
9.512

C D
9.669 9.608

E
9.616

F
9.683

G
9.536

It may be noted that the mean pH values for Analysts A, B, and G are
significantly lower than those for Analysts C and F. The mean pH values
for Analysts D and E are not significantly different from the others.
The greatest mean difference shown is between Analysts Band F and if
equal to 0.17 pH units. It is interesting that the differences between the
results reported by the different analysts should be within an average pH
range of only 0.17 pH units and yet be so consistent that a statistically
significant variance was obtained. This would seem to indicate that
differences in technic rather than carelessness were operative at the
different laboratories, with resulting consistency, otherwise more variable
results would be expected. If the method can be standardized to the point
where such variations are not possible, closer agreement between the
results reported from the different laboratories may be possible.

Variation with Soil-Water Ratios.-The variance between means of the
pH values at the different soil-water ratios is highly significant. The mean
pH differences at the various soil-water ratios are given in Table 7. The
average apparent increase in pH of the 4 samples at a soil-water ratio of
1: 2, as compared with the values obtained when the moisture content
was near the moisture equivalent, is the large figure of 0.608 pH units.
The values determined at a soil-water ratio of 1: 5 are not significantly
greater than those determined at 1: 2, and those determined at 1: 10 sig
nificantly greater than those at 1: 5. The two exceptions to this are
Sample 5, whose pH at 1: 5 soil-water ratio is significantly greater than
that at 1: 2, and Sample 3, whose pH increased significantly at each of
the soil-water ratios.

It is quite apparent, therefore, that if pH determinations made at
different laboratories on alkaline soils are to be properly comparable, the
soil-water ratios at which the determinations are made must be standard
ized. McGeorge2 considers the true pH of a sample to be the one that is
made at or near the moisture content found in the field (corresponding
to the determinations made at field moisture content). The standard
deviations of the samples (see Table 5) show that no more difficulty was
experienced in obtaining accurate results at this moisture content than
at the higher soil-water ratios. A method that would determine pH values
at field moisture conditions and at the same time be subject to variations
no greater than 0.2 pH units would be highly desirable. Therefore it is
recommended that further collaborative work be done.

• J. Am. Soc. Agron., 29, 841-844 (1937).
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TABLE 7.-Difference between mean pH values for some alkaline soils at
various soil-water ratios

IrIi KEAN pH DIFFERENCES FOR J'OLLOWING BOIL-WATER RATIOS
BOIL-

sAMPLJII IIEAN pH
WATER

NO. VALUlil I'IELD
BATIO 1:2 1 :5 1:10

MOIBTUBlII

3 7.583 0 - - -
Field 4 9.387 0 - - -

moisture 5 9.577 0 - - -
6 9.756 0 - - -

3 7.879 0.296t 0 - -
1:2 4 10.317 0.930t 0 - -

5 10.097 0.520* 0 - -
6 10.443 0.687t 0 - -

3 8.007 0.424t 0.128* 0 -
1:5 4 10.346 0.959t 0.029 0 -

5 10.251 0.674t 0.154t 0 -
6 10.439 0.683t -0.004 0 -

3 8.270 0.687t 0.391f 0.263t 0
1:10 4 10.407 1.020t 0.090 0.061 0

5 10.263 0.686t 0.166t 0.012 0
6 10.479 0.723t 0.036 0.040 0

* Significant mean difference.
t Highly significant mean difference.

TABLE 8.-pH values for three acid soils as determined by different analysts using the
glass electrode standardized against the same phosphate buffer solution

BOIL- ANALYST
IIEAN pH

WATER
SAMPLJII

RATIO
NO.

A B C D
VALUE

1 4.70 4.50 4.79* 5.30 4.822
Field 2 5.55 5.55 5.77* 5.75 5.655

moisture 7 5.15 5.00 5.25* 5.25 5.162

1 4.70 4.50 4.77 4.81 4.695
1:2 2 5.50 5.53* 5.56 5.54 5.532

7 5.25 5.10 5.31 5.38 5.260

1 4.85 4.70 4.88 4.91 4.835
1:5 2 5.70 5.55 5.73 5.70 5.670

7 5.45 5.30 5.64 5.52 5.478

1 5.00 4.80 5.06 5.06 4.980
1:10 2 5.70 5.50 5.65 5.80 5.662

7 5.60 5.58 5.76 5.81 5.688

* Estimated values caloulated by Yates' missing plot technio, Empire J. Exptl. Agr., I, 129-142
(1933).
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The highly significant interaction between the samples and the soil
water ratios indicates that the samples reacted differently with dilution.
This interaction probably resulted from the fact that the pH of Sample 3
increased progressively with dilution, whereas the significant difference
in the case of the other samples was between the pH values obtained at
field moisture content and those obtained at a 1: 2 soil-water ratio.

Acid Soils.-The samples used for the analysis of variance in the case
of the acid soils are given in Table 8. As before, it was thought desirable
to determine whether or not significant differences existed between the
values reported by different analysts and at different soil-water ratios.
The analysis of variance of the data is given in Table 9.

TABLE 9.-Analysis of variance of pH values for different acid soils as determined by
various analysts. Several soil-water ratios used

SOURCII OJ' VA.BJ.lTION

Between means of samples .
Between means of analysts .
Between means of soil-water ratios .
Interactions:

Analyst :soil-water ratios .
Analyst: samples ..............•........
Samples :soil-water ratios ............••..

Error .
Total .

* Highly significant.
t Deduotion of 4 degrees of freedom for estimated vaJues.

DIIGBmII801'

PIlElIlDOII

2
3
3

9
6
6

14
43t

UEANSQUARlll

0.1639*
0.1883*

0.0084
0.0104
0.0514*
0.0103

Variation with Analyst.-Here again the difference between analysts
is highly significant. The mean pH values for the different analysts are
as follows:

Analyst: ABC D
Mean pH: 5.262 5.134 5.347 5.402

The least highly significant mean difference is 0.13 pH units. The pH
values submitted by Analyst B are significantly lower than those sub
mitted by the other three analysts; those submitted by Analyst A are
significantly lower than those subInitted by Analyst D; the other differ
ences are not significant.

Variation with Soil-Water Ratios.-The variance between means of
soil-water ratios is highly significant. The differences between the mean
pH values at the various soil-water ratios are given in Table 10. While the
pH differences at the v ltrious ratios are often significant, these soils, with
dilution, did not act like the alkaline soils and the differences are not
so great. For Sample 7, the pH increased progressively with dilution.
The pH values at a 1: 5 ratio are significantly higher than those deter-
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mined at either the field moisture content or at a soil-water ratio of 1: 2.
Again, those determined at a ratio of 1: 10 are significantly higher than
those at 1: 5.

TABLE 10.-Difference between mean pH values for some acid soils at
various soil-water ratios

SOIL'"
MEAN pH DIFII'JiIBlllNCES FOB POLLOWING SOIL-WATER RATIOs

WATER
SAMPLB MEAN pH

RATIO
NO. VALUE FmLD

1:2 1 :5 1 :10
MOISTURE

1 4.822 0 - - -
2 5.655 0 - - -
7 5.162 0 - - -

1 4.695 -0.127* 0 - -
1:2 2 5.532 -0.123* 0 - -

7 5.260 0.098 0 - -

1 4.835 0.013 0.140t 0 -
1:5 2 5.670 0.015 0.138t 0 -

7 5.478 0.316t 0.218t 0 -

1 4.980 0.158t 0.285t 0.145t 0
1:10 2 5.662 0.007 0.130t -0.008 0

7 5.688 0.526t 0.428t 0.210t 0

* Significant mean difference. t Highly significant mean difference.

Samples 1 and 2, however, did not behave like Sample 7. When pH
was measured at a soil-water ratio of 1: 2 a significant decrease over that
measured at field moisture content was noted. At progressively higher
dilutions, however, the differences are positive and generally are highly
significant. The most consistent difference for all the samples occurs be
tween the pH values obtained at a soil-water ratio of 1: 2 and those deter
mined at 1:5. In no case, however, is the difference as large as the 0.609
pH dfference between the alkaline soils at field moisture and those at a
soil-water ratio of 1: 2 or higher. The average difference here is but 0.165
pH units.

It may be concluded, therefore, that while significant differences may
exist in the pH values obtained on acid soils, they are not so large as
those obtained with alkaline soils on dilution, and they are more variable.
In either case, however, pH determinations made at different ratios of
soil to water are not comparable and standardized methods for the deter
mination of the soils' pH must specify a given soil-water ratio. The
writers believe that inasmuch as equally accurate results can be obtained
at low moisture contents, conditions as they exist in the field should be
simulated as closely as possible so that the proper ratio of soil to water
for the determinations should be at or near the field moisture content.
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SUMMARY AND CONCLUSIONS

Ten soils from widely separated sections of the West were collected
and sent to seven collaborators in several of the Western States. It was
specified that the glass electrode be used for the pH determinations and
that each instrument be standardized against the buffer solution supplied
with the samples. One series of soils was run with boiled distilled water
as the diluting liquid and another series was run with ordinary tap water.
The following dilutions were specified: field moisture (approximately
equal to the moisture equivalent) and soil-water ratios of 1: 2, 1: 5, and
1:10.

Work in the Arizona Station laboratory indicates that little change in
pH occurs with variations in soil-water ratio when tap water is used and
also that the pH values are constant over a period of 24 hours. When
distilled water was used, however, there was a marked increase in pH
with dilution and a change in pH value on standing for 24 hours. Tap
waters were so variable from station to station, however, that extremely
wide variations in the pH values submitted by various analysts were
obtained. Tap water, as a consequence, is entirely out of the question
except when specific information may be needed at an individual lab
oratory.

The average standard deviation for the different samples, about 0.2
units, is believed to be too great. A more satisfactory figure would prob
ably be 0.1 pH units.

The soils were divided into two groups, alkaline soils and those on the
acid side of neutrality. They were submitted to an analysis of variance
to determine whether or not significant differences exist between the
results submitted by different analysts at a fixed soil ratio and those at
the different soil-water ratios.

In both the acid and the alkaline soils it was found that significant
differences did exist between the results obtained by the different ana
lysts. The greatest difference in the mean pH values is but 0.17 pH units.
Apparently different technics were used at the different laboratories.

The variance between means of pH values at different soil-water ratios
is also highly significant. In the case of the alkaline soils the average
apparent increase in pH at a soil-water ratio of 1: 2, when compared with
the values obtained when the moisture content was near the moisture
equivalent, is 0.609 pH units. With one or two exceptions, little change
in pH is shown at higher dilutions.

In the case of the acid soils, the differences, though significant, are not
so large as those with the alkaline soils. The most consistent and highly
significant difference was between the pH values obtained at a soil-water
ratio of 1: 2 and those obtained at a dilution of 1: 5. The average difference
between these two dilutions is but 0.165 pH units.
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RECOMMENDATIONSl

The significant variation in results, with dilution, emphasizes the need
for specification of the ratio at which all pH determinations are made.

The first definite application of pH values in soil science is the practical
use, namely as a measure of the actual hydrogen- or hydroxyl-ion con
centration of the soil solution at field moisture content. The second is in
soil research where the pH determinations are used to study the relation
ship of hydrogen- and hydroxyl-ion concentration to soil behavior under
any and all conditions. For practical use of pH values there is urgent need
for a standard, uniform method, and the study of pH determinations at
low moisture content will be continued during the coming year.

REPORT ON HYDROGEN-ION CONCENTRATION OF
SOILS OF HUMID REGIONS

By E. R. PURVIS (Virginia Truck Experiment Station,
Norfolk, Va.), Associate Referee

The choice between the glass and quinhydrone electrodes for deter
mining the hydrogen-ion concentration of soils of the humid regions in
volves a decision regarding two instruments, both of which have proved
quite satisfactory under average conditions. Table 1 presents the results

TABLE 1. Comparison of glass and quinhydrone electrodes for determining the pH
value of coastal plain soils

pHlUNGEl
lIDllTBOD

Glass electrode*
Quinhydrone electrode*

Number Variations> .2 pH

<5.5

4.99
5.06

3

5.5-6.0

5.78
5.79

6

6.0-6.5

6.31
6.21

4

>6.5

6.88
6.82

2

* Mean values for 40 soils within each pH range.

obtained in a comparative study of the two electrodes on 160 repre
sentative coastal plain soils of the Norfolk, Sassafras, and related series.
In these determinations a 1: 1 soil-water ratio with distilled water was
used. It is believed that the variations in tap water due to source and
treatment make it unreliable for use with poorly buffered soils. The volt
age measurements were made with a Coleman electrometer in case of the
glass electrode, and with a Leeds and Northrup potentiometer for the
quinhydrone electrode.

Although the mean values obtained with the two electrodes for all pH

I For report of Subcommittee A and action by the Association, see Thi8 Journal, 23, 63 (1940).
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ranges were sufficiently concordant for all practical purposes, it will be
noted that in 15 instances the variation was greater than .2 of a pH unit.
The soils showing this significant variation were distributed throughout
the four ranges studied. However, it was noted that in the lower pH
ranges the glass electrode tended to give lower values, while the reverse
was true in the higher ranges. No attempt was made to determine the
cause of the variation in these samples, but it was noted that with most
of them there was a tendency to drift when the quinhydrone electrode
was used. For this reason it is considered that the glass electrode deter
minations on these samples are more accurate.

Since the glass electrode is not affected by the presence of oxidizing
or reducing substances and is less subject to electrode poisoning, factors
that are occasionally encountered in humid acid soils, its selection over
the quinhydrone electrode would seem to be warranted. Especially is this
true in those laboratories where pH determinations are made on large
numbers of soil samples taken from environmental conditions that are
unknown to the operator.

The question of the proper soil-water ratio for determining the pH of
soils is an ever-occurring one. To investigate this point with reference
to soils of humid regions, eight representative soils were chosen, and soil
water ratios of 5:1,1:1, and 1:5 were used. In all cases 50 grams of soil
was used and the suspension was permitted to stand for 30 minutes, with
occasional stirring. The results obtained are presented in Table 2. To

TABLE 2.-Effect of soil-water ratio on glass electrode values

ORGANIC
pH AT VARIOUS BOIL-WATER RATIOS

BOIL TYPE LOCATION
EXCHANGJ!I

CARBON CAPACITY
5:1 1 :1 1:5

per cent M .E.-tOO qram.
Cecil sandy loam S.C. .71 2.9 5.50 5.45 5.80
Kempsville sandy loam Va. .77 3.9 4.90 4.85 5.10
Sassafras sandy loam Va. .61 4.1 5.95 5.85 6.10
Norfolk fine sandy loam Va. .53 6.7 5.40 5.35 5.70
Portsmouth fine sandy loam N.C. 2.34 9.2 7.75 7.75 8.00
Crosby silt loam Ind. 1.09 9.5 5.45 5.55 5.75
Lackawana silt loam N.Y. 3.18 12.5 6.60 6.60 6.90
Hermon fine sandy loam N.H. 4.38 15.2 5.00 4.95 5.20

show the variability of the chemical properties of the soils studied, the
exchange capacities and organic carbon contents are included in the table.

The results of this study show that practically identical values were
obtained in the 5: 1 and 1: 1 soil-water suspensions. With the 1: 5 sus
pension significantly higher pH values were obtained for all soils. Whether
this was due to the presence of soluble salts or acids or to low buffer
capacity within the ranges studied was not determined. However, since
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the 1: 1 soil-water ratio is entirely satisfactory with the sturdier types of
glass electrodes now in use, and since the results obtained with this ratio
closely approximate those obtained at field moisture content, it is recom
mended that this ratio be adopted as standard for soils of the humid
regions.

Based upon the studies reported here and upon similar studies reported
in the literature on the subject, it is recommended1 that the following
procedure be used for the determination of the hydrogen-ion concentra
tion of humid soils.2

To 50 grams of fresh soil add 50 m!. of distilled water and let stand for 30
minutes, with intermittent agitation. Determine the reaction value by the electro
metric method, using a glass electrode of either the thin wall or penetration type.
The voltage or pH reading should be made as soon as the potentiometer registers
equilibrium.

REPORT ON LIMING MATERIALS

DETERMINATION OF EXCHANGE BASES AND EXCHANGE
CAPACITY OF SOILS

By W. M. SHAW (Agricultural Experiment Station,
Knoxville, Tenn.), Associate Referee

At its 1936 meeting, the Association directed study of methods for the
determination of exchangeable calcium and magnesium in soils. In 1937
the Associate Referee on Liming Materials initiated and reported a
collaborative study of boiling ammonium chloride for the complete ex
traction of soil bases, occurrent in the absorbed state and as carbonates,
This Journal, 21, 252 (1938). The results showed that soils limed many
years had accumulated absorbed calcium far in excess of the total ex
change capacity indicated by the ammonia absorption from either neutral
chloride or acetate. It was also shown that variable quantities of the
ammonia radical were retained by soils after being leached with the
neutral salt, depending on whether or not the alcoholic wash used was
adjusted with ammonia.

Further work, Ibid., 22, 242 (1939), led to the use of a current of steam
to expedite the digestion procedure for soil bases. The dissolution of
calcium carbonate in soils was speeded to completion in about 10 minutes'
digestion, whereas the complete solution of dolomite requires digestion
for about 45 minutes. It was shown that concordant and accurate deter
minations of the absorbed magnesium in soils can be made by this ex
traction procedure when manganese is eliminated and 2 ml. molar solution
of ammonium citrate is added before the precipitation of the magnesium
ammonium phosphate. It was also shown that the customary use of

1 For report of Suboommittee A and aotion by the Assooiation, see This Journal, 23, 53 (1940).
J The quinhydrone electrode gives satisfactory results with soils having a reaction value below pH 6.0.

The v!\.rio1,\S OQlorimetrio methods may be used for approximate quantitative determinations.
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magnesium oxide in the distillation of the ammonium from clay soils
gives low results in the exchange capacity determination by ammonium
absorption from neutral salt treatment, whereas limited concentrations
of sodium hydroxide proved expeditious and satisfactory for this purpose.

During the past year the work of the Associate Referee was devoted
mainly to a number of details connected with the determination of the
exchange capacity of soils by ammonia absorption. To obtain more de
tailed information, the Associate Referee addressed a questionnaire to
a number of workers that have been identified with this type of work at
the various experiment stations, and the replies have facilitated greatly
the formation of this report. The experimental work is presented in rela
tion to the topics proposed in the questionnaire.

EXCHANGEABLE CALCIUM AND MAGNESIUM IN
CALCAREOUS SOILS

A normal ammonium acetate procedure was proposed by Schollen
berger,! and, with various modifications, is used extensively. Concern for
dissolved calcium carbonate or magnesium carbonate, as distinguished
from absorbed bases, was shown in only half of the replies. The others
expressed no interest in such differentiation, either because of interest
solely in acidic soils or because the carbonates and absorbed calcium and
magnesium were considered in the same category, with respect to avail
ability. The procedure generally used for distinguishing between calcium
dissolved from carbonates and that dissolved from the absorption com
plex, is to determine the soil's carbonate content before and after the
ammonium acetate treatment. This procedure is open to objections as to
principle and expediency. Calcium and magnesium replacement will be
incomplete so long as these ions are being dissolved by the replacing agent
and their solutes continute to bathe the soil mass. This condition will
affect adversely determination of both absorbed base and exchange capac
ity by ammonia absorption. On the other hand, the technic of carbonate
determination after ammonium acetate treatment of the soil is not well
defined. If the entire extracted residue is used for the carbonate deter
mination, it will be necessary to make another extraction for the exchange
capacity determination. Any replication of soil extraction will require rep
lication of carbonate determinations also on residues, since the quanti
ties of carbonates dissolved by the ammonium acetate treatment will not
be identical in any two such determinations. The alternative procedure
of dividing the extracted residue and using one part for carbonate and the
other for ammonia distillation is not conducive to accurate sampling, and
is not feasible for clays or clayey soils. Mere leaching with ammonium
acetate will not yield satisfactory results for either supplies of available
calcium and magnesium or for exchange capacity.

1 .soil Sci., 30, 161-173 (1930).
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The results of Table 1 show solvent action of ammonium acetate treat
ment on 10 gram soil charges, in comparison with the sum of dissolved
calcium and magnesium by the boiling digestion with ammonium
chloride on a number of limestone- and MgC03-treated soils. These
results indicate that the ammonium acetate is capable of extracting 2-3
per cent calcium carbonate or magnesium carbonate from a 10 gram
charge of soil by 150 ml. leaching on Buchner filter, subsequent to over
night shaking with 100 ml. These quantities were much less than the total
available content of calcium or magnesium, as shown by amounts dis
f'lolved by the boiling ammonium chloride procedure. The acetate treat
ment extracted from soil No.3 only 80 per cent of the absorbed mag
nesium resultant from a comparatively recent incorporation of magnesium
carbonate. Increase of the ammonium acetate leachate to 500 ml. yield
ed additional quantities of calcium and magnesium, but failed to ex
tract all of the calcium carbonate and magnesium carbonate, or even
the absorptively held magnesium. The effect of such incomplete re
moval of absorbed magnesium on the exchange capacity by ammonia
absorption may be seen by comparing the values obtained for Soils 4 and
5 by straight acetate treatment with those obtained by ammonium chlo
ride or by ammonium chloride followed by acetate leaching. The incom-

TABLE I.-Solvent effects of NH.Cl and NH.C2H.02 upon soils containing CaCO. and
MgCO., and exchange capacity values (in mg. equivalents per 100 g. of soil)

Ca+MgDI880LVEDBY EXCHANGE CAPACITY

NO. BOIL TREATMENT
Co.=

AMMON. ACETATE AMMON.
CONTENT BOILING AMMON. AMMON.

CHLORIDE
NH.Cl 250 IlL. 500 IlL. ACETATE CHLORIDE

ACETATE

------------------
I Cumberland silt loam,

limestone-treated 90.7 102.1 45.2 65.0 6.7 7.2 7.2
2 Colbert silty clay loam,

untreated 18.6 67.7 58.0 - 43.3 43.3 43.3
3 Cumberland silt loam,

MgCO.-treated 1.5 15.1 12.1 13.3 8.6 8.7 9.0
4 Same, MgO-treated 12.0 82.5 30.8 46.0 6.7 9.2 9.6
5 Same, MgCO.-treated 38.8 89.0 56.2 60.0 6.3 9.0 9.0

plete removal of the absorbed magnesium in these soils resulted in
lessened subsequent ammonia absorptions, only about j of those that
occurred after complete extraction of the absorbed magnesium.

It appears, therefore, that the most logical and accurate procedure for
soils that contain appreciable quantities of calcium carbonate, magnesium
carbonate, or Ca.Mg(C03)2 is to effect complete extraction of both ab
sorbed and carbonate bases, and to deduct the carbonate equivalence,
which need be deterInined only once. The boiling ammonium chloride pro-
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cedure described in the 1938 report, This Journal, 22, 242 (1939), seems
the most satisfactory method for the complete base extraction of such
soils.

Special consideration is given to the proper assignment of the deter
mined carbonate radicle between the calcium and magnesium, where the
presence of both calcium carbonate and Ca.Mg(COa)2 is suspected. The
presence of either calcium carbonate or dolomite singly can be easily
detected from the dissolution rate, Ibid., during the regular digestion
process. In the western arid regions the soil system is more complicated.
In the states of California and Arizona the exchangeable calcium and
magnesium is determined indirectly and approximately from the differ
ence of the exchange capacity by ammonium acetate and the sum of the
determined sodium and potassium.

The chief objectives of any neutral salt extraction of a soil are to deter
mine (1) the supplies of available bases (Ca, Mg, K, and Na); (2) the
exchange capacity of the soil; and (3) the state of base saturation, which
follows from (1) and (2). It is also of scientific interest and of practical
importance to ascertain the effects on the exchange complex resultant
from heavy additions in liming experiments in various parts of the humid
regions in the United States. The investigation has been approached
from this standpoint.

EXCHANGE CAPACITY AND ABSORBED HYDROGEN
DETERMINATION OF ACID SOILS

Previous studies in connection with the ammonium chloride digestion
of soils demonstrated that all soil suspensions had an acidity of about 4.4
upon completion of such digestion, and ~t was recommended that 15 ml.
of 0.1 N ammonium hydroxide be added to neutralize this acidity before
filtering and leaching with neutral normal ammonium chloride for deter
mination of exchange capacity. Determinations of acidity developed by
such digestions of inorganic and organic soils were made by analyses of
ammonium retained by residues in comparison with ammonium held by
the same residues when their acidity was neutralized by either ammonium
hydroxide or by treatment with neutral ammonium acetate. The results
showed that the acidity developed from such digestion of essentially min
eral soils rarely exceeds 10 ml. of 0.1 N acid. Highly organic soils or acid
peats may show acidity as high as 40 ml. of 0.1 N acid per 5 grams deter
mination. Because of the potentially wide range of acidity that various
soils may develop upon digestion with ammonium chloride, and because
of the low buffer capacity of this solution, the arbitrary use of a con
stant quantity of ammonium hydroxide for neutralization of soil-NH4CI
suspension may prove inadvisable, and, even inadequate. The boiling
ammonium chloride digestion of calcareous soils converts residues of
such soils to an acidic state, and their neutralization for the purpose
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of base exchange determination becomes a phase of the general prob
lem of absorbed hydrogen replacement by ammonia.

Answers received to this query indicate that the practice most preva
lent among soil investigators is to leach the soil with a sufficient volume
of normal ammonium acetate at pH 7.0 to assure replacement of the ab
sorbed hydrogen by ammonia. Several expressed doubt as to the capacity
of the ammonium ion to replace completely the absorbed hydrogen of
acid soils. This was the basis of barium hydroxide treatment suggested
by Kelley in 19292 as a prelude to leaching with ammonium acetate. In
1930, Chapman and Kelley3 reported that neutral ammonium acetate will
replace the hydrogen ions of acidic soils completely, without preliminary
treatment with barium hydroxide.

Schollenberger originally suggested the use of ammonium acetate of
pH 7.07 to assure more rapid neutralization of the absorbed hydrogen.
Some investigators contend, however, that correct resvlts for exchange
capacity are obtained from the addition of the replaceable ions, including
the hydrogen ion, which is determined by titration of barium-acetate
leachates. Values obtained for absorbed hydrogen by direct titration of
barium-acetate leachates usually run higher than those computed by
difference from the ammonia absorption. Hissink4 concluded that the ab
sorbed hydrogen of the soil can be neutralized only at high pH value,
10-11, and he recommends a titration procedure with barium hydroxide.
According to his method, soils naturally supplied with calcium carbonate
are only about 45 per cent saturated. The Hissink procedure for absorp
tive capacity, therefore, gives values beyond those from natural soil con
ditions. In the absence of a natural standard, it seems essential to adopt
some convenient arbitrary standard for the saturation capacity of soils,
and the ammonium acetate procedure seems best for this purpose.

AMMONIA ABSORPTION FROM AMMONIUM ACETATE
BY ACIDIC SOILS

Ultimate ammonia absorption may be affected by several factors not
generally recognized, namely, leaching volume, manner of washing out
the ammonium salts, care of the residue, and distillation of the ammonia.

Two types of materials, a Cumberland loam red clay subsoil practi
cally devoid of organic matter and having a pH of 4.8, and a peat of very
low ash content and having a pH of 3.3 were used to determine the speed
of reaction and volume of leachate requisite for maximal ammonia ab
sorption. A preliminary experiment was carried out with the peat by mix
ing 4 grams of the air-dry material with 100 ml. of neutral ammonium
acetate and filtering immediately. Leaching was to a combined volume
of 250 ml. in one case and to 500 ml. in the other. The m.e. of ammonia
absorbed per 100 grams of air-dry peat was 95.8 in each case.

2 J. Am. Soc. Agron., 21,1021 (1929).
3 Soil &i., 30,391 (1930).
• Trans. Srd Int. Congo Soil Sci., n, 60.
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Speed and extent of ammonia absorption were measured further by a
single extraction of these acidic materials in varying volumes of both am
monium acetate and ammonium chloride solutions. The results of the
ammonia absorptions and resultant pH values are given in Table 2.

TABLE 2.-Effect of varying volume of single extractions with N H.Cl and N H.C.H.O.
on NH. absorptions

pH OF EXTRACTS
NH. ABSORBED

VOLUME OF
PER 100 G. FROM

MATERIAL REPLACING

SOLUTION
CHLORIDE ACETATllI CHLORIDE ACETATJIl

mI. m.e. m.e.
Cumberland loam 50 5.0 6.4 6.5 8.4
Red clay subsoil, prac- 100 5.3 6.6 6.6 8.5

tically devoid of or- 200 6.0 6.7 6.9 8.4
ganic matter, pH 100 +150 leach. - - 9.0 9.2
4.8,20 g. air-dry

Peat, finely ground, 50 2.8 5.6 23.2 92.8
95 per cent volatile, 100 2.9 5.8 27.0 95.6
pH 3.3, 5 g. air-dry 200 3.0 6.2 32.2 96.2

100 +150 leach. - - 97.3 99.4

Capacity of ammonium acetate to replace absorbed hydrogen in both
inorganic and organic colloids is most illuminating, in contrast with the
low replacement by the chloride solution. For example, the 100 m!. ex
traction of the clay shows 6.6 m.e. ammonium absorbed from the chlo
ride and 8.5 m.e. from the acetate. In each case about 3.5 m!. was due to
exchange for calcium and magnesium, giving corrected hydrogen replace
ments of 3.1 against 5.0 m.e., respectively, for the chloride and the ace
tate. Taking 5.7 m.e. absorbed hydrogen by the acetate leachate as the
total, hydrogen replacement by one 100 m!. extraction was 54 per cent
for the chloride and 88 per cent for the acetate. Allowing 20.5 m.e. of the
ammonia absorption for replacement of calcium and magnesium in a
similar comparison for the peat, 6.5 m.e. hydrogen replacement by the
chloride was 6.5 m.e. and 75.1 m.e. by the acetate. In terms of maximal
hydrogen determined, displacement per 100 m!. was 8.2 per cent for am
monium chloride and 95.2 per cent for the acetate. Decrease or increase
in volume of replacing solution in a single extraction exerted an apprecia
ble effect on the low hydrogen replacements by the ammonium chloride,
but only a slight effect on hydrogen replacement by the ammonium
acetate.

The comparative pH values of the extracts are indicative of the buffer
ing capacity of ammonium acetate, Moreovef, the poor buffer capacity
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of the ammonium chloride is shown by the low pH values of the peat
extracts, which were diminished from pH 7.0 by comparatively small
hydrogen-ion replacements.

EFFECT OF pH ON THE AMMONIUM ABSORPTION OF
SINGLE 100 ML. EXTRACTION

For each extraction of 50 m!. of 2 N solution of ammonium acetate
taken, increasing quantities of 0.5 N ammonium hydroxide were added
and made to 100 m!. with water. Five grams of peat was shaken with the
several solutions in stoppered Erlenmeyer flasks and allowed to stand
overnight. The suspensions were filtered on 70 mm. Buchner filters. The
filtrates were saved for pH determinations, and the residues washed with
95 per cent ethanol to about 250 m!. The absorbed ammonia was steam
distilled after the addition of 12.5 mI. of normal sodium hydroxide. The
results are given in Table 3.

TABLE 3.-Effect of increasing pH value of N H.C.H.O. on the N H.
absorption by a peat

NH.ORADDED NH4 ABSORPTION

NO.
pRop

APPROX. EXTRACT
PER 5 G. PER 100 G.0.5 N MoE. VALUE

1 0 0 5.88 4.96 99.2
2 5 2.27 6.08 6.01 100.2
3 10 4.54 6.44 5.14 102.8
4 15 6.81 6.95 5.27 105.4
5 20 9.08 7.40 5.45 109.0
6 25 11.35 7.70 5.53 110.6

The data demonstrate the increasing absorption of ammonium with
increase of equilibria of pH values. The exact pH of the starting acetate
solutions was not detennined, hence diminutions in pH value were not
computable. In system No.4, however, where the equilibrium solution
was nearly neutral and the ammonium absorption was 105.m.e., the ini
tial absorption was at higher pH value, and it was decreased by the sub
sequent hydrogen-ammonia exchange. When the same peat samples were
shaken with a solution of initial pH of 7.0, the resultant equilibrium pH
was much lower, actually 5.98, and it was necessary to build up the ad
ditional absorption for the pH 7.0 equilibrium by further renewed con
tacts with the equilibrium solution. It is possible, therefore, that the
ammonium absorption from a single contact at a certain final pH may be
higher than the absorption from renewed contact by leaching with the
same solution of identical pH. The maximal ammonia absorption at pH
7.7 was only about 5 per cent above that at pH 6.95.
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EFFECT OF VARYING pH OF AMMONIUM ACETATE LEACHINGS ON
AMMONIA ABSORPTION BY ORGANIC AND INORGANIC SOILS

An effort was made to determine the effect of pH of the ammonium
acetate on the ammonium absorption under usual conditions. The soils
were selected to represent a wide range with respect to organic and in
organic colloids. A peat was used as representative of an organic colloidal
material, two subsoils as representative of inorganic colloids, and a black
clay loam as representative of an intermediate. Ammonium acetate solu
tions of various pH values were prepared by the addition of either acetic
acid or ammonium hydroxide to the neutral solution. The soils were
shaken with 100 ml. of the respective solutions in stoppered flasks and
allowed to stand overnight. The suspensions were then filtered on Btich
ners and leached with 150 m!. of the same solution, and washed with 250
mI. of 95 per cent ethanol. The ammonium absorptions were determined
by dilute sodium hydroxide distillation, as described.

The results of Table 4 show that, except for the peat sample, ammonia
absorption did not increase with increases in pH values above 7.0 after

TABLE 4.-Effect of varying pH of N H.C2H.02 leachings on the N H.
absorptions of various soils

NILc.H.o.. .....KE-UP NH. ABSORPTION PER 100 G. AIR-DRY

ADDITION PER LITER
NO. BLACK

RED YELLOW

IN IN pH
CLAY CLAY

CLAY PEAT

ACETIC ACID NH.OH LOA'"

m.e. m.B. m.e. m.e.
1 15 - 6.45 - 35.6 - 100.0
2 10 - 6.60 - 35.5 - 100.8
3 5 - 6.80 - 35.6 - 101.6
4 0 0 6.95 9.2 35.6 38.8 104.6
5 - 5 7.18 9.4 35.4 38.6 105.2
6 - 10 7.40 9.4 35.5 38.8 106.2
7 - 15 7.58 9.6 35.6 38.6 108.2
8 - 20 7.72 9.4 35.6 38.7 108.6
9 - 25 7.81 9.6 35.6 38.8 108.2

the ammonium acetate. Increase induced by raising the pH value from
7.0 to 7.8 was about 5 per cent for the peat. If allowance is made for
variability in the last three detenninations, it is found that there is about
one per cent increase in absorption for each 5 ml. excess of normal am
monium hydroxide per liter of ammonium acetate of pH above 7.0. In
the light of these results, the absence of any increased absorption with
increase in pH by the black clay loam, which contains 8.7 per cent organic
matter, is surprising. Lack of evident increase in the ammonia absorption
through increased pH of replacing agent in any of the several soils does
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not necessarily prove that the pH factor is without effect upon such ab
sorption by ordinary soils. It is possible that such effect is small and that
it was nullified by subsequent washings with the 95 per cent alcohol.

Experiments were carried out to determine the pH effect on ammonium
absorption by analyzing the change in ammonium concentration of the
liquid phase. The results indicate much greater effects of pH on the am
monium absorptions than those shown above, but because of the high
ammonium concentration and the relatively large factor on experimental
error, it will be necessary to check this technic.

EFFECT OF ALCOHOLIC WASH ON THE AMMONIA ABSORPTION
VALUES OF SOILS

In saturating the soils with ammonium from either ammonium chloride
or ammonium acetate, it is necessary to free the soil mass of the solute
before the absorbed ammonium can be determined. Both ethyl and
methyl alcohol have been used for this purpose, but ethyl alcohol has been
used in a wider range of concentration, from 50-95 per cent. Some in
vestigators neutralize the alcohol with ammonium hydroxide, neutrality
being registered by bromothymol blue or by the glass electrode. Such
neutralization has been discussed in previous reports, This Journal, 21,
252 (1938) and 22, 247 (1939). Previous and present studies have shown
differences of 2-4 m.e. per 100 grams of soil in results by use of ammonia
treated alcohol and non-treated alcohol. The U.S.P. 95 per cent used was
acidic to bromothymol blue, and required approximately 2.5 ml. of nor
mal ammonium hydroxide to neutralize one liter. On exposure to the
atmosphere this adjusted alcohol became acidic to the above indicator.
Others have shown that this indicator cannot be depended upon to give
a sustained pH to the alcohol. Measured by the Beckman glass electrode,
the alcohol showed a pH slightly above 7.0. The question arises, Is the
difference in the ammonium absorption by the treated soils due to the
ammoniated alcohol or to the solvent action of the ammonia-free neutral
alcohol wash? To answer this question, experiments were run to deter
mine the solvent effect of the 95 per cent ethanol.

Several soils were treated with ammonium acetate, filtered, and leached
in the usual manner. One series was washed with 500 ml. of 95 per cent
ethanol and the other with the same volume of ethanol adjusted with 2.5
ml. of normal ammonium hydroxide per liter. The washed residues of
each series were again leached with 500 ml. of 95 per cent ethanol and
their washings evaporated to about 10 m!. with the addition of a few
drops of sulfuric acid. The residues were diluted and transferred to dis
tillation flasks, and the absorbed ammonium was distilled after addition
of sodium hydroxide. The amounts of ammonium found in the second
500 ml. alcoholic wash, together with that found in the soil residues after
the two 500 ml. washings, are given in Table 5. The quantities of ammo-
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nium dissolved from the NH4-soil residue by 500 ml. of alcohol wash are
shown in the second and fourth columns. In each case these residues had
been washed with more than the usual volume of alcohol, previous to the
determined solvent effects. When the ammonium absorptions by these
soils were determined after one 500 m!. alcohol washing under the two
conditions, two sets of ammonium values for the exchange capacity were
obtained, as shown in Columns 5 and 6. Differences in results by these
two procedures are shown in the last column. Data in Column 2 show the
minimal solvent effect of 500 m!. of 95 per cent ethanol on the NH4-soil
complex. The fact that much larger quantities of ammonium were re
moved by the same wash from the ammonium soils, previously washed,
however, with 500 ml. of ammoniated (0.0025 N) alcohol, indicates that
this ammonium increment is not held so tenaciously as the remaining
ammonium in the soil. This fact also suggests that the practice of am
moniating the alcohol wash may cause enhanced and variable ammonium
absorption values. The solvent effect of neutral 95 per cent ethanol on the
NH4-soil complex should be taken into consideration in regulating the vol
ume of alcohol wash. Although no experimental work has been done on
this phase of the problem, it is apparent that greater solvent effects may
be expected when the NH!I-soil complex is washed with alcohol of
concentration below 95 per cent.

TABLE 5.-Effect of NH.OH in alcohol wash upon absorbed NH.from NH.Cl
treatment of soils

500 MI.. AMMONI-

TWO 500 ><L. ATED W A.SH II'OL- ABSORBED NIL IN

PORTIONS 01' LOWED BY 500 NON- BOILS AFTER ONE INCREASE IN

SOILS· ETHANOL AMMONlATllD 500 lIL. WASH ABSORBED NHt
ETHANOL DUE TO AMJI,lONI-

ATE OF WA.SH

NIL IN NHtIN NH,m NIL IN AMMONI- NON-AM:-

SOIL 2dwASH SOIL 2d WASH ATED lrlONlATED

------------
nt.8. m.e. m.e. m.e. m.e. m.e. m.e.

Clarksville silt loam 3.6 .8 4.6 1.3 5.9 4.4 1.5
Fullerton silt loam 4.1 .6 5.0 1.3 6.3 4.7 1.6
Dewey silt loam 6.8 .8 8.0 1.7 8.7 7.4 1.3
Dickson silt loam 3.9 .6 4.5 1.7 6.2 4.5 1.7
Hartsells sandy loam 4.2 .6 4.9 1.7 6.6 4.8 1.8
Hagerstown silt loam 6.0 .6 6.6 2.0 8.6 6.6 2.0
Colbert silt loam 13.7 .8 15.0 2.3 17.3 14.1 3.2
Colbert clay loam 41.0 1.3 42.5 3.0 45.5 42.3 3.2
Chickamauga surface 31.7 1.5 34.1 3.0 37.1 33.2 3.9
Chickamauga subsoil 33.8 1.0 35.1 2.1 37.1 34.8 2.3
Cherokee clay subsoil 8.0 .8 9.5 2.4 11.9 8.8 3.1
Bentonite - - 35.2 1.4 36.6 34.8 1.8
Becket sandy loam 41.4 2.9 45.5 3.5 49.0 44.3 4.7
Peat 34.4 2.1 37.8 4.6 42.4 36.5 5.9

* All were 10 g. charges except the peat, which was 4 g.
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EFFECT OF DRYING ON THE NH.-SOIL COMPLEX

The usual practice is to drain off the free liquid from the alcohol
washed ammonium soil and to transfer it immediately into the distilla
tion apparatus, but some analysts practise drying the soil mass before
distillation. Some comparisons indicate that the preliminary step of dry
ing causes appreciable loss of ammonium. This loss is more serious with
soils of high organic matter content.

AMMONIA DISTILLATION TECHNIC

The prevalent practice in the determination of the absorbed ammonium
is to suspend the soil mass in about 400 ml. of water, and to add mag
nesium oxide and distil 200 ml. into standard acid. To obviate foaming
and bumping, and possible chemical action on the soil organic matter,
some investigators have resorted to aeration or to acidic leaching of the
ammonium. The steam distillation eliminates all mechanical difficulties
through the vigorous churning of the soil mass by the steam jet. Foaming,
encountered in distillation of soils of high organic content and heavy
clays, is prevented by the addition of a few drops of a mixture of mineral
oil and caprylic alcohol.

The relative efficiencies of magnesium oxide and certain concentrations
of sodium hydroxide in the displacement of ammonium soil by distilla
tions was studied previously, and has been reported, This Journal, 22,
246 (1939). It was shown that the ammonium displacement by the mag
nesium oxide is much slower than with sodium hydroxide, and that this
disparity may be the cause of serious error in distillations of clay soils.
It was shown also that in the concentration used sodium hydroxide
exerted negligible effect on the soil organic matter.

Experience with concentrated ammonia distillates, i.e. those carrying
30 ml. of 0.1 N ammonium hydroxide and over, led to introduction of
certain precautionary measures to assure greater accuracy in ammonium
recovery. Distinct ammoniacal odor indicated the passage of ammonia
through the standardized acid in the receiving vessel during displacement
of air by the steam in the initial stage of distillation. This was not pre
vented by increasing the cooling surface of the condenser, or by collection
of distillate in chilled acid. From 1 to 2 ml. of 0.1 N ammonium hydroxide
may be lost in this manner. To remedy this defect, air is dispelled from
the distillation apparatus by boiling the suspension in either neutral or
slightly acid condition, releasing the steam pressure, and then introducing
the alkali through a separatory funnel.

Another error may be injected at the beginning of the distillation, since
the amount of ammonium hydroxide then carried over may form an al
kaline surface layer and thus be partly lost by volatilization, despite the
excess of acid in the receiver. It is essential, therefore, to stir the absorb
ing acid frequently during the first 2-3 minutes of the distillation.
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By means of steam distillation and use of dilute sodium hydroxide, the
complete removal of ammonium and a 200 ml. distillate can be attained
in less than 15 minutes.

No report on less common metals in soils was given by the associate
referee.

No report on selenium in soils was given by the associate referee.

REPORT ON FERTILIZERS

By G. S. FRAPS (A. & M. College of Texas, Texas Agricultural
Experiment Station, College Station, Texas), Referee

The recommendations of the associate referees will be given in their
reports, as usual. The revision of Methods of Analysis calls for some cor
rections; most of these are editorial, but a few on the margin between the
editorial and actual changes in methods will be brought to the attention
of the Association.

The direction for preparing methyl red for the Kjeldahl method should
be corrected since the indicator is partly precipitated when the water is
added to alcohol. Kjeldahl flasks of 800 ml. capacity should be included
in the method. The term "Thomas or basic slag" should be changed to
"basic slag." Authority to standardize the acid and alkali used in the
Kjedahl method by the general methods now adopted should be given.
Recommendations regarding these points are made later.

Suggestions have been made to change the size of the screen used in
preparation of fertilizers, and to standardize the potassium hydroxide
used in the volumetric estimation of phosphoric acid by means of calcium
phosphate, but these suggestions involve more than editorial changes and
would require collaborative work, although the method can be clarified
in this respect.

The recommendation of the Referee on Fertilizers that an associate
referee be appointed to work in cooperation with the Bureau of Standards
on the testing of volumetric apparatus and weights and to recommend
methods for discouraging the use of apparatus and weights that are too
inaccurate was last year deferred for further study. It is, of course, not
necessary to test flasks, burets, pipets, and weights that have been tested
by the Bureau of Standards, but large numbers of other instruments are
in use, and it is recognized that some of these do not have the desired
accuracy. This Association should recommend the testing of all flasks,
pipets, burets, and weights not already tested by the Bureau of Standards
and should provide methods for making these tests. Weights should prob-
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ably be tested annually. A condensed statement of methods for testing
used in the Referee's laboratory follows:

TESTING GRADUATED FLASKS

Use Morse calibrating burets (Eimer and Amend No. 19218) of 500 cc., 200 cc.,
50 cc., and 1 cc. capacity which have been calibrated by the Bureau of Stand
ards. Set up the apparatus with one side of the 2-way stop-cock connected with
an aspirator containing distilled water. Fill the buret and run water into the clean
and dry flasks to be tested in such a way that the water strikes the neck of the flask
just below the graduation mark, at the rate used in the original calibration. Fill
the flask until the bottom of the meniscus is exactly on the graduation mark, and
raad the volume from the graduated stem of the Morse buret. If the volume comes
within the limits of tolerance, the flask is marked "O.K." If the volume is beyond
the limits of tolerance, the flask is either destroyed or sent back to the company
from which it was purchased.

TESTING PIPETS

Fill the clean pipet with distilled water of known temperature and empty into
a weighed flask or weighing bottle. Compare the weight of the water with the cal
culated weight at the temperature of measurement.

TESTING BURETS

Test the buret either by means of the calibrated Morse buret, or by weighing
distilled water delivered as directed for the pipets.

TESTING WEIGHTS

Test the weights against weights tested by the Bureau of Standards. Clean
weights and adjust brass weights by removing or adding aluminum or lead or fine
platinum wire, which can easily be cut to the desired weight.

RECOMMENDATIONS'

The following recommendations in regard to revision of methods are
presented.

(1) Page 23, 19.-Insert "The acid may be standardized by any of the
official methods given in Appendix 1 (editorial, final action).

(2) Page 23, 19 (c).-Add "proceed as directed in any official method
given in Appendix 1," in order that standard alkali solutions may be
standardized by other official methods (editorial, final action).

(3) Page 23, 17.-Change heading to read: "Citrate-soluble and avail
able phosphoric acid, official." Add the sentence, "Subtract citrate
insoluble P 20 6 from total to obtain available P20 6." This is in accordance
with the definition of available phosphoric acid adopted in 1931
(editorial, final action).

(4) Page 24, 20 (a).-Change to read "total capacity ca 550 cc. or 800
cc," and 20 (b) to read "550 or 800 cc." This provides for the use of 800
cc. flasks (editorial, final action).

(5) Page 23, 19 (e).-Change to "HgO of reagent grade, free from N"
(editorial, final action).

(6) Page 24, 19 (i).-Change directions for methyl red to read, "Dis-

1 For report of Subcommittee A and action by the AllSooiation. see Thi. J""rnal. 23, 75 (1940).
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solve 1 g. of methyl red (dimethylaminoazobenzeneorthocarboxylic acid)
in 200 cc. of alcohol" (correction, final action).

(7) Page 36, 62.-Change "500 cc. Wagner flask" to "500 cc. cylindrical
shaking flask (Wagner)" (editorial, final action).

(8) Page 19, 7 (a).-Insert the sentence "Cool" after the first sentence,
in order to avoid precipitation of molybdic acid, which occurs when hot
solutions are used (correction, final action).

(9) Page 23, 19 (g).-Change the last sentence to read as follows: "A
soln having a sp. gr. of 1.36 or higher may be used" (final action).

(10) Change the official methods for the determination of P 20 S as give:l
in paragraphs 4 and 5, This Journal, 22, 70 (1939) (official, final action).

(11) Refer the distillation method for water in fertilizers to the Associ
ate Referee on Nitrogen for further consideration in regard to its
applicability.

It is also recommended-
(12) That the Associate Referee on Phosphoric Acid study the fineness

of grinding needed for high analysis fertilizers.
(13) That the Association approve the testing of flasks, burets, pipets,

and weights used for analyses of fertilizers that have not been tested by
the Bureau of Standards, and consider the adoption of methods for such
testing or appoint an associate referee to recommend methods for testing
unstandardized flasks, burets, pipets, and weights, and for checking the
accuracy of weights in use.

(14) That since the work of the Associate Referee on Phosphoric Acid
shows that the McIntire-Shaw-Hardin method for available phosphoric
acid gives such high results with rock phosphate that its use would permit
the substitution of part of the superphosphate by rock phosphate in mixed
fertilizers, the study of this method as a substitute for the present
method for determining available phosphoric acid be discontinued.

REPORT ON PHOSPHORIC ACID
A COMPARISON OF THE OFFICIAL AND MAcINTIRE-SHAW-HARDIN

METHODS FOR DETERMINING AVAILABLE PHOSPHORIC ACID

By WILLIAM H. Ross, Associate Referee, and L. F. RADER, JR. (Bureau
of Agricultural Chemistry and Engineering,

Washington, D. C.)

At the last meeting of this Association a recommendation was adopted,
This Journal, 22, 254 (1939), that the Associate Referee on Phosphoric
Acid give further consideration to the method proposed by MacIntire,
Shaw and Hardin l for the determination of available phosphoric acid.
A collaborative study of the relative merits of the proposed method and

'Ind. Eng. Chem .• Ana!. Ed., 10, 143 (1938).
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of the present official method was accordingly undertaken. The samples
submitted to the collaborators for use in this study were as follows:

Standard Samples

1. Ammoniated superphosphate containing 8.66% of NHs.
2. Tricalcium phosphate, precipitated, CaS(PO.)2.
3. Calcium hydroxyphosphate [3Ca3(PO.).]· Ca(OH)..
4. Calcined phosphate, Ross and Jacob, This Journal, 20, 231 (1937).
5. Tennessee brown-rock phosphate.

Sample 1 was prepared on a laboratory scale by making a slurry of a super
phosphate, adding an excess of ammonia, and evaporating to dryness on a steam
bath. This sample represents the maximum degree to which a superphosphate can
be ammoniated.

Sample 2 was prepared by slowly adding ammonia to a slurry of monocalcium
phosphate and calcium sulfate in the proper amount to satisfy the equation:

Ca(H2PO.)2 +2CaSO. +4NHs = Cas(PO.h +2(NH.)2S0•.
The precipitated tricalcium phosphate was filtered off by suction, washed with

cold water until essentially free from sulfates, and finally dried at 45° C. The dried
material had a P 20./CaO ratio of 0.819 as compared with the theoretical value of
0.845.

Sample 3 was prepared by digesting tricalcium phosphate (Sample 2) in boiling
water for 42 days. The water was changed each day to facilitate hydrolysis of the
tricalcium phosphate-

10Cas(PO.)2 +6H20 = 3 [3Cas(PO.).] . Ca(OH). +2HsPO•.
The calcium hydroxyphosphate prepared in this way was dried over concen

trated H 2SO. and P.O•. It had a P,O./CaO ratio of 0.774 as compared with 0.760
for the theoretical value.

Sample 4 was prepared experimentally by calcining Tennessee brown-rock phos
phate in a rotary kiln at 1400° C. in the presence of water vapor. The product
was ground to pass a Tyler 80-mesh screen.

Sample 5 was a commercial grade of ground Tennessee brown-rock phosphate.
About 98% of the material passed a 200-mesh screen and 86% a 400-mesh screen.

Directions for Analysis
A-I. Determine total and citrate-insoluble P.O. in each of the standard samples

as directed in Methods of Analysis, A.O.A.C., 1935.
A-2. Determine citrate-insoluble P,O. in each of the standard samples as di

rected in Methods of Analysis, A.O.A.C., 1935, except to take a 0.5 gram sample
in place of a 1 gram sample.

B-1. Determine available P,O. in each of the standard samples as directed in
the MacIntire-Shaw-Hardin method' for the analysis of mixed fertilizers.

B-2. Determine available P,O. in each of the standard samples as directed in
the Maclntire-Shaw-Hardin method' for the analysis of mixed fertilizers except to
take a 0.5 gram sample in place of a 1 gram sample.

C-1. As it is desirable to test the Maclntire-Shaw-Hardin method on a wide
range of fertilizers, determine available P.O. by both the official and Maclntire
Shaw-Hardin methods in such other materials and mixtures as is convenient. The
Maclntire-Shaw-Hardin method directs that a 1 gram sample be taken for the
analysis of mixed fertilizers and phosphate rock and that a 0.5 gram sample be taken
for the analysis of such concentrated and highly available materials as triple super
phosphate and calcined phosphate.

Notes
(a) It is suggested that the citrate-insoluble residues obtained in the analysis
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of the samples by the official method be washed with a 5% NH.NO. solution at
65° C. if a cloudy filtrate is obtained on washing with water.

(b) In determining citrate-insoluble P.O. in Sample 1 by the official method,
the sample should be washed with water prior to the citrate digestion. This step
may be omitted in the analysis of the other samples by this method.

The following analysts collaborated in this work:
COLLABORATORS

1. Allen, H. R. and Gault, Lelah, Univ. of Kentucky, Lexington, Ky.
2. Batton, H. C., Swift and Co. Fertilizer Works, Baltimore, Md.
3. Byers, C. R., Armour Fertilizer Works, Carteret, N. J.
4. Caldwell, R. D., Armour Fertilizer Works, Atlanta, Ga.
5. Carpenter, F. B. and Lazarus, Sam, Virginia-Carolina Chemical Corp., Ric h

mond, Va.
6. Charlton, R. C. and Levi, R. C., The Am. Agr. Chem. Co., Carteret, N. J.
7. Fraps, G. S., Ogier, T. L., Asbury, S. E., and Walker, Waldo, Agr. Expt. Sta

tion, College Station, Texas.
8. Grattan, Geo. E., Dept. of Agriculture, Ottawa, Canada.
9. Howes, C. C., The Davison Chemical Corp., Baltimore, Md.

10. Jones, W. Catesby, Dept. of Agriculture and Immigration, Richmond, Va.
11. Koch, R. C., Swift and Co. Fertilizer Works, Hammond, Ind.
12. Morgan, W. A., E. I. du Pont de Nemours & Co., Wilmington, Del.
13. Rader, Jr., L. F., Bureau of Agri. Chemistry and Engineering, Washington,

D.C.
14. Shuey, P. MeG., Shuey and Company, Savannah, Ga.

RESULTS OF ANALYSIS

Table 1 summarizes the results reported by the collaborators for total,
available, and citrate-insoluble P 205 in the standard samples when (1)
1 gram, and (2) 0.5 gram samples were taken for analysis, while Table 2
gives corresponding results for a number of miscellaneous materials and
mixtures on the basis of a 1 gram sample. Data obtained for the available
phosphoric acid in miscellaneous phosphatic materials as determined by
various modifications of the official and the Maclntire-Shaw-Hardin
methods are given in Table 3.

COMMENTS BY COLLABORATORS

H. C. Battan.-From the point of view of time required and of attention to minute
detail, I prefer the official method. However, I am convinced that the official method
does not give a true determination of the P.O. present in a reverted material that
is actually available for plant nutrition. I believe that the MacIntire-Shaw-Hardin
method comes much nearer to doing that than does the official method.

F. C. Carpenter.-We do not like the MaeIntire-Shaw-Hardin method. Some of
our results lead us to believe that equally satisfactory agreement with the values
obtained in field tests can be obtained with the official method by changing the pH
of the citrate solution.

G. S. Fraps.-When 0.25 gram of Sample 5 was used, the available P.O. obtained
by the MacIntire-Shaw-Hardin method was 16.76% of the sample, or 50% of the
total quantity present. This means that the use of this method would encourage
to an appreciable extent the substitution of superphosphate by rock phosphate in
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mixed fertilizers. This opinion is confirmed by the following results obtained by
T. L. Ogier in the analysis of six fertilizers made by mixing phosphate rock with
(NH.).SO., K.SO., and gypsum. The available p.O. was run by the MacIntire
Shaw-Hardin method. It will be noted that a large percentage of the total P.O.
is available by this method and that the method is therefore unsuited for use on
mixed fertilizers:

Fertilizer Mixture·

A B C D E F
per cent

Total P.O. 9.03 8.80 9.01 8.65 9.07 4.77
Available P,O. 3.70 2.60 3.59 3.57 3.77 2.19
Available P.O. (per

cent of total) 40.97 29.54 39.84 41.27 41.57 45.91

• All mixturea contained 20 grams of (NH.)oSO. and 8 grams of KoSO•. The rock in mixt,urea A to F
amounted to 17, 13,13,20.20, and 25 grams, respectively, and the CaSO.. to 5, 5, 9, 2, 2, and 12 grams.

P. MeG. Shuey.-Duplicate results do not agree so well by the MacIntire-Shaw
Hardin method as by the official method, and results on some samples, especially
Sample 3, seem to be entirely too high. Further, the method is more difficult to use,
especially when it is necessary to make a large number of determinations. If the pres
ent method gives results that are too low, the pH of the citrate solution can be
changed accordingly.

DISCUSSION OF RESULTS

AIl the collaborators used the volumetric method in the determination
of available P 205 and also in the determination of total P 20 5 with the
exception of L. F. Rader, Jr., who used the gravimetric method. All the
results show that the Maclntire-Shaw-Hardin method gives higher values
than does the official method for available P 20 5 in all the standard samples
with the exception of the calcined phosphate sample. Six of the thirteen
collaborators found that the Maclntire-Shaw-Hardin method gives a
lower value for available P 20 5 in this sample than does the official method
when a 1 gram sample is taken for analysis, but with two exceptions all
found that the reverse was true when a 0.5 gram sample was used.

The results show good agreement in the values for total P 20 5• The
replicated results for available P 20 5 that some of the collaborators sub
mitted with their reports also agree very well, but there was a greater
variation in the mean values reported for available P 20 5 as determined by
both the official and Maclntire-Shaw-Hardin methods. The standard de
viation from the mean (Table 1) is much greater for the available P 20 6

than for the total P 20 5 values. This is particularly noticeable for the
tricalcium phosphate and calcium hydroxyphosphate samples.

Most of the collaborators expressed a preference for the official method,
but some of them suggested that the availability of a phosphatic material
determined by the Maclntire-Shaw-Hardin method might be in better
agreement with its relative efficiency in promoting crop growth as
determined by vegetative tests.
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TABLE I.-Results obtained on standard phosphate samples by the official
method and the Maclntire-Shaw-Hardin method

AVAILABLE PHOSPHORIC ACID (p.o..) INSOLUBLE PHOSPHORIC ACID (P20.)

TOTAL MACINTmE-SBAW- MA.CINTIBE-BHAw-
COLLABORATOR p.o. OFFIClAL KllJTHOD

HARDIN MBTHOD
OFFICIAL lIiOl;THOD

HABDIN METHOD

1 0.5 1 0.5 1 0.5 1 0.5
GRAM GRAM GRAM GRAM GRAM GRAM GRA.M GRAM

pM'cem per cent per cent per cent per cent
Sample 1

1 18.68 12.49 16.93 12.98 17.25 6.19 1.75 5.70 1.43
2 18.63 12.25 15.73 13.71 17.33 6.38 2.90 4.92 1.30
3 18.53 11.63 16.93 12.20 17.40 6.90 1.60 6.33 1.13
4 19.00 11.20 14.38 11.43 16.66 7.80 4.62 7.57 2.~4

5 18.58 11.11 15.75 14.65 16.70 7.47 2.83 3.93 1.88
6 18.81 12.07 16.18 16.22 17.65 6.74 2.63 2.59 1.16
7 19.29 11.40 15.87 15.25 18.23 7.89 3.42 4.04 1.96
8 18.50 11.50 11.53 16.65 7.00 6.97 1.85
9 18.64 12.02 16.20 14.45 17.65 6.62 2.44 4.19 0.99

10 19.00 12.50 16.58 12.80 17.45 6.50 2.42 6.20 1.55
11 18.63 12.48 16.23 13.47 17.17 6.15 2.40 5.16 1.46
12 18.69 11.46 15.69 13.45 17.47 7.23 3.00 5.24 1.22
13 18.70 12.00 16.63 13.36 17.84 6.70 2.07 5.34 0.86
14 18.56 12.46 16.50 12.25 17.18 6.10 2.06 6.31 1.38

Mean 18.72 11.89 16.12 13.41 17.33 6.83 2.62 5.31 1.46
Standard deviation

from mean 0.22 0.50 0.64 1.34 0.43 0.56 0.75 1.39 0.40

Sample fJ
1 41.03 26.55 39.68 35.65 40.73 14.48 1.35 5.38 0.30
2 41.00 28.40 39.15 38.37 40.99 12.60 1.85 2.63 0.01
3 40.65 24.70 40.25 37.60 40.40 15.95 0.45 3.05 0.25
4 40.75 25.52 38.35 28.53 38.84 15.23 2.40 12.32 1.91
5 40.39 22.02 38.16 38.25 39.05 18.37 2.23 2.14 1.34
6 41.01 27.27 40.25 39.23 40.90 13.74 0.76 1.78 0.11
7 40.57 21.37 35.04 36.70 40.26 19.20 5.53 3.87 0.31
8 40.70 25.70 33.93 39.10 15.00 6.77 1.60
9 41.05 29.33 39.22 35.20 39.40 11.72 1.83 5.85 1.65

10 41.18 27.70 38.85 35.05 41.05 13.48 2.33 6.13 0.13
11 41.00 26.62 38.32 38.35 40.45 14.38 2.68 2.65 0.55
12 40.86 21.78 36.79 35.55 40.60 19.08 4.07 5.31 0.26
13 41.23 24.20 39.62 33.86 41.12 17.03 1.61 7.37 0.11
14 40.84 25.10 38.02 32.69 40.61 15.74 2.82 8.15 0.23

Mean 40.87 25.45 38.59 35.64 40.24 15.42 2.30 5.24 0.66
Standard deviation

from mean 0.23 2.37 1.40 2.77 0.80 0.71 1.28 2.78 0.64

Sample 3
1 42.10 11.40 19.02 20.78 30.43 30.70 23.08 21.32 11.67
2 42.08 17.80 24.75 21.88 30.23 24.28 18.33 20.20 11.85
3 41.90 13.05 27.50 16.55 29.60 28.85 14.40 15.35 12.30
4 42.23 11.13 14.18 17.38 24.16 31.10 28.05 24.85 18.07
5 41.53 10.66 16.27 20.71 26.88 30.87 25.26 20.82 14.65
6 42.00 11.79 23.26 24.20 31.00 30.21 18.74 17.80 11.00
7 42.00 9.42 15.50 21.59 31.46 32.58 26.50 20.41 10.54
8 41.60 15.20 18.97 27.70 26.40 22.63 13.90
9 42.25 14.73 23.93 18.90 26.40 27.52 18.32 23.35 15.85

10 42.50 10.65 18.75 16.90 30.28 31.85 23.75 25.60 12.22
11 42.25 11.20 17.50 21.60 30.13 31.05 24.75 20.65 12.12
12 42.07 10.04 16.27 20.16 27.51 32.03 25.80 21.92 14.56
13 42.31 10.33 17.14 19.73 29.77 31.98 25.17 22.58 12.54
14 41.73 10.90 17.02 19.27 28.54 30.83 24.71 22.46 13.19

Mean 42.03 12.03 19.26 19.90 28.86 30.02 22.83 21.42 13.10
Standard deviation

from mean 0.28 2.36 3.94 2.04 2.00 2.33 3.64 2.54 2.04
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TABLE I.-Continued

AVAILABLE PHOSPHORIC ACID (PsO.) INSOLUBLE PHOSPHORIC ACID (P20i)

M"AClNTIBlIt-8RA.W .. MACINTIBE-BHAW-

COLLABORATOR TOTAL OJl'll'IClAL METHOD BARDIN METHOD OFFICIAL METHOD HARDIN METHOD

P,Ot
1 0.6 1 0.6 1 0.5 0.6

GRAM: GRAM GRAM GRAM GRAM: GRAM GRAM GRAM

percent per cent per cent percem per cenl
Sample 4

1 31.10 34.26 34.55 31.45 34.80 2.84 2.55 6.65 2.30
2 31.38 33.45 33.98 34.03 35.18 3.93 3.40 3.35 1.60
3 31.80 34.05 35.00 31.43 34.80 3.15 2.80 6.31 3.00
4 31.15 31.58 34.01 31.23 34.80 5.51 3.14 5.92 2.35
5 36.83 32.93 33.91 34.10 34.92 3.90 2.86 2.13 1.91
6 31.53 34.53 34.80 34.60 36.30 3.00 2.13 2.93 1.23
1 31.00 32.54 33.80 33.14 36.30 4.46 3.20 3.86 0.10
8 36.80 32.10 34.85 4.10 1.95
9 37.45 33.89 34.13 34.33 35.80 3.56 2.12 3.12 1.65

10 31.35 33.90 33.85 35.00 35.15 3.45 3.50 2.35 1.60
11 31.35 33.95 34.23 33.65 35.61 3.40 3.12 3.10 1.68
12 31.11 33.24 34.25 32.82 35.14 3.81 2.86 4.29 1.91
13 31.03 33.95 34.26 34.06 35.51 3.08 2.11 2.91 1.46
14 31.32 34.23 34.53 33.29 34.13 3.09 2.79 4.03 2.95

Mean 31.22 33.51 34.31 33.21 35.34 3.68 2.95 3.96 1.89
Standard deviation

from mean 0.28 0.80 0.36 1.12 0.59 0.11 0.21 1.20 0.61

Sample 6
1 33.58 2.90 4.15 4.05 6.43 30.68 28.83 29.53 21.15
2 33.58 3.98 4.33 4.51 1.31 29.60 29.25 29.01 26.21
3 33.80 2.80 3.80 3.50 5.60 31.00 30.00 30.30 28.20
4 33.68 1.51 2.32 3.35 4.60 32.11 31.36 30.33 29.08
5 33.23 2.29 3.25 3.55 7.93 30.94 29.98 29.68 25.30
6 33.62 3.19 4.14 4.98 7.10 30.43 28.88 28.64 25.92
1 33.51 2.31 3.40 5.04 1.16 31.20 30.11 28.41 25.15
8 33.10 6.50 2.13 5.55 26.60 30.31 21.55
9 33.15 3.11 4.63 4.40 1.60 30.64 29.12 29.35 26.15

10 34.02 2.22 3.12 3.15 1.25 31.80 30.90 36.21 21.11
11 33.50 2.45 3.12 4.53 6.23 31.05 29.78 28.91 21.21
12 33.63 2.20 3.31 3.41 5.38 31.43 30.32 30.22 28.25
13 33.65 2.49 4.01 4.59 1.52 31.16 29.64 29.06 26.13
14 33.51 3.11 3.39 3.96 5.15 30.46 30.18 29.69 28.42

Mean 33.59 2.93 3.15 4.03 6.58 30.64 29.86 29.98 21.08
Standard deviation

from mean 0.22 1.14 0.68 0.65 1.13 1.28 0.13 1.85 1.14

The mixed fertilizers analyzed by Batton (Table 2) had undergone re-
version in storage, while the materials and mixtures analyzed by the other
collaborators, whose results are given in the same table, remained sub-
stantially unchanged. The results reported indicate that the MacIntire-
Shaw-Hardin method gives lower results than does the official method
for insoluble P 205 in mixed fertilizers that have undergone reversion in
storage, but that both methods agree quite well in the analysis of super-
phosphate and mixed fertilizers that have not reverted in storage. Mac-
Intire, Shaw, and Hardin recommend a 0.5 gram sample in the analysis
of double superphosphate by their method, inasmuch as a 1 gram sample
gives high results, as shown in Table 2.
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TABLE 2.-Results obtained on miscellaneous materials and mixtures by the official
method and the Maclntire-Shaw-Hardin method

(1 gram sample taken for analysis.)

AVAILABLE PHOSPHORIC

ACID (P,O.)
INSOLUBLlll PHOSPHORIC

Acm (P,o.)

FERTILIZER

OJ'J'ICIAL

METHOD

MACINTIRE

SHAW-BARDIN

METHOD

OFFICIAL

METHOD

KACINTIRE

BHAW-HARDIN

METHOD

18.25 17.20 17.35 1.05
13.20 12.30 12.33 0.90
13.20 12.17 12.50 1.03
11.20 10.47 10.70 0.73
13.30 12.34 12.60 0.96
10.95 10.22 10.35 0.73

Table 3 gives results obtained in the determination of available P 205
in the standard phosphate samples (Samples 1-5); in a superphosphate
high in iron and aluminum (Fe20a+AI20 3 =8.15%, Sample A-4); and in
ammoniated superphosphates that had been reverted by storage for 6
months at 75° C. (Samples 71, 141, 151, 161, and 171). Higher availability
values were obtained with the Maclntire-Shaw-Hardin method than with
the official method for all the samples with one exception (Sample A-4).
The procedure of simply digesting the sample at 30° C. with continuous
stirring in 200 m!. of Maclntire-Shaw-Hardin's citrated ammonium nitrate
solution (Method E, Table 3) gave promising results when applied to the
standard samples, but the values obtained with this procedure were
lower than those obtained with the official method for samples containing
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TABLE 3.-Available phosphoric acid in miscellaneous phosphatic materials as
determined by various modifications of the official and Maclntire-Shaw-Hardin
methods.

(1 gram taken for analysis.)
(Analyses by L. F. Rader, Jr.)

BAHPLE

NO. PHOSPHATIC IUTERUL

AVAILABLIl Pll06 (PEa CENT OF THlli TOTAL)

ABC DEI'

37.5
36.7
22.5
66.4
6.9

66.0

75.3

55.0

65.1

68.3
81.6
45.1
91.1
9.2

57.9

65.5

41.4
34.8
19.7
42.7
4.9

79.4

98.0

79.1

71.4
82.1
46.6
92.0
13.6

74.6
96.7
60.0
92.3
14.1

89.6 80.3

64.2
58.7
24.4
91.7
7.4

75.5 83.1

98.0 96.3

78.8 89.0 82.2

75.4

75.5 87.3

71.7 86.7 81.4

1
2
3
4
5

A-4

Ammoniated superphosphate
Tricalcium phosphate
Calcium hydroxyphosphate
Calcined phosphate
Tennessee rock phosphate
Tennessee superphosphate high

in iron and aluminum
71 Ammoniated Nauru Island

superphosphate
141 Ammoniated Florida pebble

superphosphate
161 Ammoniated Florida pebble

superphosphate
151 Ammoniated Tennessee super

phosphate
171 Ammoniated Tennessee super

phosphate

A-Official method.
B-Modified official method as adapted by Smith to the determination of available

MgO in dolomite. The neutral NH. citrate solution was replaced with a 6%
citric acid solution adjusted to a pH of 4.0 by the addition of NH•.

e--MacIntire-Shaw-Hardin method.
D-Modified MacIntire-Shaw-Hardin method in which the sample is digested for

30 minutes at room temperature with continuous stirring in 100 ml. of citrated
NH.NO. solution without subsequent steam digestion.

E--Modified MacIntire-Shaw-Hardin method in which the sample is digested for
30 minutes at room temperature with continuous stirring in 200 ml. of citrated
NH.NO. solution without subsequent steam digestion.

F-Modified MacIntire-Shaw-Hardin method in which the sample is steam di
gested for 30 minutes in 100 ml. of citrated NH.NO. solution without prior
washing.

iron and aluminum. The modification of the official method adapted by
Smith for determining available magnesium in dolomite gave results for
available P 20 6 that were considerably higher than those obtained with
the official method.

RECOMMENDATIONS

It is recommended-
(1) That the words, "Place 1 g of the sample on a 9 cm filter and wash

with successive small portions of H 20, allowing each portion to pass thru
before adding more, until the filtrate measures about 250 cc," Methods of
Analysis, A.O.A.C., 1935, p. 21, 13, lines 1-3, be changed to read, "Place
1 g of the sample on a 9 cm filter and wash with successive small portions
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of H 20 until the filtrate measures about 250 cc. Allow each portion of the
wash water to pass thru the filter before adding more, and wash with
suction if the washing would not otherwise be complete within 1 hour"
(final action).

(2) That the words, "Heat 100 cc of the NH4 citrate soln to 650 in a
250 cc flask ... Shake the flask every 5 min.," Methods of Analysis,
A.O.A.C., 1935, sec. 16 (a), p. 22, lines 1-8, be changed to read, "After
washing out the water-soluble P 20 6, 13, transfer the filter and residue,
within a period not to exceed an hour, to a 250 cc flask containing 100 cc
of the NH4 citrate soln previously heated to 650 in a water bath. Close
the flask tightly with a smooth rubber stopper and shake vigorously until
the filter paper is reduced to a pulp, relieving the pressure by momen
tarily removing the stopper. Loosely stopper the flask to prevent evapo
ration and return it to the bath. Maintain the contents of the flask at
exactly 65°, keeping the level of the H 20 in the bath above that of the
citrate soln in the flask. Shake the flask every 5 min." (Final action.)

(3) That a collaborative study be made of the fineness to which fer
tilizers should be ground in the preparation of samples for analysis.

REPORT ON NITROGEN*

By A. L. PRINCE (Agricultural Experiment Station,
New Brunswick, N. J.), Associate Referee

It was pointed out in last year's report, This Journal, 22, 263 (1939),
that the manipulative features of the present official method for deter
Inining water-insoluble nitrogen in organic materials appeared to be the
chief source of disagreement in results among analysts. PreliIninary work
was done last year on the actual method of washing organic materials by
five different procedures. Two of these procedures gave results that were
more consistent and reproducible than those obtained by the official pro
cedure. Hence the collaborative study carried on this year was confined to
a comparison of these two procedures with the present official method.

The detailed instructions sent out to the collaborators are as follows:

INSTRUCTIONS TO COLLABORATORS

Three samples of organic fertilizer will be submitted; namely, foreign process
tankage, ground fish, and cottonseed meal. Run each sample in triplicate for water
insoluble nitrogen by the procedures listed below.

EXPERIMENTS

Serie8 I, Regular Official Method. Place 1 gram of the sample on an 11 cm.
Whatman No.2 filter paper, moisten with ethyl alcohol (about 5 ml.) and wash with

* Journal Series of the New Jersey Agricultural Experiment Station, Department of Soil Chemietry
and Bacteriology.
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distilled water (20°-25° C.) to 250 mI. The washing must be rapid, and new addi
tions of water should be added as soon as the filter goes dry. Transfer the paper
and residue to a Kjeldahl flask and determine the N as directed under 21 or 23,
page 24, Methods of Analysis, A.O.A.C., 1935.

Series II, Regular Method (Modified). Proceed as directed in Series I, except to
do the washing slowly by allowing the funnel to drain 5 minutes between washings.

Series III, Beaker Method. Place 1 gram of the sample in a 100 mI. beaker,
moisten with ethyl alcohol (about 5 mI.), add 20 mI. of distilled water, and allow to
stand 15 minutes, with occasional stirring. Transfer the supernatant liquid to an
11 cm. Whatman No.2 filter paper and wash 4 or 5 times by decantation with dis
tilled water (20°-25° C.). Finally transfer all the residue to the filter paper and
complete the washing to 250 mI. by adding fresh additions of distilled water as soon
as the filter goes dry. Transfer the paper and residue to a Kjeldahl flask and deter
mine the N as directed under 21 or 23, page 24, Methods of Analysis, A.O.A.C., 1935.

Report the results in percentage of water-insoluble nitrogen, on the accompany
ing sheet.

The collaborators were the following:
(1) A. L. Prince.
(2) E. K. Rist, Bur. Chemistry and Soils, Washington, D. C.
(3) R. D. Caldwell, Armour Fertilizer Works, Atlanta, Ga.
(4) H. C. Batton, Swift and Company, Baltimore, Md.
(5) R. L. Johnson, Consolidated Rendering Company, Boston, Mass.
(6) W. L. Adams, Agr. Expt. Station, Kingston, R. I.
(7) C. W. Hughes, Agr. Expt. Station, Lafayette, Ind.
(8) P. McG. Shuey, Shuey and Company, Savannah, Ga.
(9) A. H. Allen, Virginia-Carolina Chemical Corp., Richmond, Va.

(10) E. F. Boyce, Agr. Expt. Station, Burlington, Vt.
(11) R. C. Koch, Swift and Company, Hammond, Ind.
(12) L. J. Hardin, Agr. Expt. Station, Knoxville, Tenn.

The data from the collaborative study for process tankage, ground
fish, and cottonseed meal are compiled in Table 1. Under Series I are
given the data for the present official method; under Series II, the official
method is modified to allow for slow washing; and under Series III, the
data are given for the beaker procedure. For the data presented in this
table the wash water was maintained at a temperature of 20°-25° C.
(normal room temperature).

Table 1 shows that there is comparatively little difference in the re
sults by all three of these methods. The extreme values obtained by the
collaborators on anyone of the three series are quite close to one another
for each material. The average results by all the collaborators, given at
the bottom of the table, show that the variations in the figures are not
significant for the ground fish and cottonseed meal. For the process tank
age the average figures do indicate a more complete washing out of the
soluble nitrogen by the slower washing method and beaker method (Se
ries II and III). Thus the average result for water-insoluble nitrogen on
the process tankage by the official method was 6.23 per cent; by the modi
fied official method to allow for slower washing, 6.12 per cent; and by the
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beaker method, 6.07 per cent. Of course, it was on porous, open-struc
tured materials, where channels might easily be formed, that the greatest
variation in results occurred when the present official method was used.
The beaker procedure (Series III) largely overcomes this variability. It
is particularly noticeable in the individual determinations made by the
various collaborators. The collaborators were able to obtain closer results
in their individual determinations by the beaker method (Series III)
than by the procedures prescribed in Series I and II.

The data for process tankage, under Series II, where the official method
is modified to allow for slower washing, also show improvement over
those obtained by the official method, since there is a more complete wash
ing out of the soluble nitrogen. This procedure, however, does not show
as good results as the beaker method and is not so practical as far as the
time element is concerned.

Material such as ground fish and cottonseed meal apparently yields
equally as good results with any of the three methods, the average for the
three series being 8.56, 8.52, and 8.56 for the fish, and 6.71, 6.69, and
6.72 for the cottonseed meal.

Although the results in general do not indicate that the present official
method gives values that are seriously in error or of great ,variability, it
does appear that the beaker procedure is a more logical and rapid method
for extracting the soluble nitrogen and would also cover more satisfac
torily those types of organic fertilizers that are open-structured and
subject to channel formations in the process of washinl!".

TEMPERATURE OF WASH WATER

The question of the effect of the temperature of the wash water has also
been raised, This Journal, 22, 268 (1939). Some data were acquired on
this point by three of the collaborators using wash water at 300 C. The
results are reported in Table l(b). It will be noted that here again it is
only the results from the process tankage that have been affected at all
by the increased temperature. Even with this material, the variation in
results from those where wash water at 200 -250 C. was used, was only
about 0.1 of 1 per cent. It is quite possible, however, that certain types
of organic fertilizers would be more severely affected by extreme variabil
ity in the temperature of the wash water, and the Associate Referee be
lieves it would be desirable to specify a definite temperature for the wash
water in the methods; namely, 200-250 C.

In last year's report on nitrogen, attention was called to the fact that an
error had appeared in the preparation of the sodium hydroxide solution,
par. (g), p. 23. A recommendation correcting this error was accepted and
should receive final action this year. Also, due to an oversight last year, a
recommendation approved by first action in 1937 concerning an addition
to the Devarda method, par. 19, pp. 26-27, was not presented for final
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adoption. It will be recommended this year. It reads as follows: "In the
analysis of nitrate salts, proceed as above, but use 25 ml. of the nitrate
solution equivalent to 0.5 gram of the sample."

TABLE I.-Per cent water-insoluble nitrogen in process tankage, ground
fish, and cottonseed meal

(Each result represents an average of three determinations.)

(a) Temperature of Wash Water 20°-25° C.

PROCESS TANKAGE GROUND FISH COTTONSEED MEAL

COLLABORATOR
BERIES SERIES SERIES SERIES SEBIES SERIES BERIES SERI1!}S SERIES

1 2 3 1 2 3 1 2 3
--------- --------- ---------

I 6.29 6.18 6.16 8.57 8.48 8.53 6.67 6.69 6.76
2 6.19 6.07 5.99 8.57 8.49 8.52 6.60 6.59 6.73
3 6.13 5.95 6.06 8.69 8.63 8.60 6.78 6.81 6.78
4 6.24 6.27 6.16 8.58 8.64 8.49 6.68 6.79 6.71
5 6.24 6.06 6.06 8.61 8.47 8.44 6.68 6.71 6.69
6 6.33 6.26 6.21 8.72 8.61 8.72 6.86 6.81 6.81
7 6.15 6.12 5.98 8.58 8.65 8.75 6.87 6.78 6.83
8 6.40 6.29 6.40 8.62 8.46 8.66 6.67 6.65 6.75
9 6.37 6.19 6.00 8.62 8.60 8.49 6.75 6.71 6.79

10 6.16 6.10 6.04 8.29 8.46 8.54 6.73 6.70 6.76
11 6.20 5.95 5.82 8.45 8.35 8.42 6.68 6.55 6.55
12 6.08 5.96 5.93 8.48 8.44 8.49 6.55 6.51 6.48

------ --------- ---------

Average 6.23 6.12 6.07 8.56 8.52 8.56 6.71 6.69 6.72

(b) Temperature of Wash Water 30° C.

1 6.19 6.02 6.07 8.45 8.55 8.50 6.68 6.72 6.73
3 6.02 8.71 6.78
9 6.13 6.10 5.92 8.58 8.54 8.57 6.67 6.68 6.70

--------- ---------
~I~

---
Average 6.11 6.06 6.00 8.58 8.55 8.54 6.72

The question of the method for standardizing acid and alkali for use in
the Kjeldahl method on fertilizers should be considered this year, since
the section on standard solutions of the A.O.A.C. has already adopted
official methods for the preparation and standardization of these solu
tions. For many years fertilizer cheInists have standardized hydrochloric
acid for nitrogen work by means of the silver nitrate method with very
satisfactory results. In fact, in many fertilizer laboratories where am
monium hydroxide is used as the base in the nitrogen work, it is necessary
to standardize the acid prior to the alkali by means of a direct gravi
metric procedure. However, when sodium hydroxide is used as the base, it
is equally as satisfactory and possibly preferable for the fertilizer chemist
to standardize the alkali, first by means of potassium acid phthalate, and,
subsequently the acid by titration. Consequently, the Associate Referee
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recommends that an additional sentence be incorporated in Methods of
Analysis, A.G.A.C., 1935, under par. 19 (a), to provide for the alternative
method of standardizing the hydrochloric acid according to the procedure
given under 5 and 6, Appendix 1, p. 682. A similar addition should be
made to par. 19 (b) on the standardization of sulfuric acid, to allow for the
alternative methods of standardizing acid solution with borax or sodium
carbonate as described in the Appendix.

Another reagent used in the nitrogen determinations that has caused
some difficulty in preparation is methyl red. According to the directions
given under par. 19 (i), 1 gram of methyl red is dissolved in 50 m!. of 95
per cent alcohol, diluted to 100 m!. with H 20, and filtered. It has been
found that when the water is added, a considerable amount of the methyl
red salt is thrown out of solution. Most reference books specify a much
weaker solution of this reagent for general use, such as a 0.2 per cent
solution. This is also the strength solution specified under par. 55 (a) in
the determination of the "Acid-forming and non-acid-forming quality" of
fertilizers. However, 8-10 drops of such a solution would be required to
give the same intensity of color as 1 or 2 drops of a 1 per cent solution.
This stronger solution is more desirable for nitrogen work. Hence, the
Associate Referee believes that a 1 per cent solution of methyl red, made
up in 95 per cent alcohol without further dilution, should be used.

During the past year a new catalyst has been suggested for use in the
determination of total nitrogen by the Kjeldahl method, especially on
cereal products. It is a copper powder manufactured by Charles Hardy,
Inc., of New York. It is used with red mercuric oxide and potassium sul
fate, and is said to reduce the period of digestion considerably. The Asso
ciate Referee has made a few preliminary determinations with this cata
lyst on a variety of organic fertilizer materialS, and the results indicate
that it warrants further study.

RECOMMENDATIONSl

It is recommended-
(1) That the beaker method for the determination of water-insoluble

nitrogen, This Journal, 22,268 (1939), be adopted as official (first action).
(2) That in the Kjeldahl method for the determination of organic and

ammoniacal nitrogen (p.23, par. 19), the last sentence in par. 19 (g) be
changed to read "A solution having a sp. gr. of 1.36 or higher may be
used" (final action).

(3) That the following paragraph be added to the Devarda method
(pp. 26-27, par. 33): "In the analysis of nitrate salts, proceed as directed
above, but use 25 cc. of the nitrate solution equivalent to 0.50 gram of
the sample" (final action).

(4) That in the Kjeldahl method for the determination of organic and
1 For report of Subcommittee A and action by the Association, see This Journal, 23, 50 (1940).
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ammoniacal nitrogen (p. 23, par. 19 (a») after the heading, "Standard
hydrochloric acid", the following portion of a sentence be added: "Proceed
as directed under 5 and 6, Appendix 1, or" (first action).

(5) That in the Kjeldahl method for the determination of organic and
ammoniacal nitrogen (p.23, par. 19 (b»), after the heading, "Standard
sulfuric acid," the following portion of a sentence be added: "Proceed as
directed under Appendix 1, or" (first action).

(6) That in the Kjeldahl method for the determination of organic and
ammoniacal nitrogen (p. 24, par. 19 (i), line 2) the phrase "dilute to 100 cc.
with H 20" be deleted (first action).

(7) That the copper catalyst, suggested in this report for use in the
determination of total nitrogen by the Kjeldahl method, be studied by
the Associate Referee.

REPORT ON MAGNESIUM AND MANGANESE*·t

By JOHN B. SMITH, Associate Referee, and E. J. DESZYCK
(Agricultural Experiment Station, Kingston, R. 1.)

This fifth report in a series on this topic is a continuation of the work
published last year, This Journal, 22, 270 (1939). Progress has been slow
because it has been necessary to establish an agronomic background for
evaluation of magnesium compounds, as well as to develop analytical
methods. Work on manganese was begun in 1937, and has progressed
more rapidly.

MAGNESIA

Emphasis has been placed on the selection of a rapid method for acid
soluble magnesia, and the development of the acid ammonium citrate
solvent for active or available magnesia. A method for the water-soluble
fraction has been studied.

COLLABORATIVE ANALYSES

Three samples containing magnesium and manganese were sent to col
laborators, and the results for both elements are included in this section.
The samples are described in Table 1. The mixtures were formulated with
the object of giving the methods a rather severe test. Sample 1 is high in
phosphates, ammonium salts, and potassium, but it was taken from a
commercial formula. Sample 2 contains more organic matter than is cus
tomary for a 4-12-4 fertilizer. Sample 3 is purposely abnormal, but makes
possible a study of the interference of zinc, copper, manganese dioxide,
and the chloride ion. Zinc and copper are frequently added to special pur-

• A review of methods for magnesia, read before the Fertilizer Division of the American Chemical
Society. Boston, Mass., September 11-14. 1939, has been published in American Fertilizer. Tables 3. 5,
and 6 of this report are taken from that review by permission.

t Contribution No. 560 of this Station.
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pose fertilizers in Florida, and may find a wider use. Manganese dioxide
is less likely to be used, but it has been suggested for study with other
manganese compounds. Chlorides interfere in the oxidation of manganese
to permanganate unless removed.

T ABLE I.-Samples for collaborative analysis

MgO Mn

8Al4PLB INGREDIENTS POUNDS
ltDi18EB- DOLO- NON-

ITlI lIITE CARRIER
TOTAL TOTAL

---------------
per cent per cent per cent per cent per cent

(1).
12-16-12 Nitrate of potash 500

Sulfate of ammonia 464
Diammonium phosphate 380
Triple superphosphate 284
Dolomitic limestone,

21.2% MgO 200
Kieserite, 24.67% MgO 100
Tecmangam, 24.84% Mn 72 1.23 2.12 0.28 3.63 0.89

(2).
4-12-4 Superphosphate 1090

Muriate of potash 156
Sulfate of ammonia 180
Cottonseed meal 350
Urea 50
Dolomitic limestone 130
Tecmangam 44 1.38 0.41 1.79 0.54

(3).
0-12-0 Superphosphate 1134

Zinc sulfate, C.P. 88
Copper sulfate, C.P. 40
Sodium chloride, C.P. 188
Dolomitic limestone 300
Kieserite 200
Pyrolusite, 54.1 % Mn 50
Tecmangam 100 2.35 3.03 0.20 5.58 2.45

(4). Kieserite, contains more than
normal moisture

(5). Sulfate of potash magnesia

Kieserite and sulfate of potash-magnesia were analyzed for water
soluble magnesium to complete the three years of collaborative work
required for an official method. The kieserite, taken from a stored sample,
contained more water than do fresh commercial stocks. This accounts for
the low analysis.



1940] SMITH: REPORT ON MAGNESIUM AND MANGANESE 249

The methodsl are as follows:
(1) Acid-soluble Magnesia by the Bartlett-Tobey Method.-The procedure pub

lished in This Journal, 22, 270 (1939) is shortened by elimination of a filtration
previous to the precipitation of Ca oxalate. Reduce the aliquot to contain not more
than 20 mg. of MgO. Partially neutralize this solution with NH.OH before adding
methyl red and change the quantity of NH. oxalate to 10 cc. for 50 cc. of solution.
After evaporating the filtrate to a volume of about 100 cc., use 5 cc. of 10% citric
acid in place of Na citrate, and eliminate the addition of 2 cc. of HCl.

In addition to the usual gravimetric method, the volumetric modification de
scribed under Method 2 was tried.

(2) Acid-soluble Magnesia by the Shuey Method.-Weigh 4 g. of sample into a
200 cc. volumetric flask, add 10 cc. of HNO. and 10 cc. of H 2SO., and boil until
white fumes appear. Allow mixture to cool somewhat, add 50 cc. of water, boil for
a few seconds, and allow to cool. Add 100 cc. of 95% alcohol, mix by giving the flask
a rotary motion, and allow to stand 2 hours or longer, swirling several times during
the first half hour. Make up to the mark with 95% alcohol, mix, and pass through
a dry filter, making sure that the removal of calcium sulfate is completed. Pipet
25 cc. of the alcoholic solution into a 250 cc. beaker, place on water bath, and evapo
rate the alcohol slowly. Dilute with 75 cc. of water, washing down the sides of the
beaker. Add 1 g. of citric acid, 10 cc. of a 10% solution of (NH.)2HPO., then add
NH.OH until alkaline to litmus. Cool by placing in cold water. Add NH.OH, a few
drops at a time, while stirring, until the precipitate begins to form. Stand 15 minutes
and add 10 cc. of NH.OH. Stir rapidly for 30 minutes or allow to stand at least 2
hours.

Gravimetric modification.-Treat the precipitate as described under the Bartlett
Tobey Method.

Volumetric modification.-Filter through an asbestos pad on Gooch crucible.
Remove excess NH. by washing with a solution of equal volumes of alcohol and water
(6-10 washings). Transfer pad and precipitate quantitatively to beaker with water.
To a volume of approximately 50 cc. add sufficient 0.1 N H 2SO. from a buret to
dissolve the precipitate, and use a small excess of the acid. Titrate the excess acid
with 0.1 N NaOH, using methyl orange as an indicator. 1 cc. of 0.1 N acid =0.00202
g. of MgO.

If Mn is present, add 1 cc. of H 2SO. to solution from above titration, and trans
fer to a 200 cc. volumetric flask. Make to volume, mix, and pipet 50 cc. of the clear
solution into a beaker. Add 5 cc. of 85% H.PO. and 0.3 g. of KIO. and heat for 30
minutes or until color development is complete. Dilute to a measured volume con
taining not more than 20 p.p.m. of Mn and compare with a KMnO. standard in a
colorimeter.

Correct the previous titration, or calculated weight of MgO, for the Mn present,
taking account of the dilutions. 0.00275 g. of Mn = 1 cc. of 0.1 N H 2SO. or 0.00202 g.
of MgO.

(3) Magnesia Insoluble in Acid Ammonium Citrate.-
Acid-ammonium-citrate solution.-Dissolve 60 g. of crystallized citric acid in 900

cc. of water. Adjust to pH 4.0 with NH.OH, using a standard potentiometric
method; 20-30 cc. of NH.OH will be required. Make to a volume of 1 liter with
water. The density should be 1.025 at 20° C.

Determination.-Extract a 1 g. sample with water as directed under II, 13,
Methods oj Analysis, A.O.A.C., 1935, p. 21. Proceed as directed under II, 16, sub
stituting the acid NH. citrate solution for the neutral NH. citrate. Omit the di-

1 Detailed changes advocated on the basis of this work appear under "Recommendations" later in the
report.
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rection for washing with 5% NH.NO•. Dry the filter and ash in a crucible. Place
the crucible in a covered beaker and boil with 15 cc. of HCl (1 +2). Remove the
crucible, washing it with water. Unless more than 20 mg. of MgO is present, dilute
to 50 cc. and determine MgO as directed by the Bartlett-Tobey method, beginning,
"Partially neutralize with NH.OH, and add a few drops of methyl red." If the MgO
exceeds 20 mg., dilute to a convenient volume, take an aliquot, and proceed as
directed above.

(4) Water-8oluble Magnesia in Magnesium Sulfate and Sulfate of Potash Mag
nesia.-The portion of this method published in· This Journal, 21, 77 (1938), is
changed to bring the determination of magnesia after solution in line with the Bart
lett-Tobey method. This is a minor change to conserve space in Methods of Analysis.

(5) Volumetric Periodate Methodfor Acid-soluble Manganese.-This Journal, 21,
277 (1938).

(6) Colorimetric Modification of Method 5.-Discussed in the report of last year
for acid-soluble manganese. The method follows:

(A colorimetric method applicable to low percentages.)

Place 1 g. of sample in a 200 cc. wide-necked volumetric flask or a 250 cc.
beaker. Add 10 cc. of H 2SO. and 30 cc. of HNO•. Heat gently until brown fumes
diminish, then boil 30 minutes. If organic matter is not destroyed, cool, add 5 cc. of
HNO., and boil. Repeat this process until no organic matter remains, and boil until
white fumes appear. Cool slightly and add 50 cc. of H.PO. solution (90 cc. of H 20,
10 cc. of 85% H.PO.). Boil for a few minutes. Cool, make to 200 cc. in a volumetric
flask, mix, and let stand to allow precipitation of CaSO•. Pipet 50 cc. of clear solu
tion into a beaker. Continue as directed in the method for Mn in grain and stock
feeds as modified in 1939, This Journal, 21, 291 (1938); 22,279 (1939), beginning,
"Add 0.3 g. of KIO. for each 15 mg. of Mn, etc." (at final dilution solution should
contain not more than 20 p.p.m. of Mn). Calculate to percentage.

Collaborators submitting results are: W. A. Bridgers, Farmers Cotton
Oil Co.; R. G. Kreiling and C. R. Byers, Armour Fertilizer Works; C. A.
Butt and A. O. Hallman, Int. Agr. Corp.; E. J. Deszyck; W. Y. Gary,
Florida Agricultural Department; John F. Hooper and C. Harry White,
Maine Agricultural Experiment Station; L. F. Rader, Jr., U. S. Depart
ment of Agriculture; P. MeG. Shuey, Shuey and Company; and Oscar I.
Struve, Eastern States Coop. Milling Corp. To these collaborators, sev
eral of whom have assisted in this work since its beginning, and to others
who have helped and advised concerning analytical and other phases of
this problem, the writers gratefully ascribe the progress that has been
made.

The results submitted are shown in Table 2, and are discussed with
other pertinent data under the appropriate headings.

ACID-SOLUBLE MAGNESIA

A major objective this year was to choose a method that is shorter than
the official method, and sufficiently accurate. The official method has been
tested thoroughly, and was not again submitted to collaborative study,
but determinations made in this laboratory are recorded in Table 2.



1940] SMITH: REPORT ON MAGNESIUM AND MANGANESE 251

TABLE 2.-Collaborators' results for MgD and Mn ( per cent)

8AMPLlIlB

COLLABORATORS

2 3 I 2 3

Djficial Method, MgD
Deszyck 3.55 I 1.75 I 5.75 I I

Bartlett-Tobey Method, MgD
Gravimetric Volumetric

Bridgers 3.52 1.67 5.58 3.66 1.58 5.58
Butt-Hallman 3.68 1.97 5.94 3.67 1.90 5.86
Byers 3.98 1.99 6.05 3.92 1.92 5.97
Deszyck 3.47 1.85 5.67 3.51 1.66 5.55
Gary 3.55 1.97 5.36 3.43 1.87 5.78
Hooper 3.52 1.94 6.08
Rader 3.53 1.76 5.60 3.69 1.81 5.78
Shuey 3.80* 1.93* 5.72* 3.80* 1.90* 5.89*
Struve 3.58 1.81 5.78
White 3.68 1.95 5.81

Average 3.63 1.88 5.76 3.67 1.81 5.77
Recovery MgO(%) 100 105 103 101 101 103

Shuey Method, MgD
Gravimetric Volumetric

Bridgers 3.59t 1.57 5.47 3.57 1.60 5.49
Butt-Hallman 3.54 1.80 5.85 3.47 1.76 5.86
Byers 4.02 1.97 6.03
Deszyck 3.48 1.75 5.74 3.54t 1.81 5.89
Gary 3.51 1.79 5.53 3.55 1.77 5.70
Hooper 3.59 1.72 5.52
Rader 3.08 1.72 5.58 3.20 1.76 5.70
Shuey 3.67* 1.90* 5.70* 3.67* 1.81* 5.89*
Struve 3.56 1.78 5.80
White 3.59 1.72 5.52

Average 3.56 1.77 5.67 3.50 1.75 5.76
Recovery MgO(%) 98 99 102 96 98 103

Acid-Soluble Mn
Volumetric Colorimetric

Bridgers 0.86 0.45 2.13 - - -
Byers 0.85 0.41 2.11 0.82 0.40 2.08
Deszyck 0.89 0.54 2.45 0.89 0.56 2.31
Gary 0.85 0.59 2.56 0.90 0.53 2.42
Rader 0.87 0.55 2.48 0.88 0.56 2.46
Shuey 0.89 0.52 2.51 - - -

Average 0.87 0.51 2.37 0.87 0.51 2.32
Recovery Mn(%) 98 94 97 98 94 95

* Mn correction from averages by other collaborators.
t Aliquot after brief standing in aloohol. After 12 hours. 1.31 %.
:t Aliquot after 2 hours in alcohol. After 16 hours, 2.62 %. Two gram sample, 3 hrs. in alcohol, 3.68 %.
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TABLE 2.-Continued

SAMPLES

COLLABORATORS

_________1 1.__2 1 _

Water-Soluble MgO
Kie8erite Sulfate of

Pota8h
Magne8ia

Bridgers - - - 23.79 10.32
Byers 0.81 - - 24.40 10.34
Deszyck 0.83 0.75 1.66 24.29 10.31
Gary 0.82 0.71 1.53 24.14 10.15
Rader 0.85 0.87 1.67 24.46 10.24
Shuey 0.78 0.78 1.53 23.87 10.26
Struve 0.77 0.81 1.50 24.20 10.21

Average 0.81 0.78 1.58 24.16 10.26

Bartlett-Tobey Method.-This method, developed at the Maine Agri
cultural Experiment Station, has been mentioned frequently in previous
reports, and has been accepted as a tentative method. It has been modi
fied in detail, but not in essentials. The special steps for dehydration of
silica found in the more conventional methods are omitted. Apparently
the silica that is soluble in the acid digestion mixture is largely dehydrated
at the boiling temperature of the solution. Originally the insoluble matter
was removed before precipitation of calcium oxalate, but these steps were
combined this year. Too great excess of ammonium oxalate for the single
precipitation of calcium brings down magnesium, and this detail has been
guarded. Partial neutralization of the acid solution before the indicator
is added prevents oxidation of the methyl red.

Iron and aluminum are not removed, but are held in solution by the
citrate ion. Magnesium ammonium phosphate is filtered after a single
precipitation, and minimum periods for standing during the formation of
precipitates are somewhat less than those usually prescribed. The pre
cipitates can be ignited to the pyrophosphate by the customary proce
dure, or washed with 50 per cent alcohol and titrated acidimetrically to
ammonium dihydrogen-phosphate, as suggested by Stolba,2 HandY,3 and
more recently by Shuey.4

When the results in Table 1 are considered, it must be remembered that
these samples were intentionally formulated to test the methods severely.
All contain manganese, and the results have been corrected for this
element in the final precipitate by the individual collaborators.

Because of interference by manganese and zinc, and other difficulties,
the results are somewhat more variable than those of previous years. The
averages are very consistent, but the average deviations from the mean

• Chem. Centr., 728 (1866).
• J. Am. Chem. 800., 22, 31 (1900).
4 Private communication.
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for Samples 1, 2, and 3 are 0.12, 0.09, and 0.17 per cent for the gravi
metric modification; and 0.12,0.10, and 0.12 for the volumetric method.
Eleven of 51 determinations differ from the mean by 0.2 per cent or more,
but nearly one-half of these are for Sample 3, a very abnormal mixture.
By segregating results from laboratories most familiar with this method,
only 2 of 27 results differ by as much as 0.2 per cent from a new mean
calculated on this basis; both of these results are for Sample 3. It cannot
be assumed from past performance that results by the more elaborate
official method would show better agreement. The correction for man
ganese introduces a second error and to this is ascribed much of the diffi
culty. As with all methods, experience adds accuracy, and it is believed
that this method will prove satisfactory.

The volumetric method, although by no means new, is unfamiliar to
most analysts. Supplementing the collaborative results, the junior author
and an assistant compared this procedure with the official and the gravi
metric modification on 69 samples obtained from commercial brands sold
in North Carolina and Maine. The results are summarized in Table 3.
Averages for the three methods agree, and the average deviations from the
official method are not large; but while less than one-fifth of the results
by the gravimetric method differ from the official method by as much as
0.1 per cent, one-third fell in this class by the volumetric method. In
general, the titration gives results more quickly than does the ignition
method, but it has a tendency to give slightly lower and probably less
uniform results. However, the collaborative results for two years have
shown no very serious defects in the method, and they seem to justify
its adoption as a tentative method. Further study of the solubility of
ammonium magnesium phosphate in the alcohol wash is desirable.

TABLE 3.-Comparison of the gravimetric and volumetric modifications of
the Bartlett-Tobey method with the official gravimetric method.

Analyses of 69 samples (1-8% MgO.)

OJTICIAL BARTLETT-TOBEY METHOD

GKA.VDDIITRIC

METHOD GRAVIMETRIC VOLUMETRIC

Average MgO (%) 2.58 2.63 2.58
Average deviation from official method (%) 0.074 0.091
Number greater than official method 58 27
Number less than official method 10 40
Within ± 0.10 of official method (%) 81 69
Within ±0.11 to ±0.20 of official method (%) 19 24
Within ± 0 .20 to ± 0.35 of official method (%) 7

The Shuey Method.-This is an adaptation of the official method, and
is published in a previous section in response to frequent requests that it
pe made /tvailable. The results in Table 2 and those pUblished in the
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previous report show that it is comparable in accuracy with the Bartlett
Tobey method, and it requires about the same working time. Like the
Bartlett-Tobey method, either a gravimetric or volumetric modification
may be used. Its principal defect is shown by the results and footnotes
for Sample 1 in Table 2. From samples containing relatively large quan
tities of ammonium salts, and possibly potassium salts, magnesium is
precipitated with calcium sulfate on standing in the alcohol solution.
This precipitation may be minimized by reducing the sample weight and
the time of standing, but an occasional unusual sample may show low
results despite these precautions.

Previous remarks concerning the volumetric modification of the Bart
lett-Tobey method apply equally to a similar modification of the Shuey
method.

Collaborators were asked to express preference for either the Bartlett
Tobey or the Shuey method. Struve and Gary prefer the Bartlett-Tobey
gravimetric method, while Bridgers likes the Shuey volumetric procedure,
and has used it in routine analysis for a year. Rader found high results for
a standard sample from the U. S. Bureau of Standards by both methods,
and by the official method as well. The percentage error averaged 4 per
cent. Deszyck has also found this average true for products with high
percentages of calcium and magnesium. Rader considers 10 washings of
calcium oxalate too many. White, Bridgers, and Deszyck noted precipita
tions of magnesium compounds with calcium sulfate from Sample 1 by
the Shuey method from long standing in alcohol, and from the large
sample prescribed. Bridgers and Hooper comment that the Shuey
method does not destroy the organic matter from Sample 2 completely,
and Bridgers supplemented the acid with sodium nitrate. White believes
that silica may interfere in some instances with the Bartlett-Tobey
method unless dehydrated more thoroughly. W. Catesby Jones5 has re
ported comparisons of seven methods for acid-soluble magnesium tried
at the laboratory of the Virginia Department of Agriculture and Im
migration. From the standpoint of adaptation to routine conditions he
concludes: "The Shuey and Bartlett-Tobey methods ran a pretty close
race for preference.... The two methods receiving most favorable com
ment by the chemist who did the work were the Bartlett-Tobey and the
Shuey methods. After considerable discussion we reached the following
conclusion, namely, that the Bartlett-Tobey method, using the acidi
metric titration suggested by Shuey, will be an ideal method for determin
ing magnesia in fertilizer, particularly when phosphoric acid and possibly
calcium are being determined in the same sample. The three determina
tions can be determined from the same solution, necessitating only one
weighing. "

H. D. Haskins and J. W. Kuzmeski state in a private communication,
• Am. Fertilizer, 91, No.7, 5 (1939).
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"The combination of the Bartlett-Tobey method with the volumetric
adaptation suggested by Shuey seems to be the best method, and the one
preferred in this laboratory."

From the evidence and opinions of collaborators, it appears that the
Bartlett-Tobey and the Shuey methods are about equal in accuracy and
time requirements. The Shuey method as now written meets the difficulty
with samples high in ammonium salts, and other salts may contribute to
the error, but this can be obviated by reducing the sample weight and the
time of standing in the alcohol solution. The cost of alcohol may be im
portant, especially in commercial laboratories. The deciding factor is the
coordination of the methods for magnesium and calcium, a very desirable
objective to keep in mind. For this purpose the Bartlett-Tobey method
has the advantage, for calcium is precipitated as the oxalate rather than
as the sulfate. It is possible that the first calcium oxalate precipitate might
be titrated directly with permanganate. To avoid contamination with
iron and aluminum, Hoffman and Lunde1l6 have suggested that calcium
oxalate be precipitated at pH 3 to 4 rather than at pH 5. W. Y. Gary
approves of this suggestion. If manganese interferes it may require oxida
tion and removal. This step would also remove iron and aluminum and
avoid the present manganese correction in the final magnesium precipi
tate. In the Shuey method the impure calcium sulfate precipitate requires
solution and reprecipitation as the oxalate, an additional step. Since the
Association prefers to authorize only the minimum number of methods to
satisfy actual needs, it seems best to adopt only the Bartlett-Tobey
method at present.

Manganese Correction.-The fractions of the manganese present in the
sample that are precipitated with the magnesium ammonium phosphate
are not constant. Averages of the corrections reported by the collaborators
show a general agreement for the Bartlett-Tobey and the Shuey methods,
equivalent to 73, 61, and 66 per cent of the manganese present in Samples
1,2, and 3, respectively. Each precipitate suspected to contain manganese
must be analyzed. After a little experience the analyst can tell from the
amount of color developed whether the correction is significant. Rader
and Deszyck reported incomplete oxidation of manganese in the precipi
tate from Sample 3 by the volumetric modifications of both methods
until more acid is added than is prescribed, but others reported satis
factory results without comment. The ratio for acidity and manganese
concentration during the oxidation with periodate needs further study.

Zinc Interference.-Gary believes that zinc compounds contaminate the
magnesium ammonium phosphate precipitate unless it is eliminated by
reprecipitation and presents the data in Table 4 to support his belief.
The differences are not large, perhaps not greater than might be de
veloped by double precipitation for other samples free from zinc, but

• J. ReBearch, National Bureau oj StandardB, 20, Research Paper RP1095 (1938).
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TABLE 4.-Effect of double precipitation of MgNH4 phosphate from
samples containing zinc.

(Data furnished by W. Y. Gary)

SA.MPLEs
ADDED MgO
Zno SINGLE PRECIPITA.TION

DOUBLE PRECIPITATION

per cent per cent per cent

1 0 4.10 4.10
2 0 2.94 2.94
3 0.1 4.26 4.22
4 1.1 5.80 5.69
5 0.8 1.02 0.95
6 1.0 2.73 2.67

they indicate a possible source of contamination. Collaborative Sample 3
was formulated to test this difficulty. The averages of the results submit
ted show consistently high recoveries of magnesia. The differences are
not significant, however, when compared with the general error of the
methods. Deszyck analyzed this sample by the Bartlett-Tobey method,
leaving out zinc sulfate as an ingredient, but including all other com
ponents from the same stocks that were used originally. After calculating
the results on the basis of the entire formula, he found no error caused by
zinc. The results with and without the zinc carrier were identical. Lundell
and Hoffman7 include zinc among the elements held in solution by the
citrate ion. It seems unlikely that amounts of zinc equivalent to one
per cent of zinc oxide or less in a fertilizer will cause serious difficulty with
either of the methods discussed.

ACTIVE OR AVAILABLE MAGNESIA

This is the most difficult fraction to define and determine. The writers8

have attempted a summary of the status of this topic recently, and a
paper, on the same subject is to be read by E. R. Collins at this meeting
(see p. 373). Therefore, only a brief outline will be included in this report.

Probably all will agree that water-soluble compounds are completely
a vailable at the time of application. Magnesium phosphates and mag
nesium ammonium phosphate in quantities greater than appear in ferti
lizers are soluble in neutral ammonium citrate and classify the phosphate
as available. If the phosphate portion of the molecule is available, the
magnesium must be, also.

Hydrated dolomites, selectively calcined dolomites, and magnesium
oxide are more reactive than dolomitic limestone, and are assumed to be
relatively available substances. The portion changed to phosphates by
fertilizer reactions would be fully available.

The greatest uncertainty is caused by the cheapest source of mag-

1 Outlines of Methods of Chemical Analyses, page 70. John Wiley and Sone, Inc. (1398).
8 Loc. cit.
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nesium, dolomitic limestone. This is accepted universally as a liming
material, but many question its adequacy as a single source of magnesium
in a fertilizer mixture, especially for seedling stages of growth before the
limestone has had sufficient time to decompose, for extreme deficiency,
for sandy soils, for soils of low acidity, and for surface application. It has
been proved that dolomites in contact with soil are less reactive than calcic
limestones, but that the rate of decomposition is increased by fIDe grind
ing, soil acidity, and acid-forming fertilizers. Other factors are the physical
and chemical constitution of the limestone, buffer capacity of the soil;
and, probably, soil temperatures, moisture, biological state, and the action
of plant roots.

Obviously, no single laboratory method can reflect all these variables.
If a method is desired, it must be based on average conditions, and in
terpreted on that basis.

In the paper mentioned previously, the writers attempted to make a
summary of the published data on this topic. Only the portion bearing
directly on the rate of decomposition during a single growing season will
be repeated here. Several methods have been used to determine this.
Probably the determination of undecomposed carbonates at intervals is
considered the most reliable method. Others are the relative removal of
magnesium by plants, comparison of the unknown compounds with
sources known to be available, relative effect on soil pH, and the relative
increase of water-soluble magnesium in soil, as compared with soluble
magnesium compounds. Most of the work has been done with pot
cultures.

The data available are grouped arbitrarily in Table 5, with citations of
the sources. All methods were given equal weight in calculating the
averages, but the data based on carbonate residues were more numerous,
and have the greatest influence on the averages. Many of the results are
based on three dolomites furnished by W. H. Ross. One of these is a com
posite from three quarries, and the results have been considered as the
averages of three dolomites. The qualitative effects of soil acidity, particle
size, individual dolomite, and time are evident. The quantitative averages
in many instances are calculated from widely varying data, few soils and
dolomites, insufficient numbers of trials, and varying methods of ap
plication and measurement of decomposition. Further work will provide
more reliable data, but these indicate the general trends to be expected.

Attention is directed particularly to the averages for soils from pH
5 to 5.6, in contact with dolomites for 50-85 days. These are considered
important for several reasons. Magnesium deficiency is not restricted to
soils in this category, but much of it occurs here. Less acid soils are less
likely to be deficient, unless the calcium is so high as to decrease the avail
ability of the magnesium present. The time period is sufficient to include
the most critical portion of the growth of most crops. The soils used were
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of medium texture, sandy loams to very fine sandy loams. Unfortunately,
data were not found for soils of pH 5.6to 6,for this is an equally important
group. Decomposition would be slightly slower for such soils; also for
more sandy soils. Heavy, more highly buffered soils should prove more
active in dolomite decomposition.

When all these factors are taken into account, it seems conservative to
estimate that ordinary dolomites in the average soil at pH 5-5.5 for two
or three months will decompose at about the following rate: 20-40 mesh,
15 per cent; 40-60 mesh, 25 per cent; 60-100 mesh, 50 per cent; 100-200
mesh, 60 per cent; finer than 200 mesh, 75 per cent. Criticism and revision
of this tentative estimate are invited.

Further confirmation of these estimates is furnished by MacIntire and
Shaw.9 This work was not included in the grouping of results, because the
pH of the soil used was not known. This has since been supplied by the
authors. Dolomite equivalent to 3570 pounds of calcium carbonate was
placed in the upper half of fallow pots containing fairly well buffered clay
loam, although a lighter phase than many clay and silt loams of the
region. The pH was 5.6. The pots were sunk in soil April 1, and watered
only by natural rain fall. Determinations of residual carbonates showed
the following rates of decomposition: 20-40 mesh, May 1, 4 per cent;
June 1, 17 per cent; July 1, 30 per cent. At the same dates the decomposi
tion of 60-100 mesh was 30, 43, and 51 per cent, respectively.

To make these estimates useful some laboratory method is necessary
for fertilizer mixtures. It must dissolve water-soluble compounds, phos
phates, and portions of dolomite to correspond with the fractions sug
gested above, or others that may be selected. Several solvents have been
tried. Shaw, This Journal, 22, 237 (1939), finds that steam distillation
of dolomite with a=onium chloride and titration of the distilled am
monia give results proportionate to particle surface. He suggests this as
a possible measure of limestone availability.

Whittaker, Rader, and Zahn, Ibid., 180, compared the solubility of a
IOO-mesh dolomite alone, and mixed with monocalcium phosphate, super
phosphate, and double superphosphate. Their solvents were 2 per cent
citric acid, the official neutral a=onium citrate, a citrate and ammonium
nitrate solution suggested by Maclntire, Shaw, and Hardin10 for phos
phates, and ammonium citrate at pH 4 as suggested by the same authors
in previous reports. For use in the determination of available magnesium,
the 2 per cent citric acid dissolved too much of the dolomite, and the
neutral ammonium citrate too little. Of the other two solutions, digestion
with the citrate and a=onium nitrate solution dissolved the more mag
nesium. Which is more nearly a measure of the reactivity of this particu
lar dolomite in soil cannot be stated. From the data in Table 5 either
might apply.

• J. Am. Soc. Agron., ZZ, 272 (1929).
10 Ind. Eng. CMm., Anal. Ed., 10,143 (1938).
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Four per cent citric acid brought to pH 4 with ammonium hydroxide,
also studied by Kuzmeski, This Journal, 22, 147, 270 (1939), showed
promise, but did not give satisfactory duplication in other laboratories, and
manipulation near the boiling point of the solvent proved undesirable.
Since all fertilizer laboratories maintain a constant temperature bath
at 65° C. for the determination of available phosphoric acid, several con
centrations of ammonium citrate were tried for one hour at this tempera
ture, and the acidity was varied. The dolomites and fertilizer mixtures
were those furnished by W. H. Ross and described by Dawson, Snyder,
Leighty, and Reid, Ibid., 137, also by Collins and Speer, Ibid., 142. They
form the basis of many of the results in Table 5. The greatest success was
had by treating leached samples with 6 per cent citric acid brought to
pH 4 with ammonium hydroxide. The results, which appear in Table 6,
show a considerable degree of correlation with the tentative estimate of
the decomposition of the various separates of average dolomites as de
duced from the data in Table 5. As noted in previous work and by Whit
taker et al. in the paper cited previously, the dolomite is more reactive
alone than in the fertilizer mixture. This fact makes it impossible to esti
mate the solubility of dolomite in a mixed fertilizer from a preliminary
analysis of the limestone, and reduces the usefulness of the method ma
terially. Greater accumulation of calcium citrate in the solution from
fertilizers than from the 0.2 gram samples of dolomite is a possible cause.
If true, it may be possible to overcome the difficulty by adding calcium
phosphate to the solution when working with dolomite alone, and thus
create conditions inore similar to the leached residues that react when
fertilizers are used as samples. This detail is now being studied. In its
present stage the method is published as Method 3 of this report. Col
laborators' results (Table 2) show excellent agreement. However, if the
citrate-insoluble magnesia from ingredients other than dolomite are sub
tracted from the averages of these results, the same dolomite in the three
samples shows different degrees of reactivity. Of the magnesia added in
dolomite, 66, 55, and 50 per cent were decomposed for Samples 1, 2, and 3,
respectively. Sample 1 contains triple superphosphate and is composed
largely of water-soluble ingredients. Samples 2 and 3 have superphos
phate, and Sample 2 has cottonseed meal.

Apparently the decomposition of dolomite in these mixtures was af
fected by the different water-insoluble ingredients. This condition must
be studied further and overcome if possible.

Manganese, even manganese dioxide, did not interfere significantly.
Rader found that bromophenol blue and bromocresol green show salt
effect with the ammonium citrate solutions, causing results 0.2 pH higher
than those by the glass electrode. Deszyck has been unable to confirm
this, but such errors are to be expected. Until this can be investigated
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TABLE 6.-Correlation of the rate of decomposition of dolomite in soil, and solubility
in an acid ammonium citrate solution by Method 3 of this report

SOLUBn.ITY

DOLOMITE-
DECOMPOSITION

MESH
IN SOILt WITH 6-8-6

FERTILIZER
ALONEt

percent percenl per cenl
A 20- 40 15 21 41
A 40- 60 25 33 51
A 60- 80} 50 41 71
A 80-100 50 70
A 100-200 60 52 76
A Finer than 200 75 78 93
A Mixture of separates} 46 68
B Mixture of separates 50 64 74
C Mixture of separates 26 52

* Dolomites and 6-8-6 fertilizer base supplied by W. H. Ross, U. S. Dept. of Agriculture for many of
the soil studies summarized. in Table 5. A is..a composite of 3 widely used dolomites from different quarries;
B, a very soluble dolomite; and 0, a less soluble type. Fertilizer base contains ammoniated superphosphate,
C.P. ammonium sulfate, and potassium. chloride.

t From Table 5. Data not restricted to the dolomites listed in this table.
t 0.2 gram charge.

more thoroughly, only standard potentiometric methods for adjusting the
solution to pH 4 are advised.

The changes made this year seem to be improvements, and some
analysts have urged recommendation of the technic as a tentative method.
Others, however, believe that the variability of soil conditions affect the
decomposition of dolomite to such a degree that interpretation of the
results by this method would be impossible. Another criticism is that the
"availability" is not effective at once, but only over the entire season. If
doloInite is the only source of magnesium, seedlings Inight not receive
a sufficient supply. The Associate Referee recognizes these liInitations
and others. He has stated many times that if a method is desired, it must
be accepted by a sufficient number of agronoInists and soil and fertilizer
chemists to give it weight. It is evident that there is not sufficient support
at present to justify more than continuation of this work.

WATER-SOLUBLE MAGNESIA

The method for magnesia in water-soluble carriers before adInixture
with other ingredients has been changed in a Ininor detail to allow deter
Inination of the dissolved magnesia by the Bartlett-Tobey method, now
tentative, but expected to become official. This is to simplify publication
and for laboratory convenience. The results reported this year are in
excellent agreement for sulfate of potash magnesia. In general the results
for kieserite are in agreement, although two analysts find less than the
others. The sample was taken from a stock that had adsorbed consider
able moisture. It was dried for several days at 1000 C., reground, and
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mixed thoroughly, but still contained more than the usual water of
crystallization, and may have been less uniform than is desired. In
general, the method as now written seems satisfactory.

No work was done this year on water-soluble magnesia in mixtures.
Previous work has shown that boiling a sample with water will recover
added water-soluble compounds, and include water-soluble magnesium
phosphates that result from reactions with various magnesium carriers,
and appreciable quantities of compounds usually considered insoluble,
such as dimagnesium phosphate and magnesium ammonium phosphate.
Increasing the volume of water will increase the quantities of these com
pounds of low solubility that may be included in this fraction.

Two products that are new as fertilizer ingredients introduce uncer
tainty with respect to this method. These are the selectively calcined
dolomite described by MacIntire, Hardin, and Oldham,ll and magnesium
oxide obtained from sea water after removal of the sodium chloride.12

Whittaker, Rader, and Zahn13 found this material very reactive in ferti
lizer mixtures, and discuss its possibilities and limitations. Both these
products are very reactive in fertilizers, and doubtless in soils as well.
However, boiling a sample containing these ingredients with water will
carry the reactions farther than could happen in dry mixtures, and this
may be true to a lesser extent with wet mixtures. Thus, water-soluble
products might be created by the technic. If these compounds form with
the same rapidity in the soil, or if magnesium oxide is agronomically
equivalent to water-soluble carriers, this method of measurement would
be feasible. At present this appears to require proof.

MANGANESE'

The question of the relative usefulness of manganese compounds has
not been raised, which makes this problem more simple than the work
with magnesium. The work has been a continuation of that reported last
year. Methods have been rewritten in minor detail for clarity and ac
curacy. The most troublesome factor in the periodate oxidation is the
relation between acidity and manganese concentration, and it is hoped
that this is controlled by the methods as now written. Gary reports that
0.3 gram of potassium periodate for 15 mg. of manganese was insufficient,
especially for Sample 3, but others obtained very satisfactory results and
reported no difficulty.

The results in Table 2, both by the volumetric and the colorimetric
modifications, show satisfactory agreement. Apparently copper sulfate
equivalent to 0.5 per cent cupric oxide caused no trouble in the colori
metric method, although this element in sufficient concentration must
interfere because of its color. Slightly less than the calculated percentage

U Ind. Eng. Chem., 30, 651 (1938).
12 Am. Fertilizer, 91 (No.8), 14 (1939) .
.. Ibid., No.6, p. 9.
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of manganese was recovered, but the differences are within allowable
limits for such methods. Pyrolusite is not expected to become a fertilizer
ingredient, but would be included by these methods if present.

The volumetric method is necessary for the analysis of manganese
carriers, and mixtures high in manganese, and is applicable to fertilizers
in general. It is preferred by Gary to the colorimetric method. Rader
emphasizes the fact that the ferrous sulfate solution is unstable, even in
dilute sulfuric acid solution, and requires frequent restandardization.

The colorimetric modification is simple, and much more rapid than the
volumetric method. It appears to work well with manganese up to 2 per
cent. To save space in Methods of Analysis, A.O.A.C., 1940, it has been
written in conjunction with the method for manganese in stock feeds,
This Journal, 22, 78 (1939), adopted last year as tentative and rewritten
to change minor details this year.

Both modifications discussed in this section appear to satisfy a need,
and are recommended.

RECOMMENDATIONsa

It is recommended-
(1) That the method, entitled "Magnesia in water-soluble compounds,"

This Journal, 21, 77 (1938), adopted as official (first action) last year be
brought in line with the Bartlett-Tobey method as recommended this
year, by deletion of the remainder of the method after the words, "Trans
fer an aliquot," in line 2, and substitution of the words, "continue as in
the Bartlett-Tobey method, beginning "Transfer an aliquot containing
not more than 20 mg of MgO." That, with this change, the method be
adopted as official (first action).

(2) That the Bartlett-Tobey method for acid-soluble magnesia, This
Journal, 22, 270 (1939), adopted as tentative last year, be changed as
follows: Lines 2, 3, delete "filter thru a dry filter paper, and transfer a 100
cc aliquot to a 400 cc beaker." Substitute, "and transfer an aliquot of
the clear soln containing not more than 20 mg of MgO to a beaker.
Partially neutralize with NH40H."

Line 5, change to read, "add 10 cc of a saturated soln of NH4 oxalate
for each 50 cc of soln." Lines 10, 11, delete "To the filtrate add 2 cc of
10% Hel" and change to read, "evaporate the filtrate to a volume of
approximately 100 cc and add 5 cc of a 10% citric acid soln." Line 13,
delete "If the fertilizer does not contain soluble phosphoric acid." That
with these changes the method be adopted as official (first action).

(3) That the section of this report labeled "Volumetric Modification"
under Method 2 of this report and changed in line 1 to read, "Filter the
precipitate of MgNH~04 from the Bartlett-Tobey method through an
asbestos pad on a Gooch crucible" be adopted as a tentative method for
acid-soluble magnesium.

.. For report of Subcommittee A and aotion by the Association, see Thu Journal, 23. 50 (1940).
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(4) That the study of methods for acid-soluble, water-soluble, and
active magnesia in fertilizers be continued.

(5) That the method entitled "Acid-soluble manganese in fertilizers
and manganese salts," This Journal, 21,292 (1938), changed last year to
include 25 cc of H 2S04, per liter of 0.0910 N FeS04' be further changed as
follows: Line 11, delete entire line, "either as the dry salt, or more con
veniently from a solution of known concentration." Line 12, change to
read, "Heat below the boiling point." Line 16, delete the word "thick."
That with these changes, the method be adopted as official (first action).

(6) That the colorimetric method for acid-soluble manganese published
as Method 6 of this report be adopted as tentative.

(7) That methods for manganese in fertilizers be studied further.

REPORT ON POTASH

By O. W. FORD (Purdue University Agricultural Experiment
Station, West Lafayette, Ind.), Associate Referee

In accordance with the recommendations of the Association, This
Journal, 22, 288 (1939), referee work was conducted this year both by
questionnaire and by collaboration. To obtain information on the use of
factor weights and factor pipets and the need for additional platinum
solution concentrations the following questionnaire was sent to 68 control
officials and commercial cheInists:

Questionnaire on Potash in Fertilizers

(5) Many have urged that the use of factor weights and factor pipets be consid
ered as an option in the determination of potash in fertilizers. If you consider the
use of either or both to be an advantage, please check below and return.

a. I consider the use of 8 factor weight an advantage. Yes or No. If so, list
weight and conditions of use.

b. I consider the use of a factor pipet an advantage. Yes or No. If so, list size
and calculations.

(9) Many have indicated that there is a need for additional platinum solution
concentrations beyond the 1 and 0.2 gram platinum in 10 ml. now provided. If
such is your opinion, please check below and return.

a. A platinum solution concentration should or should not be provided between 1
and 0.2 gram in 10 mI.

b. A platinum solution concentration should or should not be provided lower
than 0.2 gram platinum in 10 mI.

c. The present platinum solution concentrations are adequate or not adequate.

A summary of the replies to parts a and b of section (5) of the question
naire appears in Table 1.

Of the five collaborators favoring a factor weight, one suggested the
use of 1.9376 grams made up to 200 ml. instead of the official 2.5 grams to
250 ml. Another suggested that both a factor weight and a factor pipet
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TABLE I.-Use of factor weights and factor pipets

265

NUMBER 01' NUMBER RET
9
D NUMBER

NUIIBE8J'AVORING NUMBER FAVORING

QVJlISTIONNAIBJDS NOT
FACTOR WEIGHTS A. PACTOR PIPETS B

BENT OUT REPLYING
>lAlU<ED UNJURXED TES NO YES NO

68 43 4 21 5 35 4 34

might be an advantage if they were not too smalL Of the four favoring
the use of factor pipets three favored a pipet of 19.38 ml. capacity (C. M.
Sible patent) or some multiple of it and they used it as shown in Table 2.

TABLE 2.-Illustrating use of factor pipets

POTA,8BIN SOLUTION BAMPLlD
TO CONVl!lRT WEIGHT

MATERIALS USED REPRESENTED
K,PtCl, TO % K,O

DIVIDE BY

per cent mi. flTam

Up to 4 58.15 0.5814 0.03
4 to 20 38.76 0.3876 0.02
above 20 19.38 0.1938 0.01

Although the number favoring the use of factor weights and factor
pipets is relatively small compared to those opposing their use, there
seems to be sufficient argument in their favor to consider them as options.

A summary of the replies to parts a, b, and c of section (9) of the ques
tionnaire appears in Table 3.

TABLE 3.-Need for additional platinum solution concentrations

NlDrIBEB OJ'
NUMBER RET'» NU>lBER PART.&. PA-RTB PART C

QUESTION-
NOT

NAIRES
>lARKED UN')IARKED REPLYING YES NO NO

SENT OUT
YES YES NO

68 42 2 24 4 35 1 37 34 4

Although most of the replies indicate that the present platinum solution
concentrations are adequate and many indicate that the matter should
be left to the discretion of the individual chemist four replies indicated
that a concentration about midway between the two present concentra
tions should be permitted. Therefore it will be so recommended.

PLATINUM RECOVERY

In order to recommend one or more methods for the recovery of plati
num, copies of the four methods presented at the 1938 meeting were sent
to 14 different chemists with instructions as follows:

(7) Prepare at least 50 mi. platinum solution representing 5 grams of metallic
platinum by each of the enclosed four methods, listing below remarks and choice of
method or designating a method of your own choice (X).
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a. I consider method 1) 2) 3) 4) or satisfactory.
b. I consider that this should be entirely optional. Yes or No.

The response to this part of the work was not favorable. One direct
reply was received. This favored Method 2, with a substitution of alumi
num in place of zinc in order to get away from impurities introduced by
zinc. Indirectly there were four other replies stating that the recovery of
platinum should be left to the discretion of the individual chemist.

In view of the lack of direct response it will be recommended that the
four methods reported in 1938 be held as tentative and that this study
be continued.

PREVENTION OF FOAMING

In accordance with the recommendation that a collaborative study be
made of some modification of the present official method to prevent foam
ing during the boiling of the sample, three samples of fertilizer and a
small bottle of defoamer were sent to 14 different chemists with the fol
lowing instructions:

(10) To prevent foaming during the preparation of the sample some have sug
gested the addition of a small amount of a defoamer. To check the effect of this
defoamer, determine the potash on Samples 97, 98, and 99 as follows:

a. Prepare six different solutions on each of the above samples and determine
the potash, using the regular method of preparation of solution (no defoamer
added).

b. Prepare six different solutions on each of the above samples and determine
the potash, adding 1 mI. of the defoaming solution (defoaming solution, 20
grams of diglycol stearate dissolved in"-) before the solution is heated.

List the individual determinations of each sample by each method and any com-
ment pro or con.

K 20 value of Sample 97 is about 6.0%.
K 20 value of Sample 98 is about 20.0%.
K 20 value of Sample 99 is about 4.0%.
Please find enclosed small sample of defoamer.

1 1 liter of mixture of equa! parte benzol and 95 % ethyl alcohol.
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TABLE 4.-Collaborative study on the effect of a defoamer*

NUMBER

ANALYST o~ BAKPLE 97 BAJ<PLE 98 BAKPLE 99
NmlBllR AN'ALY- mOB LOW AVERAGE mOB LOW AVJm.AGlII mOB LOW AVEJt.A.GB

BEB

Use of a defoamer
3 3 5.78 5.60 5.70 19.86 19.50 19.70 5.40 5.02 5.29
7 6 6.47 5.77 6.06 20.16 19.38 19.76 5.73 5.52 5.60
8 2 5.98 5.88 5.93 19.68 19.46 19.57 5.50 5.40 5.45

11 6 6.07 5.80 5.96 19.92 19.92 19.83 5.40 5.24 5.33
13 2 6.06 6.01 6.04 19.92 19.62 19.77 5.57 5.50 5.54
15 11 6.13 5.84 5.98 20.30 19.52 19.86 5.76 5.59 5.67
16 3 5.57 5.44 5.52 19.16 19.03 19.08 5.58 5.36 5.44
17 6 6.05 5.89 5.98 19.65 19.49 19.58 5.58 5.43 5.49
18 2 5.96 5.94 5.95 20.90 20.80 20.85 5.76 5.70 5.73
19 6 6.09 5.88 6.00 20.04 19.76 19.86 5.69 5.58 5.66

Average 6.02 5.81 5.92 19.96 19.63 19.79 5.59 5.43 5.52

Without using a defoamer

3 3 5.74 5.50 5.65 20.18 19.40 19.75 5.33 5.15 5.22
7 6 6.15 5.97 6.05 20.30 19.38 19.81 5.71 5.46 5.60
8 2 6.00 5.98 5.99 19.64 19.54 19.59 5.56 5.33 5.45

11 6 6.17 5.99 6.05 20.04 19.52 19.80 5.78 5.37 5.51
13 2 6.01 5.90 5.96 20.06 19.84 19.95 5.68 5.45 5.57
15 12 6.11 5.80 5.98 20.26 19.40 19.88 5.65 5.39 5.52
16 3 5.35 4.81 5.07 19.48 18.91 19.12 5.10 4.91 5.01
17 6 6.08 5.93 5.99 19.65 19.45 19.56 5.58 5.43 5.49
18 2 5.91 5.88 5.90 20.93 20.85 20.89 5.69 5.62 5.66
19 6 6.16 5.95 6.08 20.02 19.76 19.94 5.63 5.55 5.59

Average 5.96 5.76 5.87 20.05 19.60 19.83 5.56 5.36 5.46

* DefoRmer concentrRtion-20 grRms diglycolsteRrRte (tech.) in IUter of mixture of equal parts ben-
zol and 95 % ethyl alcohol. I mi. of defoRmer used per detsrmination.

decided help. Diglycol stearate will therefore be recommended to prevent
foaming.

DISSOLVING AND REWEIGHING K.PtCla VERSUS FILTRATION
AFTER IGNITION AND SOLUTION

In accordance with the recommendation that a study be made of the
determination of potash by dissolving out the potassium chloroplatinate
and reweighing in place of "filtration after ignition and solution,"
Sample 96 was sent to 14 chemists with the following instructions:

Prepare a sufficiently large composite solution from Sample 96 for twelve potash
determinations as follows.

a. Make twelve potash determinations by the regular method, making no cor
rection for residue.

b. Make twelve determinations of potash by dissolving out the K.PtCl" and
reweighing.
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c. Make twelve determinations of potash by filtering after ignition and solution
before precipitation of the potash with H.PtCle•

List the twelve individual determinations of each sample by methods a, b, and c
and indicate whether the ignitions were in silica or platinum dishes, and type of
filter, whether asbestos padded Gooch or glass sinter. If latter list number and poros
ity and approximate final temperature of ignition in degrees C.

Total number of potash determinations, 36.

The results of the nine collaborators are given in Table 5. The high,
low, and average potash results by Method A are all higher than the cor
responding results by both Methods Band C. Taken as a whole there is a
greater variation between the high and low results by Method A than by
Methods Band C. Another result submitted by CheInist 1 after the
averages had been made indicates a value of 24.06 for Method A and 23.66
for Method B, ignition being carried out in platinum at 7500 C. This dif
ference of .4 per cent is about what would be expected when Methods A
and B are used on Sample 96. The results also indicate that there is very
little difference between Methods Band C. The expressions of various
cheInists indicate that Method A is not safe for mixed fertilizers. Many
contend that the use of either Method B or C would remove the objection
to the present method both in regard to the water-insoluble residues that
are often encountered and to the fact that the potash as determined by

TABLE 5.-Collaborative results on potash

Dissolving out the K.PtCle and Reweighing
versus

Filtration after Ignition and Solution
Sample 96

NUMBER
ANALYST OF METHOD A METHOD B :METHOD C

NUMBER ANALT- HIGH LOW AVERAGE HIGB LOW AVERAGE HIGH LOW AVERAGE

SES

1 12 23.74 23.64 23.79 23.44 23.34 23.38 23.58 23.42 23.51
2 12 24.06 23.84 23.94 24.06 23.63 23.81 24.04 23.84 23.95
5 12 23.40 23.20 23.31 22.96 22.80 22.88 22.96 22.76 22.87
6 12 23.70 23.35 23.52 23.80 23.30 23.61 24.15 23.80 23.99
8 6 23.88 23.42 23.58 23.34 23.24 23.31 23.38 23.26 23.33
9 12 23.74 23.44 23.61 23.48 23.20 23.32 23.42 23.16 23.26

12 12 24.03 23.92 23.96 23.92 23.76 23.85 24.07 23.92 23.98
14 12 23.98 23.82 23.90 23.72 23.58 23.65 23.90 23.81 23.85
20 8 23.08 22.30 22.77 22.38 21.80 22.19 22.30 21.63 22.03

Average 23.73 23.44 23.59 23.45 23.19 23.33 23.53 23.29 23.42

Max. Variation .98 1.62 1.19 1.68 1.96 1.66 1.77 2.29 1.95

Method A. Regular method-no correction for residue.
Method B. K.PtCle dissolved out and Gooch reweighed.
Method C. Filtration of insoluble residue before precipitation with H.PtC!e.
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Method A at present is not all water-soluble. In view of the reaction to
the method as it now stands it will be recommended that potash in mixed
fertilizers be determined by Method B.

1 MM. DEGREE OF FINENESS VERSUS 1 MM.

To determine the effect of the fineness of grinding on the uniformity of
potash results two samples of fertilizer of I mm. and i illill. degree of
fineness, respectively, were sent to 13 chemists with the following in
structions:

(11) That a collaborative study be made of the degree of fineness of grinding,
with a view to elimination of the errors resulting from the non-uniformity of the
2.5 gram samples weighed out for the official potash determination.

1 mm. degree of fineness versus 1 mm.
Determine the potash by the regular method on Samples 100X, 100Y, 101X,

and 101Y as follows:
a. Weigh twelve 2.5 gram samples from samples 100X and 10lX and determine

potash in each of the twelve solutions of each sample.
b. Weigh twelve 2.5 gram samples from 100Y and 10lY and determine the

potash in each of the twelve solutions of each sample.
List each individual determination of each sample by Methods a and b.
K.O value of sample IOOX and lOOY is about 20%.
K.O value of sample lOlX and 101Y is about 50 %.
Total number of potash determinations, 48.

Although the uniformity of results obtained by the 10 collaborators in
the case of the two samples ground to pass! mm. over that of the two
samples ground to pass I mm. was not so good as that reported by Ford,
This Journal, 22, 285 (1939), the trend is still in favor of grinding samples
to pass ! mm. sieves. Examination of the variations will reveal that they
are less between IOOY and IOOX than they are between 101Y and IOIX.
This was to be expected since all the chemists would determine the potash
in IOOY and 100X by 43(a), while it is possible that some might have
determined the potash in IOIX and IOIY by 43(b), without testing to
see if interfering substances were present. This would tend to produce
higher potash values unless the potash was washed out and reweighed or
dissolved and filtered before being precipitated. Notation of those mak
ing such corrections may be found in the comments by the collaborators.
Many other chemists have reported that they are in accord with a recom
mendation to grind finer in the cases of samples that are hard to check.
With this in mind it will be recommended that the official method for the
preparation of the sample be changed to permit grinding finer than the
I mm., now official.

COLLABORATORS

(I) Allen, H. R., Agr. Expt. Sta., University of Kentucky, Lexington,
Ky.
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(2) Batton, H. C., Swift & Co., Fertilizer Works, Baltimore, Md.
(3) Boyce, K F., Agr. Expt. Sta., Burlington, Vt.
(4) Hand, W. F., Mississippi State Chem. Lab., State College, Miss.
(5) Hare, C. L., Dept. of Chemistry, Ala. Polytech. Inst., Auburn, Ala.
(6) Hoffman, A. E., Darling & Company, East St. Louis, Ill.
(7) Howes, C. Clifton, The Davison Chemical Corp., Baltimore, Md.
(8) Hughes, C. W. Agr. Expt. Sta., Lafayette, Ind.
(9) Ingham, R. K, F. S. Royster Guano Co., Macon, Ga.

(10) Jones, W. Catesby, Dept. of Agr. & Immigration, Richmond, Va.
(11) Kerr, A. P., Dept. of Agr. & Immigration, Baton Rouge, La.
(12) Koch, R. C., Swift & Co. Fertilizer Works, Hammond, Ind.
(13) Merwin, R. T., Agr. Expt. Sta., New Haven, Conn.
(14) Powell, R. D., Virginia-Carolina Chemical Corp., Richmond, Va.
(15) Smith, Richard M., Chemical Division, Agr. Dept., Tallahassee,

Fla.
(16) Midgley, M. C., Agr. Expt. Sta., Pullman, Wash.
(17) Struve, Oscar 1., Eastern States Coop. Milling Corp., Buffalo, N. Y.
(18) Thompson, S. K., Dept. of Agriculture, Charleston, W. Va.
(19) Trimble, C. E., The American Agr. Chemical Co., Carteret, N. J.
(20) Webb, H. J., Clemson Agr. College, Clemson, S. C.

COMMENTS OF COLLABORATORS

Analyst
1. Potash ignited at 650° C. in controlled mufHe-filtered into a Gooch padded

first with a circle of filter paper and then with asbestos.
2. Samples 96, 100X, and 100Y digested as in 43(a) for mixed fertilizer; samples

101X and 101Y made up as directed in 43(b) for potash salts.
5. Ignited in platinum-filtered into asbestos padded Gooch.
6. Ignited in Pyrex dishes until glass showed red-filtered into asbestos padded

Gooch.
7. Samples of this type should be ground finer than 1 mm.
8. Ignited in platinum over Purdue burner-filtered into Jena bg3 glass sinters

-corrected for water-insoluble residue. All samples digested as directed in 43(a).
9. Ignited in platinum-filtered into Gooch padded first with a circle of filter

paper to prevent loss and then with an asbestos pad.
12. Ignited in silica at 650° C., filtered into asbestos padded Gooch. Prefer

5 gram sample made to 500 instead of 2.5 gram to 250 as specified in the present
official method.

13. Results corrected for water-insoluble residue.
14. Ignited in platinum at 800°-900° C.-filtered into asbestos padded Gooch.
15. Defoamer should be used only when necessary.
16. Results corrected for water-insoluble residue.
17. Defoamer was a distinct help in digesting the samples involved in this work.
18. Ignited over Purdue burner-filtered into Jena bg3 glass sinter-results cor

rected for water-insoluble residue.
20. Ignited in platinum at 600°-700° C. over gasoline Meker-filtered into Jena

glass sinters.
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RECOMMENDATION&

It is recommended-
(1) That the words "or some factor weight" be inserted between "50

cc" and "aliquot," Methods of Analysis, A.O.A.C., 1935, p. 30, 44(a),
"Mixed fertilizers," and that this line read: "Evaporate nearly to dryness
a 25 or 50 cc. or some factor weight aliquot of solution" (official, final
action).

(2) That the words "and a Pt soln containing equivalent of 0.5 g of
Pt(1.05 g of H 2PtCI 6)" be inserted after "(2.1 g of H 2PtCI6)", Methods of
Analysis, A.O.A.C., 1935, p. 29, 42(b), and that this section then read:
"A Pt solution containing equivalent of 1 g of Pt(2.1 g of H 2PtCI6) and a
Pt soln containing the equivalent of 0.5 g of Pt(1.05 g of H 2PtCI 6) in
every 10 cc."(official, final action).

(3) That the study of the four methods of platinum recovery published
in This Journal, 22, 286-287 (1939), be continued.

(4) That diglycol stearate be recognized as a reagent in the preparation
of the potash solution and that it be inserted in Methods of Analysis,
A.O.A.C., 1935, p. 29, be designated 42(c), and read as follows: "Defoam
ing soln.-Dissolve 20 g of diglycol stearate tech. in 1 liter of equal parts
of benzol and ethyl alcohol" (official, final action).

(5) That the words, "and 1 mI. of diglycol stearate when necessary to
prevent foaming" be inserted after "soln" in the second line of Methods
of Analysis, A.O.A.C., 1935, p. 30, 43(a), and that it then read as follows:
"Place 2.5 g of sample in 250 cc volumetric flask, and add 125 cc of H 20
and 50 cc of saturated NH 4 oxalate soln, and 1 cc of diglycol stearate
when necessary to prevent foaIning" (official, final action).

(6) That the words, "If not, dissolve the K 2PtCl& with hot H 20, re
weigh, and make correction for water-insoluble residue" be included in the
parentheses of the last line, Methods of Analysis, A.O.A.C., 1935, p. 30,
44(a), and that this line then read: "(The precipitate should be completely
soluble in H 20. If not, dissolve the K 2PtCl6 with hot H 20, reweigh, and
make correction for water-insoluble residue)," (official, final action).

(7) That the words "1/50" a mm) in diameter and sift" be inserted
in line 4, Methods of Analysis, A.O.A.C., 1935, p. 18, 2, "Preparation of
Sample-Official," in place of "1/25" (1 mm) in diameter and sift"
(official, final action).

(8) That studies of the solvent action of acid alcohol and alcohols on
K 2PtCh be continued.
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• For report of Subcommittee A and action by the Association, see This Journal, 23, 50 (1940).
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No report on acid and base-forming quality was given by the associate
referee.

REPORT ON CALCIUM, COPPER, ZINC, AND SULFUR

By GORDON HART, Associate Referee, and W. Y. GARY
(Department of Agriculture, Tallahassee, Fla.)

CALCIUM

Ten methods were tested. The first three varied only in the indicator
used. The next three methods were the same as the first three, except that
a double precipitation was made. All six methods are gravimetric. Method
7 is the tentative method for stock feed; it was tried with three different
indicators. Method 8 comprises the precipitation of the calcium sulfate
from the official magnesium determination, as oxalate, in the presence of
citric acid. Method 9 is a volumetric method; the calcium is precipitated
as oxalate from acetic acid. Method 10 follows the procedure outlined by
J. B. Smith for collaborative work on the Bartlett-Tobey method, This
Journal, 22,270 (1939). However, a 1 gram aliquot was used instead of the
smaller portion used by Smith. The second precipitation was made as
directed in Method 5 and correction was made for manganese.

The following methods, samples, and instructions were sent to the
collaborators:

Sample 1, specially prepared, contains 15% CaO, 1 % CuO, 1 % ZnO, 5% free
sulfur, and also magnesium, iron, manganese, nitrogen, phosphoric acid, potash, and
fat-bearing organic matter. Sample 2 is a mixed fertilizer. Sample 3 is superphos
phate. Sample 4 contains 0.40% CuO and 0.40% ZnO.

Run calcium on Samples 1,2, and 3; run copper on Samples 1 and 4; and run
sulfur on Samples 1, 2, and 3.

Report calcium as CaO, copper as CuO, zinc as ZnO, and Sulfur as S.

CALCIUM

REAGENTS

(a) Methyl red.-Dissolve 1 g. of methyl red in 50 ml. of 95% alcohol and dilute
to 100 ml. with water. Filter if necessary.

(b) Methyl orange.-Dissolve 0.1 g. of methyl orange in 100 ml. of water.
(c) Bromophenol blue.-Dissolve 0.1 g. of bromophenol blue in 1.5 ml. of 0.1 N

NaOH and dilute to 25 ml.
(d) Ammonium oxalate.-Dissolve 40 g. of NH, oxalate in 1 liter of water (prac

tically saturated).
DETERMINATION

1. (a) Weigh 2.5 g. of fertilizer into a 250 ml. volumetric flask, add 30 mJ. of
HNOa and 10 ml. of HCl, and boil for 30 minutes. Cool, make to volume, mix,
filter through a dry filter paper, and transfer a 100 ml. aliquot to a 400 ml. beaker.
Add a few drops of methyl red. Add NH,OH until the solution is yellow, then HCl
until barely pink. Add 20 ml. of a saturated solution of NH, oxalate, adjust the
solution to pH 5.0 (a faint pink color) by the addition of HCl (1 +4), boil for a few
minutes, cool, and again adjust the reaction to pH 5.0, adding more methyl red if
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necessary. Stir thoroughly and allow the solution to stand until the precipitate
settles. Filter through a 11 cm. Whatman No. 42 (or equal) filter paper and wash
10 times with hot water.

(b) Transfer the precipitate and filter paper to crucible with cover, ash at low
heat until filter is completely ashed, then cover crucible and heat in blast or furnace
to 1,0000-1,200 0 C.; coolin desiccator and weigh as CaO. Repeat ignition and weigh
ing to minimum weight.

2. Repeat the above, using bromophenol blue, and neutralize just to the point
where the indicator changes from yellow to green (not to blue).

3. Repeat the above, using methyl orange, and neutralize to the point where
the color changes from pink to orange (not to yellow). NOTE: It may be necessary to
add more methyl red and methyl orange indicator as the HNO. tends to oxidize
them.

Repeat the foregoing precipitation.
Transfer the precipitate and the paper to the beaker in which the precipitation

was made. Add 30 ml. of HCl (1 +4) and digest 15 minutes on steam bath (or hot
plate). Filter into 250 ml. beaker through filter paper pulp, using suction. Wash six
times, using hot HCl (5 +95). Repeat the precipitation as directed above and ignite.
Weigh as CaO.

4. Repeat, using methyl red.
5. Repeat, using bromophenol blue.
6. Repeat, using methyl orange.
7. Tentative method for calcium in stock feeds, Methods of Analysis, A.O.A.C.,

1935, 347, 44.
Repeat, using bromophenol blue, adjusting pH to where color changes from yel

low to green (but not to blue).
Repeat, using methyl orange, adjusting the color to where it changes from pink

to orange (but not to yellow).
8. Calcium precipitated from the official magnesium determination.-
(a) Ammonium oxalate-oxalic acid wash solution.-Dissolve 2 g. of (NH.).C20 •.

H 20 and 1 g. of H 2C 20 •. 2H20 in H 20 and dilute to 1 liter.
(b) Weigh 2 g. of sample into a 200 ml. volumetric flask, add 10 ml. of HCl

and 30 ml. of HNO., boil gently for 30 minutes, cool, and dilute to volume with H 20.
Pipet an aliquot containing not more than 30 mg. of MgO into a 250 ml. beaker,
add 6 ml. of H 2SO. (1 +1), remove the cover, and evaporate until white fumes
appear. Cool slightly, wash down the inside surface of the beaker with a jet of water,
and again evaporate until fumes of H 2SO. appear. Cool, add 10 ml. of water, stir
thoroughly, and digest on the steam bath for 10-15 minutes. Remove from the steam
bath, add 100 ml. of 95 % alcohol, stir so that the CaSO. is well dispersed throughout
the liquid, and allow to stand for 2 hours or longer. Filter by means of suction
through a tight plug of filter paper pulp, using a Gooch crucible, and wash 5 times
with 5 ml. portions of 95% alcohol containing 1 ml. of H 2SO. per 100 ml.

Transfer the precipitate and paper pulp to the beaker in which the precipitation
was made, uSIng a little HCl (1 +4) to wash out the crucible. Dilute the solution
to 25-30 ml. with HCI (1 +4), and digest on the steam bath 10-15 minutes. Filter
into a 250 ml. beaker through a mat of filter paper pulp, using suction, and wash
well with hot HCl (5 +95). Add 50 ml. of a saturated (at room temperature) solution
of NH. oxalate and 10 ml. of 20% citric acid solution. Dilute to 200 ml. and heat to
80 0-900 C. Add 2 drops of bromophenol blue indicator solution and then NH.OH
to the first distinct indicator color change that remains on stirring the solution.
When the precipitate settles the solution should be green and not a distinct blue.
Digest on the steam bath for 1-2 hours, stirring 2 or 3 times. Allow to cool to room
temperature and settle. Filter through an 11 cm. No. 42 Whatman or similar paper.
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Loosen the precipitate sticking to the beaker with a rubber policeman, wash out
the beaker with NH. oxalate-oxalic acid solution and wash the paper and precipi
tate 5 more times with the same wash solution. Transfer the paper and precipitate
to a platinum crucible and ignite at a low temperature until the paper is completely
oxidized. Cover the crucible and heat (at about 1,200· C.) over a hot flame for at
least 30 minutes. Cool in a desiccator containing H 2SO. and weigh as CaO. Repeat
the ignition and weighing until a minimum weight is obtained.

9. Weigh 1 g. into a 250 m!. volumetric flask, dissolve in 25 m!. of HCI, dilute
to 250 mI., and take an aliquot of 25 mI. (0.1 gram). Add 10 mI. of acetic acid, heat,
add 15 m!. of saturated NH. oxalate, heat to boiling, add ammonia to slight excess,
using litmus paper, acidify with acetic acid, and let stand in warm place until pre
cipitate has settled. Filter precipitate, wash with hot water, punch hole in paper,
and wash back into the beaker in which precipitation was made; wash paper and
funnel with small portions of dilute H 2SO. (5 m!. in 100 m!. water), add the rest to
the dilute H 2SO., heat to 70· C. or above, and titrate with standard KMnO•. Cal
culate to CaO.

The following suggestions were also included:
The Referee is attempting to make calcium dove-tail with J. B. Smith's mag

nesium methods. To do this it is necessary to make the first precipitation as near as
possible as he does.

The copy of his method has two minor changes; namely the size of the aliquot,
and a larger quantity of ammonium oxalate. (See Smith's report, p. 247.) Please
make the calcium determination by this method and also determine the manganese
in the calcium and correct for same.

Methods 1 to 6 were tried to determine whether a single or double
precipitation was better and which indicator worked best. The basic
method was taken from Research paper RP 1095, National Bureau of
Standards, by James I. Hoffman and G. E. F. Lundell, pp. 616-617.
Bromophenol blue gave the most satisfactory results, a pH of 3 to 4, when
carefully followed. The manganese was determined by Gary and Hart in
the calcium oxide in all three samples run by these six modifications of
the method. Sample 1 contained considerable manganese as shown by the
corrected results indicated by an asterisk, even after a double precipita
tion. Samples 2 and 3 did not have any added manganese; the quantity
present was that naturally occurring in the materials. Gary and Hart
also made further tests on Sample 1 by dissolving the calcium oxide from
the double precipitate of these three samples and bringing them to the pH
of 3 to 4 with bromophenol blue with ammonium hydroxide. No precipi
tate formed, indicating that the manganese present was in the form of
the oxalate. Method 7 gave surprisingly good results on Sample 1.
Method 8 should work well, but the analysts differed widely on it. Method
9 gave slightly low results and different analysts did not check well with
it. Method 10 average was almost exactly theoretical.

SUMMARY

,Of the first six methods Method 5, double precipitation with bromo
phenol blue indicator, appears to work best and possibly can be worked
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out with a manganese correction to give good results. Method 7 appears
to give good results unless there is more than 0.50 per cent manganese in
the sample.

Method 10 is very similar to Methods 4, 5, and 6 and will work equally
well since it supplements the Bartlett-Tobey method on which Smith is
working. It should be tried out further, both gravimetrically and volu
metrically. In the gravimetric methods, when the calcium oxide ash is
brown, a correction must be made for manganese.

RECOMMENDATIONS

It is recommended that the tentative method for stock feed, as out
lined in this report, be adopted as tentative for fertilizers (bromophenol
blue indicator to be given preference).

It is also recommended that Method 10, as outlined, be studied further,
collaboratively, and that the calcium procedure from the Bartlett-Tobey
method, as outlined by J. B. Smith, be studied volumetrically.

COPPER

Method 1, electrolytic, and Method 2, volumetric, were used.
Two samples, No.1 and No.4, were prepared to contain 1.00 and 0.40

per cent copper oxide, respectively. They also contained manganese, zinc,
iron, calcium, and magnesium, in addition to nitrogen, phosphoric acid,
and potash.

Method 1.-This Associate Referee did not have any success with Method
1 because other elements besides copper were plated on the platinum dish
and also owing to lack of time. However, two collaborators who reported
on this method did check closely the known quantity of copper present.

Method 2.-Six collaborators reported on this method. The maximum
variation was 0.10 per cent on Sample 1 and 0.06 per cent on Sample 2.
The following criticism of this method was received:

The method calls for additions of a measured amount of a standard copper solu
tion to the unknown sample solution, if the copper oxide present is less than 0.01
gram. This is open to two objections. In the first place the analyst does not know
before the completion of the analysis whether the sample solution contains more or
less than 0.01 g. In the second place, the addition, to an unknown sample, of a
quantity of the constituent to be determined, in order to bring the quantity within
the range of accuracy of a given procedure, is not desirable.

If there is sufficient cupric oxide present in the unknown to show a light
blue color, it is not necessary to add any standard copper solution. If the
color is not present, either the copper solution must be added or an indica
tor must be used to show the approximate pH of the solution. Any indica
tor used will interfere with the final end point of the titration. The
addition of a small quantity of the standard copper solution when the
copper is not present in sufficient quantity is the simplest procedure.
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Method 2 was taken from Scott and developed by E. J. Raudenbush
and W. Y. Gary. Raudenbush used it on copper from 1933 to 1937. Gary
further developed it from 1937 to 1939. The method gives accurate results
for copper in mixed fertilizers.

TABLE 2.-Collaborative results on copper

COLLA.BOR.A.TOlt

KlllTHOD 1 METHOD 2

W. Y. Gary and Gordon Hart
Thornton & Co.
Frank D. Lundstrom
G. S. Fraps (J. F. Fudge)
C. A. Butt and A. O. Hollman
G. E. Grattan (C. V. Marshall)

Average

BAlIPLlII 1

x
x
x
x
0.90
0.945

0.922

SAMPLE 4

x
x
x
x
0.36
0.41

0.385

SAMPLE 1

1.006
0.99
0.98
0.993
1.08
1.04

1.015

8A.!IPLE 4

0.408
0.35
0.39
0.402
0.41
0.41

0.395

RECOMMENDATIONS

It is recommended that Method 2 be adopted as tentative, with a
view to final adoption. The method will be published in Methods of Analy
sis, A.O.A.C., 1940, to issue about July 1.

It is also recommended that electrolytic methods for copper be studied.

ZINC

Two methods were tried on zinc, collaboratively on two samples. The
samples, No.1 and No.4, were the same as used for copper. Sample 1 con
tained 1.00 per cent zinc and Sample 4, 0.40 per cent zinc. Method 1 is
the tentative method for zinc in gelatin, This Journal, 22, 84 (1939).
Method 2 is the method used in this laboratory. Both of these methods
can be used for the determination of copper, and if copper is not present,
the methods are still applicable. Method 1 does not seem to be adaptable
to fertilizers. The results are erratic, probably due to the large precipitate
that forms when the solution is made alkaline with ammonia, occluding
some of the zinc.

TABLE 3.-Collaborative results on zinc

KETHOD 1
COLLABOB.A.TOB

MJIITHOD 2

W. Y. Gary and Gordon Hart
Thornton & Co.
F. D. Lundstrom
G. S. Fraps (J. F. Fudge)
C. A. Butt and A. O. Hollman

Average

BAlIPLlII 1

0.60
0.91
0.82
0.455
0.88

0.635

SAMPLE 4

0.472
0.50
0.39
0.245
0.40

0.403

SAMPLE 1

0.832
0.88
0.80
0.775
0.87

0.381

SAMPLE 4

0.396
0.44
0.36
0.405
0.39

0.398
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Method 2 is more promising. However, 83.10 per cent of the zinc was
recovered in one sample and 99.50 per cent in the other sample. Further
study of this method showed that part of the zinc was occluded in the
copper sulfide, but when the copper was precipitated out at a lower pH,
the zinc was not occluded and 100 per cent zinc was recovered.

ZINC

Indicator.-Dissolve 0.1 g. bromophenol blue in 1.5 ml. of 0.1 N NaOH and
dilute to 25 ml.

Special wash solution.-o.l M formic acid solution (4 ml. of 23.6 M formic acid
per liter) saturated with H 2S.

1. Boil the filtrate and washings from the H 2S precipitate of Cu until all H 2S
is removed. Add 1 ml. of HNO. and continue the boiling until the volume is reduced
to approximately 25 ml. Add 10 ml. of HN.CI (200 g. per liter), make definitelyalka
line with NH. hydrate, heat nearly to boiling, and filter into a 100 ml. Erlenmeyer
flask. Wash with warm alkaline NH.CI soln containing 50 g. of NH.CI and 25 ml.
of NH. hydrate (sp.gr. 0.90) per liter. Neutralize the filtrate and washings with
acetic acid, add 0.5 g. of Na acetate and sufficient glacial acetic acid to make an
excess of 2 ml. for each 50 ml. of soln. Warm the mixture on the steam bath and
saturate with H 2S. Allow to stand in a warm place for approximately 30 min.
Filter through a small paper and wash thoroughly with warm acetic acid (1 +1)
saturated with H 2S. If the filtrate is turbid, return to flask, add a few drops of
saturated HgCls soln, shake, and filter again. Ignite in a tared Pt crucible at a
dull red heat until completely ashed, then a few minutes at bright red heat. Weigh
as ZnO, and report as zinc (Zn).

2. Evaporate the combined filtrate and washings from the CuS precipitation in
a 250 ml. Erlenmeyer flask until the solution is clear and measures 85 ml. or less.
Cool, and add 10 ml. of 20% citric acid solution. Add 2 drops of bromophenol blue
and dilute, if necessary, to 95 ml. Add NH.OH to the first color change of the indica
tor. Fit the flask containing the Zn solution with a two-holed rubber stopper and
glass tubes, one of which almost touches the bottom of the flask and the other just
extends through the stopper. (Several samples and the wash solution may now be
connected in series.) Pass a rapid stream of H 2S (approximately 8 bubbles per sec
ond) through these solutions for at least 30 minutes. Clamp the connecting tubes
and allow to stand until the precipitate settles (about 1 hour should be sufficient).
Filter through a No. 42 Whatman or similar paper. Use a rubber policeman to loosen
the precipitate and wash out the flask onto the paper with a stream of the prepared
wash solution from a wash bottle. Wash the paper and precipitate five more times
with small quantities of the wash solution, keeping the funnel covered with a watch
glass as much as possible. The filtrate may become turbid due to oxidized sulfur.
Place the paper and precipitate in a cleaned, ignited, and weighed porcelain crucible.
Ignite at a low temperature until the paper is oxidized, then at 900 0 C. for one hour.
Cool in a desiccator and weigh as ZnO.

RECOMMENDATIONS

It is recommended that Method 2 be further studied collaboratively;
also that other methods for zinc be investigated.

SULFUR

One method was tried for total sulfur and free sulfur and two methods
for sulfate sulfur. Samples 1, 2, and 3 were sent out. Sample 1 contained
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5.00 per cent free sulfur and 4.90 per cent combined as sulfates, making
a total of 9.90 per cent sulfur. Sample 2 was a mixed fertilizer and Sample
3 a superphosphate.

The average for total sulfur on Sample 1, Method 1, is close to theoreti
cal, yet the collaborators do not agree closely, there being 0.47 per cent
variation. Free sulfur ran too high when the Soxhlet extractor was used,
indicating that some of the sulfate sulfur was extracted. Methods 1 and 3
agree fairly well on the average on Samples 2 and 3, but the collaborators
differ too much on these samples.

TABLE 4.-CoUaborative re8uU8 on 8ulfur

KETHOD 1
METROD 2 METHOD 3

COLLABORATOB SAMPLIIl SAMPLE SAll- SAll-

I I PLlll PLlll 2 3 2
(TOTAL) (FREE S) 2 3

G. Hart 9.94 5.16 6.40 11.52 6.21 11.38 6.40 11.68
Thornton & Co. 9.80 5.31 6.06 11.36 6.19 11.36 6.58 11.80
O. 1. Struve 9.77 5.103 6.31 11.045 6.206 11.125 6.327 11.842
G. S. Fraps x x x x 6.25 11.40 6.84 12.08
C. A. Butt and

A. O. Hollman 10.24 x 6.64 11.82 6.35 11.37 6.57 11.90
W. C. Jones 9.81 x 6.42 11.59 x x x x
W. B. Byers 10.24 4.28* 6.78 11.58 6.28 11.45 6.60 11.88

Average 9.97 5.19 6.42 11.586 6.244 11.354 6.553 11.695

* Not included in average. This sample was extracted with a Walker extractor, not a Soxhlet.

The following instructions and methods were submitted:
SULFUR

Determine free sulfur on Sample 1 only. Use Methods 2 and 3 on Samples 2
and 3 only. Use Method 1, total sulfur (free and combined) on all three samples.

TOTAL SULFUR (FREE AND COMBINED)

1. Weigh 1 g. of sample into 250 mi. beaker; add 10 mi. of a saturated solution
of Br in CCI.; cover with a watch-glass and allow to stand 15 minutes. Add 15 mi.
of HNO.; cover and allow to stand 15 minutes. Evaporate on hot plate to about
5 mI.; add 20 mi. of HCI and boil gently to about 5 mI.; add 50 mi. of water. Filter
on close filter paper into 200 mi. volumetric flask, wash with 2% HCI and hot
water. Take 50 mi. aliquot in 400 mi. beaker. Add 1 drop of methyl red; neutralize
with NH.OH. Add HCI, dropwise, to acid, then 1 mi. in excess. Dilute to 150 mI.;
heat to boiling; lower flame to just boiling. Add hot 10% BaCI, dropwise, to slight
excess. Digest with low flame until supernatant liquid is clear, about 1 hour. Filter
on Whatman No. 40 or Munktell No. 00, 11 em. filter paper. Wash 10 times with
hot water. Ignite in a weighed crucible, and weigh as BaSO•. Calculate to sulfur (S).

FREE SULFUR

Extract 1 g. of sample with CS. in a Soxhlet, allowing the extraction thimble to
drain at least 12 times. Transfer the extract to a 250 mi. beaker. Evaporate off CS.
in a draft at room temperature. Place in drying oven at 60°-70° C. for 20 minutes.
Then proceed as directed above, but use whole sample instead of aliquot.
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SULFATE SULFUR IN FERTILIZER MATERIALS

2. Sulfates in acid phosphate, ammonium sulfate, kainit, nitrate of soda, and
muriate of potash or mixed fertilizer.-Heat 2.5 g. with 200 mI. of water and 10 mI.
(or more) of HCI, nearly to boiling for 30 minutes. Filter, and wash with hot water
up to 500 mI. Take 50 mI. (0.25 g.) for acid phosphate, ammonium sulfate, or
kainit, and 100 mI. (0.5 g.) for nitrate of soda or muriate of potash, or mixed ferti
lizer, acidify with HCI and heat to boiling. Lower the flame and add BaCI in slight
excess. Digest with a low flame until the precipitate settles and the supernatent
liquid is clear, 1 hour or longer. Filter on a Whatman No. 40, 11 em. filter paper and
wash at least 10 times with hot water. (The precipitate is liable to crawl, and care
should be taken that it is all washed out of the beaker into the filter.) Ignite in a
weighed crucible, add a small crystal of NH., and ignite gently. Weigh, and report
as sulfate sulfur (S) to 0.01 %.

3. Weigh 2 g. of fertilizer into 200 mI. flask, add 30 mI. of HNOs and 10 mI.
of HCI, digest 10 minutes, add 100 mI. of water, and boil gently for 30 minutes.
Cool, make to volume with water, shake thoroughly, and filter on dry filter paper.
Take 25 mI. aliquot in 400 mI. beaker, add 100 mI. of water and 1 drop of methyl
red, and neutralize with NH.OH. Add HCI, dropwise, to acid, then 1 mI. in excess.
Dilute to 150-175 mI., heat to boiling, lower flame just to boiling and add hot 10%
BaCI, dropwise, to slight excess. Digest with low flame until supernatant liquid is
clear, about 1 hour. Filter while hot on Whatman No. 40 or Munktell No. 00,
11 em. filter paper. Wash 10 times with hot water. Ignite in a weighed crucible and
weigh as BaSO•. Calculate to sulfur (S).

The Referee recommends further study.

RECOMMENDATIONS

It is recommended-
(1) That methods for the determination of sulfur in fertilizers be

studied.
(2) That the work be divided and another associate referee be ap

pointed to work on copper and zinc.

QUANTITATIVE SPECTROSCOPIC ANALYSES OF
IMPORTANT TRACE ELEMENTS IN

MIXED FERTILIZERS

By E. H. MELVIN, R. T. O'CONNOR, O. R. WULF, and C. H. KUNSMAN
(Bureau of Agricultural Chemistry and Engineering, U. S.

Department of Agriculture, Washington, D. C.)
(Abstract of a paper presented before the Association of Official Agricultural Chem

ists, Inc., Washington, D. C., October 30, 1939.)

A method has been developed for the simultaneous spectroscopic de
termination of boron, manganese, and copper in mixed fertilizers. In the
samples analyzed these elements were present in amounts below 0.1 per
cent.

Standards have been prepared that have the average composition of
mixed fertilizers, but which have different known quantities of the minor
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elements ranging from 0.0004 per cent to 0.4 per cent. An internal
reference element, in this case beryllium, was used in this work. It is
present in the standards and is introduced into the samples to be analyzed
in the constant amount of 0.05 per cent. The average deviation of spectro
scopic determinations made on these standards was about 16 per cent,
which indicates the present accuracy of the analyses for these trace ele
ments in mixed fertilizers.

Boron was present in the fertilizers analyzed to the extent of 0.004
0.04 per cent; copper, 0.001-0.017 per cent; and manganese, 0.005-0.11
per cent.

The desirability of the use of an internal reference element, as in the
present instance the element beryllium, and the importance in the direct
current arc excitation of the complete burning of the sample were dis
cussed.

REFERENCES

(1) A Method for the Quantitative Determination of Boron, Manga
nese, and Copper in Mxied Fertilizers, Proc. of the 7th Summer Conference
(1939) on Spectroscopy and its Application. John Wiley & Son, New
York, January, 1940.

(2) A Method for the Quantitative Determination of Boron, Manga
nese, and Copper in Mixed Fertilizers, to be published in Ind. Eng. Chem.

(3) Other publications to follow.

MONDAY-AFTERNOON SESSION
REPORT ON EGGS AND EGG PRODUCTS

By E. O. HAENNI (U. S. Food and Drug Administration,
Washington, D. C.), Referee

Since the last meeting of the Association the Secretary of Agriculture,
in accordance with the provisions of the Federal Food, Drug, and Cos
metic Act, has promulgated, effective January 1, 1940, definitions and
standards of identity for liquid, frozen, and dried whole eggs and egg
yolks (Federal Register, Vol. 4, No. 138, pp. 3374-3378, July 20, 1939).
Thanks in large measure to the splendid work of L. C. Mitchell and his
associates the Association finds itself with adequate methods of analysis
for eggs and authentic data on the composition of eggs to make possible
the effective enforcement of these standards. In sad contrast is the situa
tion with respect to the nstimation of the egg content of foods, the control
of which is, after all, of even more importance to the ultimate consumer.

It is to be expected that legal standards of identity will be promulgated
in the near future for numerous products of which eggs constitute an es
sential ingredient. There is urgent need for the development of methods
to be used for establishing as well as enforcing such standards. The pro-
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mulgation of the standards for eggs should lend impetus to the prosecution
of the necessary work. Several years ago the Referee initiated develop
ment of a method for estimating the egg content of noodles based on a
determination of the cholesterol content, which it was planned to extend
to other food products. Reports of progress on the work were made at the
1935 and 1936 meetings. The Referee regrets exceedingly that the pressure
of other duties has prevented him from advancing that work. It is only in
the past few weeks that he has had opportunity to devote an appreciable
amount of time to the problem. Accordingly, as Associate Referee on
Unsaponifiable Constituents and Fat, he is again not prepared to submit
a report, but sincerely hopes that time will be made available for him to
continue the work on the method which has shown so much prOInise of
successful application.

L. C. Mitchell, Associate Referee on Detection of Decomposition and
on Added Glycerol, Sugar, and Salt, has subInitted an interesting report
of preliIninary work on the use of the volatile acid number as a means of
detecting decomposition in egg yolks. This method shows proInise and the
work should be continued. The term "base number" as used in the Asso
ciate Referee's report should bemore clearlydefined. The Referee approves
the recommendations made by the Associate Referee.

H. A. Lepper, former Referee on Eggs and Egg Products, in his report
at the 1935 meeting, recommended, for reasons set forth, deletion of the
tentative method for the deterInination of unsaponifiable matter in eggs
from Methods of Analysis, A. O. A. C., prior to the last revision. Through
an oversight this specific recommendation did not appear in the final list
of recommendations. The Referee concurs in the opinion that the method
should be dropped and recommends its deletion from the forthcoIning
revision of Methods of Analysis.

RECOMMENDATIONS'

It is recommended-
(1) That the tentative method for the determination of unsaponifiable

matter (Methods of Analysis, A. O. A. C., 1935, sec. 13, p. 300) be dropped
and deleted from the forthcoming revision of Methods of Analysis,
A.O.A.C.

(2) That the study of methods for the deterInination of cholesterol and
fat by acid hydrolysis be continued.

(3) That the method for the deterInination of chlorine adopted as
official (first action) last year, This Journal, 22, 77 (1939), be adopted as
official (final action).

(4) That the method for the determination of dextrose and sucrose
adopted as official (first action) last year, Ibid., be adopted as official
(final action).

1 For report of Subcommittee C and action by the Association, see This Journal, 23, 63 (1940).
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(5) That studies on methods for the determination of added glycerol be
continued.

(6) That study of chemical methods for the detection of decomposition
be continued.

No report on unsaponifiable constituents and fat was given by the as
sociate referee. See preceding report of the referee.

REPORT ON DETECTION OF DECOMPOSITION IN EGGS
AND ON ADDED GLYCEROL, SUGAR, AND

SALT IN EGGS

By L. C. MITCHELL (U. S. Food and Drug Administration,
Mineapolis, Minn.), Associate Referee

DETECTION OF DECOMPOSITION

At the 1935 meeting, Associate Referee Callaway reviewed the work
of the Association on methods for the detection of decomposition in eggs,
This Journal, 19,201 (1936).

During 1936 and 1937 comparative collaborative studies were made of
the official method and of a rapid method for the determination of acidity
of the ether extract, which work resulted in the adoption by the Associa
tion of the rapid method, as a tentative method, This Journal, 21, 70
(1938).

At the 1936 meeting, Tubis, This Journal, 20, 159 (1937), submitted
a study of the Bandemer and Schaible absorption method for the deter
mination of ammonia nitrogen in eggs,! in comparison with the present
tentative aeration method. Subsequent collaborative studies of the
method during 1937 and 1938 indicate that the absorption method is pref
erable to the aeration method, This Journal, 21,179 (1938) and 22,298
(1939), for this determination.

Last year the Associate Referee recommended that additional chemical
methods for measurement of decomposition in eggs be sought.

Since the actual process of decomposition in eggs, which are composed
chiefly of proteins and lipids, is a chaos of numerous activities involving
many types of micro-organisms and probably yielding a large number of
end-products and by-products, it is not likely that anyone chemical
method can be developed to detect decomposition in all of its variations.
In regard to the decomposition of proteins as a class, R. A. Gortner,2
states that they are hydrolyzed by fungi and bacteria to their con
stituent amino acids, which are then acted upon by the micro-organisms
to yield either bases or acids; that as a rule aerobic organisms cause the
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elimination of nitrogen with the formation of acids while anaerobic or
ganisms cause the elimination of carbon dioxide with the formation of
bases; and that the formation of acids and amines usually proceeds simul
taneously, the preponderance of one or the other being determined by the
particular type of organism that is involved.

Eggs are also high in lipids, both simple (fat or oil) and compound
(lecithin). These substances are likewise subject to certain changes such
as hydrolytic with liberation of fatty acids, or oxidative with formation
of aldehydes, ketones, acids, and perhaps other compo'- "'l.ds.

It appears, therefore, that during the process of decomposition of eggs,
acidic and basic compounds are probably liberated or formed simul
taneously. Accordingly, the Dyer method for the identification and de
termination of volatile fatty acids as standardized by Clark and Hillig
and used by them in evaluating spoilage in canned fish, This Journal,
21, 684, 688 (1938) may be of value in detection of decomposition in
eggs.

Total nitrogen was determined on an aliquot of the sample prepared for
the estimation of volatile fatty acids with a view to ascertaining whether
any soluble basic (nitrogenous) compounds not precipitable by the phos
photungstic acid were present and whether such information would have
any diagnostic value in the detection of decomposition.

This report covers some preliminary exploratory work on six samples
of laboratory separated yolks in advanced stages of putrefaction. The
formic acid number and the volatile acid number were determined ac
cording to the method of Hillig and Clark, This Journal, 21, 694 (1938),
except that the volume of the prepared sample was made to 500 mi.
instead of 250 mI., as given in the method. The percentage of lipids,
the acidity of the lipids after purification and also directly, and the
volatile acid number on the aliquot used for the direct acidity were
also determined. The lipid solution was prepared according to method
11, Methods of Analysis, A.O.A.C., 1935, 299. A 10 gram sample and 10
mi. aliquot were used for estimation of the lipids, and separate 25 mi.
portions were used for the determination of acidity of the lipids. The
results obtained are given in Table 1. Those for formic acid, volatile acid,
and base numbers were determined by William Horwitz of the Min
neapolis Station. As soon as the absorption cells are available, work on
ammonia nitrogen will be undertaken, as this determination merits
further study.

A study of the results indicates that the volatile acid number may have
diagnostic value in the detection of decomposition, inasmuch as good
yolks have little or no volatile acids, while yolks in advanced stages of
decomposition have appreciable quantities,
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RECOMMENDATIONS3

It is recommended-
(1) That the official method for the determination of chlorine, modified

to include added salt and adopted as official (first action) last year, This
Journal, 22, 77, be adopted as official (final action).

(2) That the official method for the determination of dextrose and
sucrose, modified to include the paragraph to correct for the error due
to the volume occupied by the precipitate in samples containing added
sucrose and adopted as official (first action) last year, This Journal, 22,
77, be adopted as official (final action).

(3) That studies on methods for the determination of added glycerol
be continued.

(4) That further work be done on the absorption method for the
determination of ammonia nitrogen in eggs.

(5) That additional chemical methods for measurement of decomposi
tion in eggs be sought.

REPORT ON PRESERVATIVES

By WILLIAM F. REINDOLLAR (State of Maryland Department
of Health, Baltimore, Md.), Referee

Following the suggestion of the Committee on Recommendations, the
Referee investigated the qualitative methods for the identification of
saccharin. The two tests now official depend, in the first case, upon the
sweet taste of the ether extract imparted by the compound, and in the
second, upon its conversion to and identification as salicylic acid. As
substances other than saccharin will produce a sweet taste, and as the
latter test may yield a false reaction if the quantity of naturally occurring
or added salicylic acid is too large to be completely destroyed, a more
specific reaction is highly desirable. The method adopted for study com
bines features of several procedures described in the literature. It depends
upon the extraction of saccharin from the foodstuff by an ether-petroleum
ether mixture, its conversion to phenolsulfonphthalein by heating with a
phenol-sulfuric acid solution, and subsequent identification by the red
color developed when a diluted solution of the latter compound is made
alkaline with sodium hydroxide. The reagents and procedure are de
scribed as follows:

METHOD
REAGENTS

(a) Ethereal solvent.-Mix equal volumes of ethyl ether and petroleum ether
(b.p. 30°-60°).

(b) Phenol-sulfuric acid.-Dissolve pure colorless crystalline phenol in an equal
weight of H 2SO•.

• For report of Subcommittee C and action by the Association, see This Journal, 23, 63 (1940).
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PROCEDURE

Solid or semi-solid preparations.-Transfer 25 g. of the sample to a 100 ml.
volumetric flask by means of a little hot water and add sufficient boiling water to
make a volume of about 75 ml. Allow the mixture to stand for an hour, shaking
occasionally. Then add 3 ml. of glacial acetic acid, mix thoroughly, add a slight
excess (5 ml.) of 20 % neutral Pb acetate solution, dilute to the mark with cold water,
mix, allow to stand for 20 minutes, and filter. Transfer 60 ml. of the filtrate to a
separator, add 5 ml. of HCl, and extract with 50, 25, and 25 ml. of the ethereal sol
vent. Wash the combined ethereal extracts once with 5 ml. of water, remove the
major portion of the solvent, transfer to a 30 ml. beaker, and allow to dry at room
temperature. Add 5 ml. of the phenol-H2SO. reagent to the residue remaining after
the evaporation of the solvent and heat for 2 hours at a temperature of 135°-140°.
Cool, dissolve in a little hot water, and pour into about 250 ml. of water. Allow to
stand for about 3 hours or overnight and filter, using a small quantity of filter-eel
if necessary. Make alkaline with 10% NaOH solution and dilute to 500 ml. A
magenta or reddish purple color develops if saccharin is present. A yellow, buff,
or pale salmon shade is not significant. (If vanillin, which may be recognized by its
odor, is present, it may be removed by extracting the ethereal residue several times
with CCl•. )

One part of saccharin is generally considered equivalent in sweetening
power to 500 parts of sugar. On this basis, 80 p.p.m. of saccharin, equiva
lent to about 4 per cent sugar, was added to the foodstuffs tested. The
materials examined were apple butter, apple butter containing 500 p.p.m.
of vanillin, tomato ketchup, India relish, and ginger ale. In the case of
ginger ale, the sample was extracted by the ethereal solvent without
preliminary treatment. The colors developed are described below.

Apple butter
Apple butter+500 p.p.m. vanillin
Tomato ketchup
India relish
Ginger ale

Control
Pale straw
Salmon
Buff to peach
Pale salmon
Nearly colorless

Sample

Deep magenta
Pale magenta
Deep magenta
Magenta
Deep magenta

The amount of saccharin represented in the final volume is 1.2 mg.
Indications are that a much smaller amount will give a positive test.
Vanillin interferes with the reaction and must be removed. Although
saccharin is insoluble in carbon tetrachloride, some of it is lost, probably
by mechanical removal, during extraction with this solvent. The semi
quantitative manner in which the test is applied permits the analyst to
distinguish readily the color developed by saccharin from that occurring
in the control.

RECOMMENDATIONS

It is recommended that the qualitative test for saccharin be studied
further with a view to learning its applicability (a) to other foodstuffs,
and (b) in the presence of other possible interfering substances.
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No report on benzoate of soda was given by the associate referee.

REPORT ON COLORING MATTERS IN FOODS

Total Color
%

83.95
84.25
83.92
85.33
86.03

Ponceau 3R
%

83.50
78.88
83.92
62.. 94
52.45

Ponceau SX
%

0.45
5.37
0.00

22.39
33.58

1
2
3
4
5

By C. F. JABLONSKI (U. S. Food and Drug Administration,
New York, N. Y.), Referee

The Committee on Recommendations requested further collaborative
study of the quantitative estimation of ponceau SX in mixtures with
ponceau 3R. With this purpose in view, the Referee sent out seven sets
of samples consisting of five subdivisions each, and instructions to deter
mine the dye mixtures by a submitted method. It is regretted that only
four collaborators reported their results.

The samples were of the following compositions (based on TiCla ti
trations) :

Sample No.

The collaborators reported the following results:
Sample No. Ponceau SX Ponceau 3R

% %
O. L. Even8on, Food and Drug A.dmini8tration, Washington, D. C.

1 1.1 82.6
2 6.0 78.1
3 probably trace 82.2
4 23.4 62.1
5 33.9 52.5

S. S. Forre8t, Food and Drug Administration, Washington, D. C.
1 1.25 81.8
2 5.30 78.35
3 trace or none 84 .35
4 22.2 61.5
5 33.0 51.1

J. L. Hogan, Food and Drug Admini8tration, New York City
1 0.60 84.05
2 6.60 78.24
3 0.00 84.67
4 22.21 63.28
5 32.30 53.64

L. Koch, H. Kohnstamm and Company, Brooklyn, New York
1 1.08 83.37
2 6.60 78.50
3 0.00 84.65
4 24 .00 62 .65
5 35 . 70 50 .55

Total Color
%

83.7
84.1
82.2
85.5
86.4

83.05
83.65
84.35
83.7
84.1

84.65
84.84
84.67
85.49
85.94

84.45
85.10
84.65
86.65
86.25



1940] JABLONSKI: REPORT ON COLORING MATTERS IN FOODS 291

The following comments and criticisms were submitted by the
collaborators:

COMMENTS OF COLLABORATORS

O. L. Evenson.-Good check results were obtained. There may be a trace of
Ponceau SX in Sample 3.

S. S. Forrest.-The method gives excellent check results. In Sample 3 the dye
is apparently all destroyed, only a trace of color remaining, which clears up on the
addition of a drop of TiCla. With this in mind the dye is reported as Ponceau 3R.

J. L. Hogan.-The end points of the titer were found very satisfactory and es
pecially sharp in the treated samples. Nevertheless considerable variations were
noted in the amount of TiCla solution required to reduce equal portions of similarly
treated dye solution. The maximum difference for untreated samples was 0.11 ml.
approximately 0.1 N TiCla and 0.19 ml. for treated samples.

Sample 1 may be off a little because the titer for Ponceau SX was very small.
This value is so close to the end of the line on the graph that small errors in making
the correction might figure into very considerable percentage error for Ponceau SX.

L. Koch.-The TiCI. end points after oxidation of the dye mixture were very
satisfactory, the complete disappearance of color being easily observed by the addi
tion of 1 drop. It is suggested, however, that a semi-micro buret be used for the
titration of small quantities of Ponceau SX, e.g. 1-5%. Also an enlarged graph for
more accurate interpretation of the true titer value, especially where small quanti
ties of Ponceau SX are involved.

DISCUSSION

1.08
83.37
84.45

0.60
84.05
84.65

1.25
81.80
83.05

1.10
82.60
83.70

To arrive at a better understanding, the results are presented in table
form below, expressed in percentage:
Sample 1 Theoretical

Ponceau SX 0 .45
Ponceau 3R 83 .50
Total color 83 .95

Sample II Theoretical

Ponceau SX 5.37 6.00 5.30 6.60 6.60
Ponceau3R 78.88 78.10 78.35 78.24 78.50
Total color 84.25 84.10 83.65 84.84 85.10

Sample III Theoretical
probably trace or

Ponceau SX 0.00 trace none 0.00 0.00
Ponceau3R 83.92 82.20 84.35 84.67 84.65
Total color 83.92 82.20 84.35 84.67 84.65

Sample IV Theoretical

PonceauSX 22.39 23.40 22.20 22.21 24.00
Ponceau3R 62.94 62.10 61.50 63.28 62.65
Total color 85.33 85.50 83.70 85.49 86.65

Sample V Theoretical
Ponceau SX 33.58 33.90 33.00 32.30 35.70
Ponceau3R 52.45 52.50 51.10 53.64 50.55
Total color 86.03 86.40 84.10 85.94 86.25
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The results reported by the collaborators indicate that good results
can be obtained by this method. The majority of the results vary less
than 1 per cent from theoretical, and only in isolated cases are they
slightly above that figure, while in two instances the difference is slightly
over 2 per cent. The suggestion proposed by some of the collaborators to
enlarge the graph is not considered practicable by the Referee since its
size would prove unwieldy. The results show that 1 per cent and even
less can be determined by that chart.

Since this collaborative work was undertaken chiefly to determine
amounts of ponceau SX ranging from 0.5 to 35 per cent, it is suggested
that it be continued with increased percentages of ponceau SX.

RECOMMENDATIONS'

It is recommended-
(1) That collaborative work be continued on the quantitative deter

mination of ponceau SX in the presence of ponceau 3R.
(2) That investigational work be continued on the quantitative separa

tion and determination of tartrazine and sunset yellow FCF in mixtures.
(3) That investigational work be undertaken to separate and deter

mine quantitatively mixtures of light green SF yellowish, brilliant blue
FCF, and fast green FCF.

(4) That the following changes be made in Methods of Analysis,
A.O.A.C., 1935.

Chapter XXI, p. 245, 16(b): Add the phrase, "and dry carefully, and if the color
turns purple the presence of annatto is confirmed," after the words, "Dry the filter
and add a drop of SnCh soln."

Chapter XXIII, p. 290, 87, read "HCI" instead of "HCI (1 +2)."

REPORT ON METALS IN FOODS

By H. J. WICHMANN (D. S. Food and Drug Administration,
Washington, D. C.), Referee

The Referee and local associate referees have revised Chapter XXIX,
Metals in Foods, of Methods of Analysis, A.O.A.C. in preparation for the
fifth edition. Most of the revisions concern changes in language that are
intended to clarify the methods without changing the principles. Some of
the changes require recommendations by the Referee, but no special
prior collaboration appeared to be necessary. These changes will be dis
cussed later in the special sections. As a result of recommendations of the
associate referees some of the methods have been made tentative. No
reports are offered by the associate referees on the determination of
selenium and fumigation residues in foods.

1 For report of Subcommittee D and action by the Association, aee Thia Journal, 23, 71 (1940).
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ANTIMONY

The Referee had hoped that he would be able to call attention to the
publication of a paper on the determination of micro quantities of an
timony based on the principles of the Cassil-Wichmann arsenic method,
This Journal, 22, 436 (1939). These hopes have not been fulfilled. Last
year's recommendation for work on the determination of antimony is
therefore repeated.

ARSENIC

The associate referee endeavored to combine a further study of the
sample preparation of arsenic samples with the Cassil-Wichmann method
of arsenic determination. He had no opportunity to study the molyb
denum blue method proposed last year for quantities of arsenic trioxide
up to 10 micrograms. The Klein-Vorhes xanthate-molybdenum blue
method, This Journal, 22, 121 (1939), has produced good collaborative
results for quantities of arsenic from 100 to 800 micrograms, but it has
not been tested for smaller quantities. The Referee believes that a com
bination of the Cassil-Wichmann system of arsenic isolation with a
molybdenum blue colorimetric determination should be successful for
1-10 micrograms of arsenic and hopes that the idea can be tested during
the coming year. Some quick and accurate method for the ultramicro
range of arsenic is needed. A number of chemists are working on the
determination of minute quantities of arsenic, and the Referee hopes that
some of these investigations will be completed during the year.

The associate referee presents some collaborative results that may be
classified as fair, but they are not up to the standard anticipated by the
authors of the Cassil-Wichmann method. Some unexpected difficulties
appeared. The Referee believes that these have been overcome to a great
extent by the associate referee since the meeting. Both referees consider
that a further collaborative study should now produce some satisfactory
results.

The Referee apologizes for his inability to present a quick, reliable, and
accurate method for both minute and large quantities of arsenic that
could be substituted for the somewhat antiquated Gutzeit method. He
believes it unwise, however, to make any reco=endations for adoption
of any new arsenic methods at this time. He therefore recommends further
study of arsenic methods.

COPPER

The associate referee submitted an abstract of the work he has done on
the determination of 25 micrograms of copper in the presence of 10-25
micrograms of cobalt and nickel and 10-100 micrograms of bismuth. He
reports that 10 micrograms of the three contaminants had little effect on
the results for copper by visual or photoelectric filter photometry. If
larger quantities of these interfering metals are present, some measures
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for their removal must be provided or, in the case of bismuth, its effect
determined by complexing out the copper. The associate referee found
that the maximum deviations of either visual or photoelectric filter pho
tometry were small, but that the maximum deviations of the former were
two to three times that of the latter. No average deviations are given.

It is unfortunate that the associate referee did not submit a detailed
description of a copper method that could have been made the basis for
some recommendation. The formulation of such method, therefore, must
be left to the next associate referee.

FLUORINE

The previous associate referee, This Journal, 21, 208 (1938), called
attention to the small plus errors of the original Willard and Winter
thorium nitrate titration and also of the back titration modification in
troduced by Allen (private communication) and presented by Dahle et
al.; This Journal, 21, 459 (1938). This error persists even when pure
fluorides and perchloric acid are used. As it amounts to only a relatively
few micrograms per 150 or 200 m!. distillate, it is not of much concern in
the determination of fairly large quantities of fluorine but it does become
serious in the determination of the smaller quantities. The previous
methods could not even detect it. The Referee and Dahle, then associate
referee, thought the error might be due to fluorine derived from the glass
apparatus. The associate referee shows that the error can be due to fluo
rine from glass only in very slight degree, and that the greater part of
the blank must come from some other source.

Another interesting point is the announcement by the associate referee
that a new fluorine method suitable for micro as well as larger quantities
of fluorine will soon be published. It depends on the bleaching effect of
fluorine on the red aluminon complex of aluminum. It seems suitable for
the photometer as well as for Nessler tubes. If it can be adapted to the
"strip" solution obtained in the determination of lead on apples, it may
prove to be the faster and cheaper method for fluorine so badly needed in
the fruit industry. The Referee hopes that the thorium "back titration"
method and the new aluminum method can be developed during the com
ing year, so that there may be two widely differing methods for use in the
problems of sample preparation and determination of small quantities
of natural fluorine in foods, feeds, and biological materials. Comparable
results by these methods on the same sample would prove very con
vincing.

LEAD

Certain deletions and revisions in the present tentative and official lead
methods are advisable and necessary.
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In paragraph 16(a) is a description of the treatment given to lead
dithizonate extracts prior to electrolytic determination. The Referee rec
ommends that Perlman's method, This Journal, 20,622 (1937), of treat
ing the extract with 110 ml. of 1 per cent nitric acid, filtering, and elec
trolyzing a 100 ml. aliquot be added as an alternative procedure. The
associate referee checked this procedure and finds that it is practicable
and quite accurate. Former fears that enough chlorine would be liberated
to vitiate the results seem to be unfounded. This finding of fact by two
independent observers appears to be a sufficient substitute for collab
orative work.

The Referee recommends that paragraph 25(b), which was intended to
insure the complete removal of tin before the colorimetric dithizone deter
mination, be eliminated as it is no longer necessary. At the time the 1935
edition was issued apprehension existed in regard to the possible reduction
of stannic tin to stannous tin by the ammoniacal citrate-cyanide solution.
It has since been shown that this reduction may occur only when the tin
in solution exceeds 50 milligrams. Paragraph 25(a) describes a method
that will reduce the amount of contaminating tin to much less than 50
milligrams.

Paragraph 26(a) describes the bismuth-iodide-ethyl acetate method
for removing the major part of a bismuth interference. This method has
not become popular among analysts. They generally prefer the Will
oughby separation at pH 2.0 for small quantities of bismuth as given in
26(b). Paragraph 26(c) describes a procedure for handling large quanti
ties of bismuth, as in the determination of lead in bismuth compounds. It
is therefore recommended that 26(a) be eliminated.

Paragraphs 31 and 32 were written when the greatest interest in the
quantity of lead on apples and pears was centered at .018 gr./lb. The
greatest sensitivity in the Nessler tube dithizone method is found at the
beginning and at the end of the range, not in the center. Solutions were
therefore arranged so that the quantity of lead of greatest interest was
placed a little below the top of the range. At present most interest is
shown in a lead load of .025 gr./lb., therefore the top of the range is now
.027 gr./lb., and .025 gr./lb. is in the sensitive part. The Referee requests
authority from the Association to make this change.

The associate referee's report deals with a collaborative examination
of two maple sirups by a modified Perlman1 procedure. The modifications
include a stronger solution of hydrochloric acid to make sure of the solu
tion of water-insoluble lead, a larger sample, and possibly a more rational
system of taking an aliquot. The use of stronger acid gave zinc an un
desired opportunity to react with dithizone and be extracted with the
lead because the complexing cyanide combined with other complexes set
free from the sugar. A weaker acid is therefore indicated. The associate

1 Ind. Eng. Chern., Anal. Ed., 10, 134 (1938).
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referee recommends repetition of the collaborative work with a view to
adoption of a tentative method next year.

MERCURY

The report of the associate referee discusses concentration of mercury
by metallic zinc and a final titration with dithizone, which is the reverse
of the Fischer-Leopoldi2 two-color titration method. The associate ref
eree's results on the final titration were few in number but of surprising
accuracy. No collaborative results are reported. He indicates that he has
at least temporarily abandoned the idea of determining mercury by pho
tometric methods because of unexplained fluctuations in the readings
when the mercury solutions are exposed to the intense light within the
photometer. The Referee agrees to the changes the associate referee pro
posed for the tentative method, not entirely on the basis of the results
submitted, but because the fundamental ideas are similar to those tested
and published by Fischer. The associate referee should now be in a posi
tion to submit his method to extensive collaboration as a step in the
process of making it official.

ZINC

The tentative method for zinc, which specifies that the sample taken
for analysis shall contain a minimum of 2 milligrams of zinc, was for
mulated when a milligram was considered a micro quantity. To obtain 2
milligrams of zinc, a 50 or 100 gram sample of low zinc material might be
required, or, if only a 10 gram sample is available, it would necessitate
200 p.p.m. of zinc to provide the 2 milligrams of zinc. Such a state of
affairs is unsatisfactory at this time, and therefore the Association en
listed the services of the biochemists in developing suitable methods.
Holland and Ritchie submit a micro method that determines 100 micro
grams of zinc as a possible maximum. They sent one sample of finely
ground polished rice and one of seed rye to collaborators, and ten sets of
results are reported. On the rice sample, the zinc varied from 18.3 to 26.2
p.p.m. and on the rye sample, from 24.3 to 51 p.p.m., with averages of
22.5 and 40.5 p.p.m., respectively. No information is available on the
true content of zinc nor on the quantity of possibly interfering metals
such as copper, cadmium, cobalt, nickel, or lead. Some of these metals
may have been present in quantities approximating that of the zinc. The
collaborative work therefore consisted of determining the "spread"
among different analysts working with the same sample. In the Referee's
opinion the spread was more than it should be for a satisfactory method,
and he hopes that further effort will diminish it. A micro method for zinc
should appear in the new edition of Methods of Analysis in addition to
the one now tentative so that analysts may have an opportunity to select
the method most suitable for materials to be analyzed. Therefore it is

• Z. Anal. Chem., 103.241 (1935).
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RECOMMENDATIONS"

recommended that this method be adopted as tentative, with the under
standing that tentative status does not necessarily carry a 100 per cent
endorsement of the Association. It is also recommended that collabora
tive work be continued for another year in an effort to improve the
method. Next year's work should include the collaborative analysis of at
least one synthetic ash containing known quantities of zinc as well as
interfering metals, such as copper, cadmium, lead, cobalt, nickel, and bis
muth. Probably such a sample should be of a slightly acid nature and be
distributed in carefully cleaned Pyrex bottles to prevent contaInination
before analysis.

It is recommended-
(1) That the first three recommendations made by Committee Clast

year with reference to arsenic and antimony be continued.
(2) That studies on Inicro methods for the determination of copper

be continued.
(3) That studies on the deterInination of fluorine be continued.
(4) That changes recommended by the Referee in this report with

respect to changes in the lead methods be adopted and that studies on
the determination of lead be continued.

(5) That the changes in the present tentative method for mercury
recommended by the associate referee be adopted and that intensive
collaborative work on the modified method be undertaken.

(6) That studies on the determination of selenium be continued.
(7) That the method for the determination of zinc proposed by the

associate referee be adopted as tentative and that it be subjected to
further collaborative study.

(8) That the study of the deterInination of hydrocyanic acid be
continued.

REPORT ON ARSENIC

By C. C. CASSIL (Bureau of Entomology and Plant Quarantine,
U. S. Department of Agriculture, Washington, D. C.),

Associate Referee

At the 1938 meeting of the Association of Official Agricultural Chem
ists, Cassil and Wichmann proposed a rapid volumetric micro method for
determining arsenic, This Journal, 22, 436 (1939). This method has a
range of 5-500 micrograms of arsenious oxide and was found to have an
accuracy of 99.5 per cent and a standard deviation of 0.85 per cent. In
addition to its accuracy, this procedure has the advantage over other
procedures that not more than 10 Ininutes is required for a determination.
Since the method appeared to be far superior to the present official Gut-

• For report of Subcommittee C and action by the Association, see Thu Journal, 23, 64 (1940).
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zeit method and had the advantages stated over other arsenic micro
methods, the Associate Referee decided to submit it to collaborative
study.

Three arsenic solutions and a sample each of shrimp and tobacco were
sent to collaborators to be analyzed for arsenic. The samples of shrimp
and tobacco served to check, not only the method of determination, but
also the sample preparation with perchloric acid as recommended by
Cassil, This Journal, 20, 171 (1937). The following directions were sent
to each collaborator:

DIRECTIONS FOR THE ANALYSIS OF A.O.A.C. SAMPLES

The analyst should first familiarize himself with the method by running a suffi
cient number of known quantities of arsenic through the generator and the titration
procedure before continuing with the unknown samples. It is believed that the di
rections given in the reprint, previously sent to you, are ample for the arsenic de
termination. If micro burets are not available, use 10 mI. burets graduated to
0.05 mI.

Sample 1, labeled "Arsenic solution (low content)," contains arsenate equivalent
to 5-50 micrograms of As20. per 10 ml. Use 10 mI. aliquot per determination, titrate
with 0.001 N iodine (p. 438 of reprint), and report as micrograms of As20. per
10 mI.

Sample 2, labeled"Arsenic solution (medium content)," contains arsenate equiv
alent to 50-250 micrograms of As20. per 10 ml. Use 10 mI. aliquot per determination,
titrate with 0.005 N iodine and report as micrograms of As20. per 10 mI.

Sample 3, labeled "Arsenic solution (high content)," contains arsenate equiva
lent to 250-500 micrograms of As20. per 10 mI. Use 10 mI. aliquot per determina
tion, titrate with 0.01 N iodine, and report as micrograms of As20. per 10 mI.

Sample 4 (shrimp) and sample 5 (tobacco) are to be treated as follows:
Place 10 gram sample in 800 mI. Kjeldahl flask, add 10 ml. of water to prevent

spontaneous combustion, and then introduce a mixture of 20 mI. of H 2SO. and 15 mI.
of HNO., or add the HNO. first followed by the H 2SO•. As soon as the initial reac
tion has subsided, apply heat from a burner and add more HNO. in small portions
from time to time as the material begins to turn brown or darken. After the third
addition of HNO., add 10 mI. of 60% HCIO. to the solution and continue to heat.
Usually the solution clears or turns yellow (owing to liberation of CI) very shortly,
but if carbonization occurs after the addition of the HCIO., a small portion of HNO.
will clear the solution. Both shrimp and tobacco contain materials that are refrac
tory to acid digestion, but they can be completely digested if an additional 5 mI.
of 60% HCIO. is added and the mixture is boiled for 30 minutes. Make the digested
water-white solution to a definite volume and use a suitable aliquot for the 5 minute
arsine evolution and iodine titration as directed in the reprint. Run each sample in
duplicate and report results as p.p.m. of As20 •.

RESULTS

The results obtained by eight collaborators and the Associate Referee
are given in Table 1. The figures for the arsenic solutions are averages
based on two or three determinations, and those for shrimp and tobacco
are averages of two determinations and two digestions. The precision (or
duplication) obtained by each collaborator is within the limits stated by
Cassil and Wichmann. Some of the recoveries, however, are not so good
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as those shown in the development work, but in general they are a definite
improvement over the empirical procedures previously used for small
quantities of arsenic.

The Associate Referee believes that the next set of collaborative sam
ples will make an even better showing, because certain improvements
were developed after the collaborators' results and suggestions had been
received.

TABLE I.-Collaborators' analyses on three arsenic solutions and a sample each
of shrimp and tobacco

ARSENIC SOLUTIONS

COLLABORATOR SHJIDlP TOBACCO

No.1 No.2 No.3

microgram As.O. per 10 mi. p.p.m. As,a.

Arsenic added
30.0 150.0 375.0

Arsenic found by collaborator
American Can Company,

O. F. Ecklund 28.0 149.5 371.5 14.0 35.1
California Department of Agriculture 31.1 145.0 367.7 15.6 32.7
U. S. Department of Agriculture:

Food and Drug Administration
A. K. Klein 29.8 148.9 361.3 15.3 38.1
D. M. Taylor 28.1 142.0 376.0 15.2 40.5
P. A. Mills 26.9 151.0 372.5 14.9 41.3

Bureau of Entomology and Plant
Quarantine
L. Koblitsky 33.7 154.3 376.8 10.3 29.3
J. E. Fahey 26.1 136.8 325.5 13.6 31.3
C. C. Cassil 29.1 148.0 372.0 15.4 34.8
H. D. Mann 155.0 374.0 13.4 36.8

Average 29.1 147.8 366.4 14.2 35.5
Average per cent recovered 97.0 98.5 97.7

MODIFICATION OF METHOD AND PRECAUTIONS

Experiments have shown that the method can be definitely improved
by the omission of the potassium iodide, reagent (g). There is sufficient
iodide in the standard iodine solutions (25 grams per liter), and when the
potassium iodide is added in this manner there is a simultaneous oxidation
of the mercury arsenides and the formation of the mercury iodide com
plex. This modification not only saves time in the preparation of reagent
(g) and the quantity of potassium iodide, but the oxidation is faster and
more complete, and much less trouble (if any) is encountered in the stick
ing of the arsenides to the resin tube. If the potassium iodide is added
separately, the mercury particles tend to agglomerate and thus become
more difficult to oxidize. Potassium iodide reagents from two sources were
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used in making two standard iodine solutions, and these gave an average
recovery of 99.1 per cent of arsenic on seven determinations each. These
recovery tests were made to show that the potassium iodide of reagent
grade appears to be sufficiently pure, when used as stated above, without
the necessity of recrystallization, which was previously required.

Potato starch forms small granules that absorb iodine, making the solu
tion titrated appear blue even after the end point has been reached. For
this reason reagent (k) should be made from a good grade of soluble
starch instead of potato starch.

The several granulated zincs that have been tried for the evolution of
hydrogen and arsine in this method give satisfactory results. Some of
these zincs tend to remain on the bottom of the flask or float with a
spongy ball of reduced tin below the surface of the liquid, whereas others
tend to float with a spongy mass of reduced tin at the surface of the
evolution solution. Although all arsenic reduced to trivalent form is com
pletely liberated from the solution in 5 minutes or less by the various
types of granulated zinc used, it appears more desirable to keep the zinc
tin mass below the surface of the liquid so that the generated atomic
hydrogen can obtain better contact with the solution and at the same time
afford better stirring action. If the floating type of zinc is used, about 1
m!. of 1 per cent lead acetate solution will prevent it from floating on top
of the evolution solution. It now seems desirable to specify 20-mesh gran
ulated zinc in place of 20- or 30-mesh, since the larger particles have
suffcient surface area and are less likely to float with the spongy tin.

Stannous chloride reduces arsenious oxide, at least partially, to in
soluble metallic arsenic in a moderately concentrated acid (1+1 HCl or
more concentrated) ; and metallic arsenic is much more difficult to reduce
to arsine by the action of atOInic hydrogen than is the soluble arsenious
oxide. Consequently low recoveries are likely to be obtained if the stan
nous chloride is added to the evolution solution before the final dilution
(80-90 m!.) is made.

Standard ground-glass joints are not always gas tight. Obviously when
gas is lost through imperfect ground-glass joints, the recoveries are cer
tain to be low. Such leakage can be obviated by grinding the joints with
fine emery dust; if the leaks are not too large, the apparatus can be
hermetically sealed with a small quantity of stopcock grease.

AtOIniC hydrogen produced by the action of acid on zinc, under the
conditions of the method, is not capable of reducing arsenate to arsine
quantitatively. The reduction of arsenate to arsenite by potassium iodide
is a function of acid concentration, temperature, and time. This rapid
volumetric method allows no additional time for the reduction of ar
senate to arsenite. When the required amounts of acid and potassium
iodide are added to an aliquot of arsenate solution not exceeding 50 m!.
before final dilution, complete reduction and recoveries are obtained. If
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the aliquot exceeds 50 mI. before the addition of these reagents, a loss of
2-10 per cent may result due to incomplete reduction. One collaborator re
ported that he did not have this difficulty with 75 mI. aliquots when he
allowed time for reduction as given in the official Gutzeit method. Since
it is seldom necessary to use an aliquot greater than 50 mI., the above
facts do not place a limitation of any consequence on such a flexible
method.

The perchloric acid procedure described is necessary for materials such
as shrimp, tobacco, dyes, etc., since they cannot be completely destroyed
by the ordinary sulfuric-nitric acid digestion. If the procedure is followed
as directed, there is a considerable saving in time and reagents, but some
analysts do not like to use perchloric acid because of the alleged danger
connected with such a digestion. However, the perchloric acid may be
added after the usual nitric-sulfuric acid digestion appears to be complete.
To make sure that the digestion is complete by either procedure, it may
be necessary, even after the solution is taken to white fumes, to add two
additional 5 mI. portions of perchloric acid (60%) and heat to fuming
each time. A sure test for complete digestion is the failure to obtain a dark
or black appearance of the zinc in the arsine-generating flask after the
reagents are added.

RECOMMENDATIONSl

It is recommended that further collaborative study be done on this
method, since these results are not so good as those reported by Cassil and
Wichmann and because certain improvements have been made.

REPORT ON COPPER

By DAVID L. DRABKIN (Medical School, University of
Pennsylvania, Philadelphia, Pa.), Associate Referee

The following samples were subjected to analysis by several
collaborators:
1. 0.025 mg. Cu in dilute HCI.
2. 0.025 mg. Cu plus 0.01 mg. Co, 0.01 mg. Ni, and 0.01 mg. Bi in dilute HCI.
3. 0.025 mg. Cu plus 0.01 mg. Co, 0.01 mg. Ni, and 0.10 mg. Bi in HCI.
4. 0.025 mg. Cu plus 0.025 mg. Co, 0.025 mg. Ni, and 0.10 mg. Bi in HCI.

The determination in all cases was by means of the colored diethyl
dithiocarbonate complexes extracted by 10 mI. of iso-amyl acetate, and
the use of the photometric procedure suggested by the Associate Referee,
This Journal, 22, 320 (1939).

Upon Samples 1 and 2, three collaborators obtained the following
results:

1 For report of Subcommittee C and aotion by the Association, Bee Thi8 JO'Urnal, 23, 64 (1940).
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Visual filter photometry
Photoelectric filter photometry

Maximum deviation (%)
5.2
2.1

Visual filter photometry, and cyanide separation
Photoelectric filter photometry, and cyanide separation

Upon Sample 3, results were unacceptable by the direct procedure
(i.e. involving no separation of copper from contaminants), but were good
by the Associate Referee's method of difference, with cyanide, Ibid.

Maximum deviation (%)
7.1
1.9

These results verify the effectiveness of the use of cyanide in correcting
for contamination by bismuth, and also confirm the fact that contamina
tion with small quantities of nickel and cobalt is of little moment, Ibid.

Good results upon Sample 4 were obtained only after copper was sep
arated from the cobalt and nickel by treatment with hydrogen sulfide in
acid solution by the technic (Method I) suggested by Coulson, Ibid., 19,
219 (1936) and subsequently corrected for contamination by bismuth by
the cyanide method.

It is the opinion of the Associate Referee that during the next few years
objective or photoelectric methods will largely replace so-called colori
metric methods. In view of this possibility lists of filters have been pre
pared, so that the users of different instruments may have no trouble in
choosing filters. It has been verified that, aside from sufficient total trans
mission, the main consideration is the wave-length location of the maxi
mum transmission of a filter, so that glass composites such as the Corning
colored glasses, or Wratten dye-impregnated gelatin filters, may be used
interchangeably.

The Associate Referee believes that the method is ready for tentative
adoption by the Association. 1

REPORT ON ZINC2

By E. B. HOLLAND and W. S. RITCHIE, Associate Referees

For further study of a colorimetric method for the determination of
zinc in foodstuffs two samples, with granulated zinc for the standard,
were submitted with detailed directions to various collaborators. The
response as usual was restricted by the pressure of other duties. Sample 1
was polished rice and Sample 2, seed rye. Both samples were substantially
air dry and ground in a 1 mm. sieve.

Some operators experienced difficulty in ashing the rice, which yielded
a compact ash that retained a portion of its zinc unless boiled. The rye
gave a light bulky ash that was more easily extracted. The analytical
results are shown in the table.
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The details of the method, which was adopted as tentative, will be
published in the new (1940) edition of Methods of Analysis, A.O.A.C., to
issue about July 1st, 1940.

The collaborators seemed to acquire the general technic more readily
than was expected, but their control was faulty. Attention may be called
to several features of the work that merit consideration.

(1) The ash solution should be heated to boiling to insure complete solution of
the zinc. Digestion on a steam bath was indefinite and proved inadequate.

(2) The dithizone should be carefully prepared and added in small portions to
the proper tint in the first and third extractions.

(3) Many operators can not control consecutive visual readings of the colorim
eter within ±0.20 and different individuals show a wider range than this on the
same solution. A photoelectric instrument is preferable.

Summarized results

R. W. Barton, Mead Johnson & Co., Evansville, Ind.
L. N. BeMiller, Mead Johnson & Co., Evansville, Ind.
E. J. Miller, Michigan State College, East Lansing, Mich.
L. V. Taylor, American Can Co., Maywood, Ill.
W. O. Winkler, U. S. Food and Drug Adm., Washington, D. C.
R. A. Caughey,· Agricultural Expt. Station, Amherst, Mass.
W. H. Hastings, Agricultural Expt. Station, Amherst, Mass.
W. H. Hastings, solution boiled
V. F. Coutu, solution boiled, Agricultural Expt. Station,

Amherst, Mass.
Av.

P. A. Clifford, t U. S. Food and Drug Adm., Washington, D. C.

• By the original method.
t Received too late to be included in average.

Sample 1
p.p.m.
24.4
18.7
21.0
24.5
26.22
18.33
22.32
24.69

22.06
22.47
25.3

Sample 2
p.p.m.
31.4
31.2
51.0
49.4
24.31
41.84
44.54
45.53

45.52
40.53
39.6

REPORT ON FLUORINE

By P. A. CLIFFORD (U. S. Food and Drug AdIninistration,
Washington, D. C.), Associate Referee

The Willard and Winter method1 for titration of fluoride with thorium
nitrate, as modified by several investigators, has proved very satisfactory
for the larger quantities of fluorine, but efforts to adapt this procedure to
Inicro quantities ( < 50 micrograms) have not been so successful. There are
several reasons for this.

The mechanism of the Willard and Winter titration involves the addi
tion of a standard thorium nitrate solution to a solution of fluoride, in the
presence of alizarin, untill all the fluoride present is bound up as insoluble
thorium fluoride. At this point further addition of thorium solution re
sults in the formation of a purple thorium-alizarin lake, and under opti
mum conditions of pH and with a thorium solution of sufficient strength
this end point is very sharp.

1 Ind. Eng. Chern., Anal. Ed., 5. 7 (1933).
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Adaptation of this general procedure to the micro determination of
fluorine has necessitated the use of a very dilute standard thorium solu
tion (commonly about .0004 N) and even when the titration is conducted
in very small volume the end point is not so sharp. McClure2 reports an
average of 0.36 m!. of standard .0004 N thorium solution, equivalent to
approximately 2.0 micrograms of fluorine, consumed merely in developing
the thorium-alizarin lake to a satisfactory end point. The Associate Ref
eree has attempted to check photometrically the rate of development of
this end point lake as follows:

Twenty micrograms of F. as NaF was measured into each of a series of 10 ml.
volumetric flasks, 0.25 ml. of a 0.01 % solution of alizarin red was added, and the
solutions were brought to the transition point of the indicator by a trace of dilute
(0.01 N) Hel. Next 0.25 ml. of the Hoskins-Ferris buffer mixture and the indicated
quantities (Table 1) of an approximately 0.0004 M solution of Th(NOa). (0.25 g.
of Th(NOa).· 12H.O per liter) were measured into the flasks. After dilution to mark
the mixtures were filled into a 2 inch cell and read with a photometer and mono
chromatic filter centered at 514 mu. (This wave-length point is about optimum for
tracing the development of the reddish-purple thorium-alizarin lake.)

Scale readings and descriptions of the colors are given in Table 1.

TABLE I.-Scale readings and colors

Th(NO.). SOLUTION

mi.
0.0
0.50
0.75
1.00
1.25
1.50
2.00
2.50
3.00
4.00

BCALE UADING

0.0
0.4
1.0
2.4

5.3
9.7

12.4
14.4
14.8

APPEARANCE

Greenish yellow
Greenish yellow, paler
Tannish yellow
Pinkish tan
Stronger pinkish tan
Tannish pink
Pink
Stronger pink
Purplish
Purplish

Scale readings are plotted in Figure 1, and the curve shows that under
these conditions the lake develops slowly but progressively before the
equivalence point (about 0.75 m!.) is reached, and more rapidly there
after. Visual changes are apparent almost from the start and are quite
noticeable at the equivalence point. The relative appearances of the colors
were not altered appreciably when the titrations were conducted in small
volumes in vials, with less indicator and buffer. It is noted that con
siderable excess thorium, with this dilute solution, is required to bring
the color to the "incipient pink" usually taken as an end point. In this
case the operator would probably choose an end point at, or a little
above, 1.0 m!. of thorium.

• Ibid., 11, 171 (1939).
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Thus, the end point is apt to be sluggish for the micro titration, and
these figures point to the fact, not often stressed, that the titration with
very dilute thorium solutions does not involve an end point in the usual

FIG. 1
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sense of an abrupt color change after the equivalence point is reached,
but rather an equilibrium condition between fluorine and thorium, and
indicator and thorium.

If conditions are rigidly standardized and titrations carried to the same
end point, accurate results can be obtained, but it is sometimes difficult
to reproduce this end point even when a reference titration vial is used.
The reasons for this may be quite obvious. The end point is produced by
a lake, and lakes are apt to assume different appearances, depending upon
their degree of dispersion as affected by agitation, slight differences in
pH, and excess of dissolved salts.

When a fluorine distillate is evaporated the perchloric acid, always
present, must be neutralized. This introduces a variable amount of ex
traneous salt and is responsible for the plus "neutralization error" dis
cussed by Dahle et al., This Journal, 21 t 470 (1938). This may be due to
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pH disturbanoes, but it is quite possibly due to partial coagulation of the
end point lake by the excess salt. On the other hand, McClure reports
losses of fluorine when evaporations are carried out in glass or porcelain
instead of in platinum.

It would thus seem to be very desirable to eliminate the necessity for
neutralization and evaporation of a fluorine distillate. Dahle, the previous
referee, has indicated such a method as a variation of the "back-titration"
procedure (loc cit.). The various steps are as follows:

1. Distil the ashed sample from HCIO., using the precautions for obtaining 1.

low-acid distillate, and make the distillate to volume, usually 150 m!.
2. Titrate an aliquot portion (at least 40 m!.) with 0.05 N NaOH, using alizarin

red as indicator. To another 40 m!. of distillate, contained in a 50 m!. Nessler tube
(preferably glass-stoppered) add enough 0.05 N acid to make the total acidity in
the tube equal to 2.00 m!. of 0.05 N acid. Either standard 0.05 N HCl or HCIO.,
which are interchangeable for the purpose, may be used.

3. Add 1 m!. of 0.01 % alizarin red indicator, mix, and add Th(N03). solution of
approximately .0004 M strength until the transition point of the indicator, an "in
cipient pink" or "tannish pink," appears. Make to volume. (Care must be taken
to develop the indicator color to this intermediate shade; if the end point is taken
too yellow, over titrations in the back titration will result, and if the end point is
taken too red, the analyst is apt to under-titrate.)

4. To a "blank" Nessler tube, matched for height with the "sample" tube, add
about 40 m!. of water and 2.00 m!. of 0.05 N acid. Next add and mix in exactly the
same quantity of indicator and thorium solutions used in the "sample" tube. Back
titrate with standard fluoride solution (1 m!. = .01 mg. of F) until the colors match,
making nearly to volume before adding the last few drops of solution. Allow all air
bubbles to escape before making the final color comparison, and check the end point
by adding 1-2 drops of excess fluoride. A distinct "over-bleach" should develop.

Nessler tubes (100 mI.) with 4.00 m!. total of .05 N acid and 2.00 mI.
of indicator may be used. In this case a 75 mI. aliquot (half of total dis
tillate volume of 150 mI.) is convenient. The back-titration can be success
fully applied even when the acidity of the distillate is considerably be
yond the optimum 2.00 mI. of .05 N acid per 40 mI., although the upper
limit is about 8.00 m!. In these cases the acidity of the "blank" tube is
adjusted to an equal figure. The Associate Referee considers that this
procedure is the best modification of the thorium micro titration because
it effectively eliminates salt or neutralization errors.

Dahle and other investigators have noted an apparent fluorine content
of the distillate from pure freshly boiled perchloric acid. The Associate
Referee has found this "distillation blank" to vary from 2 to 7 micrograms
of fluorine per 150 mI. of distillate. For a time it was thought that this
blank was actual fluorine leached from the glassware of the still during
distillation, but repeated evaporation and re-distillation of the same dis
tillate did not cause this bank to mount.* Some substance, possibly chlo
rine from the perchloric acid, is developed during the distillation and

* More careful work has subsequently shown that a small portion of this blank is actually fluorine
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interferes by altering or partially bleaching the color of the end-point
lake. It was impossible to eliminate this "distillation blank," which is
believed to be the only factor limiting the accuracy of the back-titration
procedure.

DETERMINATION OF FLUORINE WITH ALUMINUM AND
AURINTRICARBOXYLIC ACID (ALUMINON)

Fluoride combines with aluminum under certain conditions to form a
complex anion, probably AlF6 /''. Therefore it is prominently mentioned
as an interference in most colorimetric methods for aluminum. During
the past year a method has been developed that utilizes the measure of
this interference with a standard colorimetric aluminum method to
estimate fluorine itself.

Aluminum combines with aluminon to form a highly colored reddish
purple lake. The reaction is conducted in a medium strongly buffered at
about pH 4.5, and the colors with known quantities of aluminum and a
definite quantity of the dye are used as standards in the estimation of
unknown quantities of aluminum. Fluorine prevents full development of
this lake color and with a properly chosen ratio of aluminum to dye this
"bleaching," expressed as photometric density (-log T), is proportional
to the amount of fluorine present. Various ranges of fluorine concentra
tion may be covered by varying the quantities of aluminum and dye. The
colors produced are entirely reproducible, and are quite stable if a stabilizer
such as gelatine is used. The Associate Referee intends to use the method,
in conjunction with the back-titration procedure, in the analysis of a large
number of samples of biological material. An application of the method to
the determination of fluorine directly in apple "strip" solutions has given
encouraging preliminary results. Details should be fully worked out by
next year.

It is recommended that work on fluorine be continued.

REPORT ON LEAD

By P. A. CLIFFORD (U. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

Work this year was confined to a collaborative study of the determina
tion of lead in maple sirup. The rapid colorimetric dithizone method of
Perlmanl has proved very attractive to chemists engaged in the routine
examination of this product for lead. Several objections have been made
to his procedure: (1) The use of a rather small (15 gram) sample, which
may not be representative in cases where the sirup contains considerable
sediment and which may be difficult to weight out with accuracy on ordi-

1 Ind. Eng. Ohem., Anal. Ed., 10, 134 (1938).
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nary trip scales; (2) the somewhat awkward way of taking the aliquot
and the difficulty, sometimes experienced, in withdrawing a clear 11 ml.
aliquot after the preliminary dithizone shake-out because of emulsion
formation; and (3) the necessity for working up another sample for a
repeat determination if the range is exceeded, as 10 of the 11 ml. of "strip
acid" is used in the color development.

Two samples of sirup were sent out for study. Sample A was a commer
cial sirup of rather poor quality, with high zinc content but testing low
in lead; and Sample B was a portion of the same sirup to which had been
added pure lead nitrate equivalent to .016 grain/lb.

TABLE I.-Net results on collaborative samples of maple sirup (grain/lb.)

COLLABORATOR-
REAGENT

BUm<
8AKPLB A 8AIIPLlll B B-1. ElmO"

1 .001 .003 .021 .018 +.002
.003 .020 .017 +.001

2 .001 .002 .018 .016 .000
.002 .018 .016 .000

3 .000 .000 .020 .020 +.004
.000 .020 .020 +.004

4 .0005 .0039 .0195 .016 +.000
.0040 .0200 .016 +.000

5 .002 .006 .020 .014 -.002
.006 .020 .014 -.002

6 .000 .001 .018 .017 +.001
.001 .018 .017 +.001

7 .001 .003 .019 .016 .000
.003 .018 .015 -.001

• The collaborators were:.l, M. D. Voth, Food & Drug Adm., :E!oston; 2, G. Kirsten, Food ~ Drug
Adm., New York; 3, D. W. Williams, Food & Drug Adm., San FranclSco; 4, L. Greathouse, Washmgton,
D. C.; 5, C. J. Tressler, New York Agr. Exp. Sta., Geneva; 6, S. Berman, Food & Drug Adm., Buffalo;
7, P. A. Clifford. A8sociate Referee.

Collaborators were requested to analyze these samples by a modified
procedure designed to eliminate the cited objections to Perlman's method.
A 50 gram sample was specified, and the preliminary acid treatment was
with 10 ml. of concentrated hydrochloric acid added directly to the sirup
in the centrifuge bottle, as it was thought that the diluted acid used by
Perlman might not dissolve all insoluble lead. The concentration of the
ammonia-cyanide-citrate reagent was doubled so that excessive volumes
would not be required to neutralize this strong acid for the preliminary
dithizone shake-out, but amounts of reagents were kept roughly in the
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ratio of the different sample weights of 15 and 50 grams. Aliquots were
changed to allow the use of ordinary transfer pipets; viz., 10/20XI0/25.
The directions for standard preparation were retained as these aliquots
represent the same weight of sirup in the final color comparison. The
collaborative results are shown in Table 1.

COMMENTS OF COLLABORATORS

In nearly all cases collaborators noted the extraction of zinc in the
first dithizone shake-out. Collaborator 1 could not always match colors
because of this interference and was compelled, except in one case, to
re-extract a portion of the acid strip solution. Collaborator 2 noted that
zinc came out in the first extraction but was repressed in the final color
development. He noted a yellow "off" shade in the "backing" tubes and
complains that the sorting value of the original PerIman technic is largely
lost because of the interference of zinc in the first dithizone shake-out.
Collaborator 3 repressed the zinc interference in the first shake-out with
2-3 grams of solid potassium cyanide and noted that the sample colors
seemed paler than those of the standards. Collaborators 4, 5, and 6 also
noted zinc coming out in the first extractions. Collaborator 6, in addition,
noted poor color matches with Sample B, but a satisfactory match at
.019 grain/lb. after an additional extraction. He objected to the two
strengths of acid and of ammonia-cyanide-citrate, and to the use of a
larger sample as impairing the speed of the procedure. The volume of
strong dithizone in the preliminary shake-out was stated to be too small
for general application because of excessive emulsion formation with
certain sirups.

With PerIman's unmodified method Collaborator 1 got .003 and .020
grain/lb. on Samples A and B and noted no color interference in the first
shake-out. With the ashing-electrolytic procedure, Methods of Analysis,
A.O.A.C., 1935,379, 14, 17, 18, he obtained respective results of .002 and
.019 grain/lb. Collaborator 2 got .003 and .019 grain/lb. with the un
modified colorimetric method. Collaborator 5 got .003 and .019 with his
own method.

Most of the collaborators noted approval of the different system of
taking an aliquot and of the use of the larger sample. The chief complaint
was of the interference of zinc.

DISCUSSION OF RESULTS

Recoveries are sufficiently close to theoretical in most cases to demon
strate the general reliability of the PerIman technic. The suggested modi
fication apparently does more harm than good because of zinc interfer
ence and the appearance of "off" shades in the color development. These
difficulties were not noted in the unmodified procedure and are apparently
due to the use of the larger sample and to the more drastic "mushing."
The strong hydrochloric acid apparently partially decomposes the sugar



310 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [VoZ. XXII I, No.2

and liberates groups that react with cyanide, thus permitting zinc to be
extracted. The use of strong hydrochloric acid was probably a Inistake,
as the diluted acid of Perlman appears just as efficient in dissolving lead.

The study should be repeated after these troubles are overcome with a
view towards tentative adoption of the method. It is recommended that
work on lead in foods be continued.

REPORT ON MERCURY

By W. O. WINKLER (U. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

The work this year consisted largely of a consolidation of the work done
in the past. It was directed mainly to the preparation of the solution for
the determination of mercury, and to the concentration of mercury with
powdered zinc. The investigation resulted in a more accurate method of
titration both for very small quantities (0-15 micrograms) and for larger
quantities (0-250 Inicrograms) and in a better understanding of the
difficulties encountered in the photometric method.

CONCENTRATION WITH ZINC

It was shown in the report of the Associate Referee two years ago,
This Journal, 21, 220 (1937), that mercury could be completely removed
from a slightly acid solution by replacement precipitation with powdered
zinc. The quantity of zinc required (3 grams) contributed 12-14 Inicro
grams of mercury. By preparing a smooth coat (filter strata) of zinc
on a No.3 porosity fritted glass filter crucible (Ace), the Associate Ref
eree found that it was possible to remove mercury completely from the
pure solutions (slightly acid HCI), using only 0.8 gram of zinc. This
quantity of zinc contributed only 3.2 Inicrograms of mercury. Time has
not perInitted the investigation of the removal of mercury from organic
solutions by this method. Some results obtained on pure solutions are
given in Table 1.

DIJ'J'ERENCB

BETWEEN Hg FOUND

AND PRESENTf

TABLE I.-Recovery of Hg from slightly acid solutions by filtration
through zinc dust (micrograms)

Hg TOTAL

CONTRJBUTED Hg
BY ZINC'" PRESENT

ADDED

micrograma

11.32 3.2 14.5 13.5 -1.0
14.53 3.2 17.7 17.7 -0.0
21.28 3.2 24.5 23.8 -0.7
45.54 3.2 48.7 48.1 -0.6

each:;r!:;l~g content of the Zn may not be uniform and the figure may therefore be slightly different in

t Anr error in determination or reading of buret in adding the Hg is also present in the result. The
~dtH: ~o':~.in the Zn if not entirely uniform would also oontribute to the differenoe between Hg present

The results show that the procedure is worthy of further study.
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ISOLATION AND PREPARATION OF THE MERCURY SOLUTION

In the present tentative method, Methods of Analysis, A.O.A.C., 1935,
395, 4, the mercury is concentrated from the original acid extract of the
food (after the latter has been oxidized) by a preliminary extraction with
dithizone. These dithizone extracts are then either evaporated and the
dithizone residue oxidized, or the dithizone is oxidized directly while in
solution in the solvent (CClt or CHCla) by shaking with a warm oxidizing
solution. A much more satisfactory procedure for accomplishing this is
by transferring the mercury from the dithizone-solvent phase to the aque
ous phase. This can be done as indicated in the report of 1937 by shaking
with an acid thiosulfate solution. Destruction of the sodium thiosulfate
with potassium permanganate then releases the mercury from the thio
sulfate complex. Excess permanganate is reduced with hydroxylamine
hydrochloride, which produces a solution very stable to dithizone and
ready for determination. The transfer can be made without loss with
dilute nitric acid in place of sulfuric acid, which was formerly used.

It is proposed, therefore, to treat the dithizone extracts obtained as
indicated above in the foIlowing manner in place of the present A.O.A.C.
procedure:

Place the dithizone (CCl.) extracts in a separatory funnel (125-250 mI.), add
40 mi. of distilled water, 1 mI. of HNO. (1 +19), and 5 mi. of 1% Na.S.O•. Close
the funnel and shake vigorously for 30 seconds. Allow the layers to separate and
draw off the CCI. layer. Filter the aqueous layer through a wet plug of cotton in a
short-stemmed funnel into a 500 mI. Erlenmeyer flask to remove any CCI. droplets.
Wash the separatory funnel with 2 portions of water (about 5 mi. each) from a wash
bottle and then use these portions to wash the short-stemmed funnel by allowing
it to run down the sides of the latter. Add 1 mi. of HNO. (1 +1) and 6 mI. of a satu
rated solution of KMnO. and place an air condenser about 2.5 feet long held by a
rubber stopper in the flask and then place the flask on the steam bath for 8-10 min
utes. (Before preparing the air condenser, boil the stoppers in distilled water.)

Remove the flask from the steam and cool to 35° or below. Then add slowly
(dropwise) a 10% solution of NH.OH· HCl while shaking with gentle rotation until
the solution is clear. Add the last few drops very slowly and rotate the flask to dis
solve any particles on the side. Then add 0.4-0.5 mi. of the NH.OH . HCl solution
in excess. Place a thermometer in the flask and warm on the steam bath to just
60° C. Remove the flask and the thermometer from the bath and cover for 1 minute,
then cool the flask under a tap of cold running water. The solution is now ready for
the determination.

DETERMINATION OF MERCURY

The work of the actual determination has resulted in increased sensi
tivity of the titration procedure and in a clearer diagnosis of some of the
difficulties encountered in the photometric determination. For very smaIl
quantities (0--15 micrograms) a comparative titration was devised; it is
the reverse of the one reported by the Associate Referee two years ago,
This Journal, 21, 225 (1938), and is a modification of H. Fischer's method. 1

1 Z. Anal. Chem., 103,241 (1935).
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The details of the method will be published in Methods of Analysis,
A.O.A.C., 1940, to issue about July 1st, 1940.

Results obtained by the method are given in Table 2.

TABLE 2.-ResuUs by modified method
Hg PBlI:smNT Hg roUND

micrograma microgram.

11.6
6.5
4.4
3.1

11.6
6.5
4.4
3.1

The quantities of mercury were measured out with a 10 mI. buret
graduated to 0.05 mI., from a standard solution containing 10 micro
grams per mI. Readings were estimated to .005 m!. The results are con
sidered to be remarkable as they are as accurate as it was possible to
read the buret used. The determinations were made with regular 125 m!.
Pyrex pear-shaped separatory funnels.

TITRATION OF LARGER QUANTITIES

Quantities of mercury of 16-250 micrograms may be titrated with
dithizone of the same strength (10 mg. per liter). For quantities greater
than 250 micrograms, an aliquot of the final mercury solution can be taken
or a stronger dithizone solution used. The titration should be made similar
ly to the present tentative A.O.A.C. method, that is, by adding a 3 mI.
portion of dithizone, shaking, and drawing off the extract after each
second addition until an excess of dithizone has been added. From this
point the procedure differs somewhat from the present A.O.A.C. method.

Since the quantity of mercury remaining in the funnel at the last can
be determined with considerable precision by the comparative method
discussed in this report, and the mercury equivalent of the dithizone
when saturated can be determined accurately, the procedure should give
accurate results on fairly large quantities of mercury.

PHOTOMETRIC DETERMINATION

It was stated in last year's report that there was a rise in the photo
metric reading of the dithizone containing mercury shortly after it was
placed on the photometer. This rise occurred when a filter centered at
610 millicrons (No. 61) was used, but with a No. 49 filter there appeared
to be a drop in the reading. It was suggested last year that the readings
be made after equilibrium had been reached and the reading came to a
maximum. However, this procedure does not appear to be advisable be
cause the change is not always the same and readings of standards are
often out of line. There appears to be a shift in the mercury-dithizone
equilibrium, probably from keto to enol form under the influence of a
strong light. Further work will be necessary to determine whether this
difficulty in the photometric method can be overcome.
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RECOMMENDATIONSl
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It is reconunended--
(1) That the tentative method for the determination of mercury be

changed to conform to the findings of the work done this year.
(2) That collaborative work be done on the titration method.

No report on selenium was given by the associate referee.

No report on fumigation residues in foods was given by the associate
referee.

REPORT ON FRUIT AND FRUIT PRODUCTS

By B. G. HARTMANN (U. S. Food and Drug Administration,
Washington, D. C.), Referee

No reports were received on the subjects of electrometric titration of
acids and polarimetric methods for jams and jellies.

The subject of the determination of ash in fruit products was studied
by Associate Referee R. A. Osborn and 10 collaborators. The report in
eludes ash results obtained on a master solution of a strawberry preserve
by three procedures, direct ash, carbonated, and sulfated ash. Based on
the good agreement obtained by the analysts, the Associate Referee dis
cusses the merits of the three procedures from the standpoint of manipu
lation and serviceability. Although no definite preference for anyone of
the three procedures is voiced, it appears that the Associate Referee pre
fers the direct ash in the case of products yielding an alkaline ash, such as
fruit products.

The Referee agrees with the Associate Referee's views regarding the
three methods of ash determination and concurs in the reconunendations
made by him.

H. Shuman submitted a paper on the volumetric determination of
P 20 5 in fruit products. He states that the presence of sulfates and silicates
tends to give high results and suggests an over-all blank to correct for
these interferences. Mter such a blank had been introduced 8 analysts
reported well agreeing results on a synthetic P 20 5 solution and a sugared
grape juice. The results on the synthetic solution are somewhat high,
about 0.9 mg. on the average on 19 samples.

As in the past, the Referee has devoted much time to methods for de
termining fruit acids. Although considerable progress has been made,
much still remains to be done before a final report can be written regard
ing the determination of isocitric and inactive malic acids.

1 For report of Subcommittee C and action by the Association, Bee This Journal, 23, 64 (1940).
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Associate Referee H. Gerritz has introduced several modifications into
the Zinzadze procedure for the determination of P 20 6 in fruit products,
thereby greatly improving the accuracy of the method presented last
year. Collaborative results show that the volumetric method gives
appreciably higher results than the colorimetric method.

RECOMMENDATIONSl

It is recommended-
(1) That the study of electrometric titration of acids be continued.
(2) That the study of polarimetric methods for fruit products be

continued.
(3) That the study of P 20 6 in fruit products be continued.
(4) That the study of ash in fruit products be discontinued.
(5) That the study of acids in fruit products be continued.

No report on electrometric titration of acids was given by the associate
referee.

No report on malic, isocitric, and lactic acids was given by the associate
referee.

REPORT ON ASH IN FRUIT PRODUCTS

By R. A. OSBORN (U. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

The determination of ash and of ash constituents, such as potash
(K20) and phosphate (P206), in fruits and fruit products .and the com
parison of such data with the corresponding average values obtained
from the analysis of authentic fruits are of general interest in the estima
tion of fruit content, This Journal, 21, 502 (1938). This report contains a
detailed description of the collaborative study made of three methods of
ash determination during the past year. Data are also given on the
volumetric determination of phosphate in samples of sulfated ash.

Eleven chemists analyzed portions of the same sample solution of a
strawberry and sugar mixture that was prepared according to Methods of
Analysis, A.O.A.C., 1935, 319, 2(Cl). Aliquots of the freshly prepared
sample solution were sent to each analyst in clean Pyrex, glass-stoppered
bottles, and they were analyzed upon receipt for (1) normal ash (two 100
m!. portions); (2) carbonated ash (normal ash previously obtained); and
(3) sulfated ash (two 100 m!. portions of the sample solution). The Associ
ate Referee pointed out that greater care must be exercised in weighing the
normal ash since it is more hygroscopic than the sulfated ash, and also

1 For report of Subcommittee D and action by the Association, see This Journal, 23, 11 (1940).
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that danger of mechanical loss in the sulfated ash determination can be
avoided if overheating does not occur during the preliminary carboni
zation.

The following directions for the ash determinations were sent to the
collaborators:

(1) Ash (normal).-At 525°C., This Journal, 21, 504 (1938). Determine the
ash of the sample solution as directed in Methods of Analysis, A.O.A.C., 1935,321,9,
and 336, 8, with the temperature of ashing not over 525°C. When excessive swelling
or foaming occurs, add 2 or 3 drops of asWess olive oil as provided, Ibid., 465, 8 and
9. Regardless of the appearance of the ash, moisten with water and without re
filtering, dry on the steam bath and hot plate, and ash in the muffle. When the ash
is free from carbon, place in a desiccator for at least 30 minutes, using one desiccator
to each platinum dish and an efficient desiccant. Obtain the approximate weight,
reheat in the muffle furnace at 525°C., cool as before, place the approximate weights
on the balance pan before removing the dish from the desiccator, and weigh accu
rately and quickly. If constant weight has not been obtained (two weighings differ
by more than 1 mg.), reheat, cool, and reweigh.

(2) Carbonated Ash.-Add 5 ml. of 10% (NH.hCOa (reagent grade) solution to
the ash (normal), stir thorougWy, evaporate on the steam bath, and carefully dry
on a hot plate to avoid spattering. Heat in a muffle furnace for 30 minutes at a
temperature not exceeding 275°C. Cool for 30 minutes in a desiccator, using one
desiccator for each dish. Obtain the approximate weight, then reheat at a tempera
ture not above 275°C. for at least 15 minutes, cool, and weigh accurately and
quickly. If constant weight has not been obtained (two weighings differ by more
than 1 mg.), reheat, cool, and reweigh.

(3) Sulfated Ash.-To 100 ml. of sample solution add 5 ml. of a mixture of 20%
reagent grade (NH.)2S0. and 10% reagent grade H 2SO. in distilled water and
evaporate to dryness in a platinum dish on a steam bath. Holding the dish by the
edge with a pair of crucible tongs, heat over a moderate free flame until charring
is complete. Use care to avoid spattering and luminescence of the platinum while
charring and protect from drafts while burning. Place the dish in a controlled
muffle at 525°C. until almost carbon free. Remove from the muffle, cool and add 5 mL
of 10% H 2SO. solution, wetting all portions of the ash. Heat moderately over a
free flame until heavy fuming of SO. ceases and place in the muffle at 600°C. until
a carbon-free ash is obtained. Cool in an efficient desiccator and weigh promptly
after reaching room temperature. If a practically carbon-free ash is not obtained
after heating 30 minutes at 525°C., resulfate and heat for 30 minutes at 600°C.;
again resulfate, and heat 30 minutes at 600°C. before weighing. If appreciable quan
tities of carbon remain at the time of the final resulfating, low results may be
obtained due to formation of sulfides rather than sulfates.

COLLABORATIVE RESULTS

Table 1 contains the collaborative results. Those obtained with each
of the three ashing procedures are in good agreement, and in general, the
duplicate determinations by each of the three methods agree closely. An
evaluation of the three procedures may be obtained by a comparison of
the results of one analyst with those of the other ten.

The average carbonated ash value is approximately 7 per cent greater
than the normal ash value. The average sulfated ash value is approxi
mately 18 per cent greater than that of the normal ash. On the basis of
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TABLE I.-Collaborative results on sample solution of strawberry and sugar mixture

PBOCEDURE 1 PROCEDURE 2 PBOCEDUBE3
ANALYST BTATION* ASH CARBONATED SULFATED

ASH ASH

per cent

J. L. Hogan New York .206 .225 .258
.208 .222 .262

C. A. Wood New York .206 .220 .257
.206 .219 .257

E. H. Wells Chicago .206 .217 .247
.203 .219 .236

F. J. McNall Chicago .211 .227 .244
.206 .224 .237

J. T. Field St. Louis .231 .245 .265
.229 .243 .263

Samuel Alfend St. Louis .231 .243 .263
.229 .242 .263

H. W. Gerritz San Francisco .199 .216 .255
.202 .219 .250

H. M. Bollinger San Francisco .239 .245 .255
.217 .225 .253

H. J. Wichmann Washington, D. C. .207 .216 .274
.208 .218 .274

N. J. Menard Washington, D. C. .193 .213 .261
.198 .218 .258

R. A. Osborn Washington, D. C. .203 .225 .261
.205 .227 .263

Average .211 .226 .257

.. U. S. Food and Drug Administration.

the tabulated data, no particular one of the ash procedures appears to
have an advantage over the others from the standpoint of reproducibility.
The determination of carbonated ash involves one more step than that of
normal ash. In addition, care must be exercised to avoid heating above
275°0., or some of the carbonates may be decomposed. The ash results
are slightly higher and the ash is slightly less hygroscopic than in the
case of normal ash. The majority of the analysts preferred the ordinary
ash procedure even though this ash is more hygroscopic and must be
weighed immediately, particularly on humid days.
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A means to eliminate the difficulty of weighing a hygroscopic ash was
suggested by H. J. Wichmann of this Administration and was used by
the writer. Special lipless platinum dishes were obtained, and light alloy
lids that fit tightly to the inner circumference of the dishes were made on
a lathe from a cylindrical bar of the alloy. A projection from the center
of the lid affords a means for manipulation of the lid with a pair of tongs.
The lids were numbered to correspond with the numbers on the platinum
dishes. Once the lids were placed, the dishes, lids, and hygroscopic con
tents could be weighed on humid days without the slightest increase in
weight.

The determination of phosphate (as P 20.) in sulfated ash samples of
fruit products and in corresponding ordinary ashes was also studied. Three
authentic jam samples were analyzed. Mter the ash had been obtained
the phosphate was determined volumetrically by treating the ash with
hot dilute nitric acid, filtering, neutralizing with ammonium hydroxide,
precipitating with ammonium molybdate reagent, filtering on an asbestos
Gooch, washing, dissolving the precipitate in an excess of standard
alkali, and back titrating with standard acid to the phenolphthalein end
point as directed in Methods of Analysis, A.O.A.C., 1935, 21, 12. The
results are given in Table 2. It will be observed that the sulfated ash sam
ples must receive special treatment before the addition of the ammonium
molybdate reagent. Apparently, the sulfated ashing temperature of
BOOaC. does not result in volatilization of phosphate but rather results
in a change into meta or pyro phosphate.

TABLE 2.-Phosphate (P.O,,) in ash of fruit jams (whole sample)

JAM STRAWBERRY CHERRY RASPBERRY
mg./100 gra"", o/sample

Av. Av. Av.
Ordinary ash 32.8 26.9 29.4
525°C.l 33.0 32.0 27.6 27.3 30.2 29.8

Sulfated ash 13.7 10.3 14.0
600°C.l 16.0 14.9 12.5 11.4 15.4 14.7

Sulfated ash 35.5 26.4 29.4
600°C.' 34.5 35.0 26.5 26.4 29.6 29.5

'Ash treated with 50 mI. of hot RNO, (1 +9). no more heating.
S Ash treated with 50 mI. of hot HNO. (1 +9) and heating continued for 1 hour with addition of

water at intervals to compensate for evaporation.

Considering the advantages and disadvantages of the three methods,
the Associate Referee concludes that the normal ash determination is
preferable. This conclusion is based on several fundamental considera
tions. Sulfating the ash changes the nature of the ash. The determination
must be carried out at BOOac. or above in order to arrive at a constant
weight within a reasonable time. At this temperature there may be
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volatilization of some of the constituents, and also a change in the com
position of the phosphates that causes the ash to be less valuable for the
analysis of ash constituents. These objections do not apply to the normal
ash, which is customarily used in the determination of the ash constitu
ents. The chief objection to the normal ash determination made under
controlled heat conditions is its hygroscopicity, but means for avoiding
this difficulty are available. There are also many published authentic
normal ash data that may be used in the interpretation of results of this
determination.

The Associate Referee recommends the normal ash procedure.

RECOMMENDATIONS·

It is recommended-
(1) That the modifications of normal ash procedure described herein

be included in the official method.
(2) That no further work be done on the subject of ash.

P 20 6 IN JAMS, JELLIES, AND OTHER
FRUIT PRODUCTS

VOLUMETRIC METHOD

By HARRY SHUMAN (U. S. Food and Drug Administration,
Philadelphia, Pa.), Associate Referee

The volumetric method, Methods of Analysis, A.a.A.C., 1935, 20, 10,
offers a simple and convenient means of determining P 20 6 on the ash of
fruits and fruit products. Recent collaborative studies by Shuman, This
Journal, 21, 430 (1938), and by Gerritz, Ibid., 22, 131 (1939), however,
have shown that results by this method vary appreciably.

Substances interfering in the volumetric method and either occurring
in fruit ash or subsequently introduced are sulfates and silicates. Sulfates
(as S04) occur normally up to a maximum of about 55 mg. per 100 grams
in some fruits, the average value for all fruits being about 22 mg. per
100 grams.1 Ross, This Journal, 13,203 (1930) and others have demon
strated conclusively that precipitation of phosphates at 450 -500 C. in the
presence of sulfates yields high results. These studies, however, were
made on relatively large quantities of phosphates and sulfates. Soluble
silicates may be present in the ash, or introduced in neutralizing the
nitric acid solution of the ash with ammonia.

Ammonium hydroxide nearly always contains small quantities of sili
cates derived from the bottles in which it is stored. The presence of
silicates in the determination is denoted by the yellow color of the filtrate
from the phosphomolybdate precipitate. Hillebrand and Lunde1l2 state

• For report of Subcommittee D and action by the ABSociation, see Thi8 Journal, 23,71 (1940).
1 Unpublished data, U. S. Food and Drug Administration.
, Applied Inorganic Analysis, p. 562 (1929).
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that silicates may be carried down by the precipitate as ammonium siJi
comolybdate. They, therefore, recommend the removal of silica by de
hydration or with hydrofluoric and nitric acids before precipitation.

EXPERIMENTAL

Table 1 gives the results obtained with reagent-grade monopotassium
phosphate twice recrystallized, ground, and dried to constant weight at
105° C. With the exception of the method of precipitation used in II,
Table 1, the usual volumetric method was used with 10 grams of ammo
nium nitrate and 20 m!. of the molybdate solution. However, an overall
blank was subtracted from the deterIninations.

TABLE I.-Influence of 8ulfate8 and 8ilicate8 on recoverie8 of 8mall quantitie8 of P.O.
(expre88ed a8 mg.)

POUND

PRJD8J:NT
6.0 IIG. H,SO.

Na:SiO. ADDED 10 IlL. HNO, NlllUTllALlZED
NO INTERJ'ERING A=5.0 IIG. BiO, WITH NlLOH* (A AND B

SUBSTANc»B ADDU B=0.5 IIG. BiO. PROII DDTEBIINT BOTTLl!I8)

A B A B
I. Precipitation for 30 minutes at 45°-50° C.

1.00 1.06-1.06 1.11-1.11 1.37 1.12 1.10 1.19
4.98 5.09-5.12 5.24-5.21 5.18 5.10 5.17 5.22
9.96 10.11 10.37

19.92 19.96
II. Precipitation overnight at room temperature.

1.00 1.07-1.07 1.07-1.04 1.32 1.22
4.98 5.03-5.05 5.12-5.14 5.51 5.24
9.96 9.99 10.02

19.92 19.85
III. Precipitation by shaking 30 minutes (25°-30° C.)

1.00 0.98-0.98 1.01-1.04 1.11 1.02 1.01 1.03
4.98 5.00-5.01 4.99-5.03 5.09 5.01 4.98 5.02
9.96 9.96 10.08

19.92 19.85

* Used in place of 10 grams of NH.NO•.

It is seen (Table 1) that small quantities of sulfates give slightly high
results, particularly with precipitation at 450 -50° C. Small quantities of
silicates have a like effect on the recovery of P 206 when precipitation is
made overnight or at 45°-50° C. The stirring method of precipitation
shows negligible interference from sulfates and silicates.

COLLABORATIVE STUDY

It was believed that more concordant collaborative results than pre
viously reported could be obtained for small quantities of P 20 6 if several
minor changes in the volumetric method were made. Collaboration was
invited, and two samples were sent out as follows: Sample 1 was a solution
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containing 2.85 mg. of P20i and 3.30 mg. of sulfuric acid per 10 mI.,
representing approximately the average quantities of P 20i and twice the
average quantities of sulfate in 15 grams of a jam or jelly. Sample 2 was
a grape jelly prepared from equal weights of grape juice and cane sugar.

The essentials of the directions sent to the collaborators follow.

TABLE 2.-Collaborative results

SA¥PLIl 1 (19.1 "G. """ 100 GRAllS)" SA¥PLIl 2 (..G. PER 100 GRAIlS)

M::EiTHOD OJ' PRECIPITATION lIETBOD 01' PBJl1CIPITATION

COLLABORATOR PtO,BY PtO,JlY
SBAXING OTHER SHAKING OTHER

45°-50" C.
OVER-

OR METHODS 45°-5O"c. OVER-
OR METHODS

NIORT
STIRRING

NIGB"t
STIRRING

J. W. Sanders, Jr. 21.4 21.6 21.3 14.0 13.8 13.5
21.5 21.7 21.4 14.1 14.4 13.6
21.2 21.4 21.1 13.9 14.2 13.9

I. Schurman 20.4 20.3 20.1 13.8 13.9 13.4
20.3 20.2 20.3 13.7 13.8 13.5

---
J. L. Hogan 19.2 19.4 19.1 19.4t 12.7 12.5 12.5 12.3t

H. W. Gerritz 20.0 20.0 19.8 18.8t 12.9 12.9 13.3 12.1 t
19.2t 12.7t

---
A. A. Hochman 19.6 19.4 19.4 12.7 12.7 12.5

19.4 19.6 19.4
---

H. W. Haynes 20.1 19.9 20.0 12.3 12.1 12.8
20.3 12.4 12.1 12.5

11.9
---

J. D. Schuldiner 19.6 19.4 19.3 12.5 12.5 12.2
19.7 12.5 12.5 12.8

---
H. Shuman 20.1 19.6 19.3 13.0 13.4 12.5

20.1 19.8 19.3 13.1 13.4 12.4
---

Average 20.0 20.0 19.8 13.0 13.0 12.9

* 10 mI. of Sample 1 assumed equivalent to 15 grams of a jam or jelly.
t Colorimetric method, Gerritz, This JfYUrnal, 22, 131 (1939).
: Gravimetric method as MgoP,o,.

Sample t.-Pipet 10 mI. into a 250 mI. beaker, or flask, add 2 mI. of HNO.
(1 +1) and 10 grams of NH.N03, dilute to 70-80 mI., heat in a water bath to 45°
50° C., and add 20 mI. of the freshly filtered molybdate solution, Methods of Analy
sis, A.O.A.C., 1935, 19, 7(a). Allow to remain in the bath, stirring occasionally, for
30 minutes. Filter at once through a retentive 9 em. filter paper. Wash the precipi
tating vessel and the filter with small portions of cold water, and finally with CO.
free water until the filtrate from one filling yields a strong color with 1 drop of
0.1 N alkali and phenolphthalein. Transfer the filter to the precipitating vessel,
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unfold the filter paper with the aid of a glass rod, and dissolve the precipitate in a
small excess of 0.1 N NaOH. Dilute to about 50 mI. with CO.-free water, add 6 drops
of phenolphthalein, discharge the pink color with 0.1 N HCI, and complete the titra
tion with 0.1 N alkali. 1 mI. of 0.1 N NaOH is equivalent to 0.3088 mg. of P.O•.
Run a blank determination and subtract the alkali consumed from the sample analy
sis.

Repeat the determination as above, substituting the following procedures for
the precipitation: (a) Allow to stand overnight at room temperature; (b) adjust
to 25°-30° C. and by means of a shaking or stirring apparatus shake or stir for 30
minutes.

Sample 2.-Ash 15 grams as directed in Methods ofAnalysis, A.a.A.C., 1935,321,
9. ·Cover the dish with a watch-glass and dissolve the ash in 11 mI. of HNO. (1 +9),
warm on the steam bath, dilute with water, and transfer to a beaker or flask. Add
10 grams of NH.NO., dilute to 70-80 mI., and complete the determination as di
rected for Sample 1.

The results of this collaborative study (Table 2) show less variation
than do previously reported studies. Most of the results, as shown for
Sample 1, are fairly close to the actual value.

The importance of an over-all blank is shown by the fact that several
collaborators have reported figures as high as 0.30-0.36 m!. of 0.1 N
alkali, the latter being equivalent to 0.7 mg. per 100 grams.

The Associate Referee wishes to express his appreciation for the co
operation given by the collaborators, all of whom, with the exception of
A. A. Hochman of the Quartermaster Supply Office, Brooklyn, N. Y., are
members of the U. S. Food and Drug Administration.

REPORT ON P 20 li IN JAMS, JELLIES, AND OTHER
FRUIT PRODUCTS

By HAROLD W. GERRITZ (U. S. Food and Drug Administration,
San Francisco, CaliL), Associate Referee

Last year the writer suggested a colorimetric procedure for the de
termination of P 20li in fruits and fruit products, This Journal, 22, 131
(1939). The method depends on a wet-ashing procedure followed by the
molybdenum blue phosphate determination devised by Zinzadze.1 The
method gave accurate results, but experience with it revealed certain
difficulties resulting from small differences in salt concentration, volume
and temperature at which color was developed, and time of heating. Also,
under the conditions of that procedure, the color intensity was not a
linear function of the P 20 li concentration in the lower ranges. It was sug
gested that these effects were caused by the high salt concentration re
sulting from the acid digestion.

Schricker and Dawson, Ibid., 167, in a paper presented at the same time
detailed a method for determining micro quantities of phosphates in soil

1 Ind. Eng. Chem.• Anal. Ed., 7, 227 (1935).
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solutions by modifying the Zinzadze procedure to adapt it to the condi
tions of their work. They studied the effect of varying the proportions and
concentrations of the ingredients of the molybdenum blue reagent with
a view to overcoming difficulties ascribed to relatively high concentrations
of salts or buffers present in the solutions with which they were working.
Schricker and Dawson found that increasing the concentration of sulfuric
acid and decreasing that of molybdenum trioxide served to overcome salt
effects, and a similar approach was adopted in the investigation here re
ported. The reagent recommended by them could not be used in fruit
work because the concentration was suitable for a range only one-tenth
as great as that encountered in fruit. In order to cover the greater phos
phate range, it was found necessary to increase the reduction concen
tration.*

A modification of the procedure, designed to standardize the salt con
centration, is recommended, and additional minor modifications and pre
cautions dictated by experience in the routine use of the method are in
cluded in the revised procedure.

Results of this study indicate, as suggested by Schricker and Dawson,!
that the color produced by the combination of phosphate and molyb
denum blue does not appear to be a definite compound. The depth of
color produced by a given concentration of phosphate seems to depend
on temperature and time of heating. It also depends on the concentration
of molybdenum pentoxide, of molybdenum trioxide, and of sulfuric acid,
and thus, indirectly at least, on the salt concentration and on the volume.

EXPERIMENTAL

The use of the Zinzadze reagent as specified in the previous report,
wherein the equivalent of 1 mI. of concentrated sulfuric acid, neutralized
with potassium hydroxide, is present in each test solution, results in con
centrations of constituents of the final 100 mI. of test solutiont as follows:
H 2S04, .25N; MoOa, .00195 M; Mo20., 0.0010 N; and K 2S04, .18 M.

The reagent found most suitable by Schricker and Dawson gave the
following concentrations in the final test solution: H 2S0 4, 0.36 N; MoOa,
.0016 M; and Mo20., .0004 N.

The first step was to increase the acidity of the test solution to .36 N
by preparing a dilute reagent, mixing 10 ml. of Zinzadze's concentrated
reagent with 10 ml. of 11 N sulfuric acid, and diluting to 100 ml.

Column 1 of Table 1 gives readings obtained on standards developed
according to the previous procedure. Columns 2 and 3 give comparative
data when the acidity was increased to .36 N. Inspection of this data
shows that, with increased acidity, although a straight line is obtained
up to about .5 mg. P 20. and the blank reading is reduced, the desired
range is not covered.

• Reduction concentration = concentration of Mo,O. calculated from permanganate titration of the
reagent.

t Test solution refers to the solution in the flask in which color is developed.
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It appeared that the molybdenum pentoxide concentration of .0010 N
was not sufficient in the presence of acidity of .36 N and therefore a second
dilute molybdenum blue reagent was prepared with 11 m!. of the Zinzadze
concentrated reagent and 7.8 m!. of 11 N sulfuric acid. This reagent gave
concentrations in the diluted test solution of H 2S04, .36 N; MoOa, .00215
M; and M020 6, .0011 N.

Results with this reagent are given in Column 4 of Table 1. This modi
fication gave a linear function between photometer reading and P 206
c.oncentration up to .6 mg. Data in Table 1 are represented graphically in
Figure 1.

TABLE I.-Concentrations are given in terms of test solution diluted to 100 ml.
K 2SO.-.18 M throughout

1 2 3 4

H 2SO. .25N .36N .36N .36N
Mo2O. .001ON .0010N .0010N .001lN

P.O. MoO. .00195M .00195M .00195M .00215M
mg./l00 m!.

Photometer reading in millimeters

0 27.9 13.1 12.9 14.0
.1 45.9 34.1 35.0 36.0
.2 64.9 55.8 55.7 57.2
.3 84.0 77.4 77.6 78.7
.4 104.1 98.5 99.1 100.3
.5 124.9 120.1 120.0 121.9
.6 145.8 135.0 138.5 143.1

To study the effect of additional increase of acidity and variation of
molybdenum pentoxide, further mixtures of Zinzadze's reagent and sul
furic acid were made up. The results are shown in Table 2, and represented
graphically in Figures 2A and 2B.

The data given under A were obtained in the absence of potassium
sulfate; those reported under D were obtained in the presence of .18 M
potassium sulfate to simulate conditions resulting from digest solution.

The data indicate that with increased acidity an increase in concentra
tion of molybdenum pentoxide or molybdenum trioxide, or both, is neces
sary to obtain a linear function over the desired P 20 6 range. Section B
indicates that the presence of potassium sulfate has the same effect as
reducing the acidity and thus points to the probability that it acts in the
capacity of a buffer by reacting with the sulfuric acid of the molybdenum
blue reagent to form acid potassium sulfate.

In preparing the reagents as described, it will be noted that the con
centration of both the molybdenum trioxide and the molybdenum pent-
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FIG. 1

FIG.2A
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II
H 2SO.-.36N
Mo20.--.11 N
MoO.-.55M

TABLE 2.-Color was developed for 20 minutes at 98°-99.5°C. in a volume of 90 ml.
Concentration of H 2SO. was .40 N throughout

A B

H.SO. AND KOH EQUIV. TO

.18M(K.so. WE1lJIl ADDED

MoO•.00165 M I .00195 M I .00234 M I .00273M .00195 M -I .00234 M I .00273 M

P.O./mg. Mo.O• .OOO8N .0010 N .0012 N .0014 N .0010 N .0012 N .0014 N

PBOTOlllDTlDB READINGS ()O[.)

0 9.0 9.1 9.1 9.2 10.2 15.0 24.8
.1 29.6 33.0 32.1 30.8 32.6 35.0 42.0
.2 40.1 53.0 54.8 53.9 54.8 56.5 61.3
.3 48.1 72.1 76.1 76.4 76.8 77.8 81.9
.4 52.0 84.2 98.3 99.0 98.1 100.1 102.6
.5 57.0 94.5 117.2 122.1 121.1 121.6 lost
.6 62.0 102.0 132.1 142.9 140.1 142.1 146.1

oxide was varied. The results obtained may therefore reflect, in part at
least, the effect of variations of molybdenum trioxide.

To study the effect of independent variation of molybdenum trioxide
a series of reagents was made up according to Schricker and Dawson's
procedure. Two concentrated molybdenum blue stock solutions were
prepared as follows:

I
H 2SO.-.36N
Mo 20.-.11N
MoO.-.055M

By mixing the proper proportions of I and II, various concentrated re
agents with ratios of MoOa/Mo20. ranging from 1 to 5 were prepared. The
sulfuric acid and molybdenum pentoxide concentrations remained con
stant. Color was developed in a series of standards, these molybdenum
blue reagents being used. Results are given in Table 3 and represented
graphically in Figure 3.

These results show that under the conditions imposed and for a con
centration of .36 N sulfuric acid and .0011 N molybdenum pentoxide, the
optimum concentration of molybdenum trioxide is about .0018 M. The
concentration may be increased to .0022 M without greatly affecting the
linear P 205 color relationship. Either increasing or decreasing the latter
concentrations, markedly, tends to shorten the range over which a linear
relationship holds.

Increase of molybdenum trioxide beyond .0022 M results in effects
similar to lower acidity, i.e., high blanks and a non-linear function in the
lower and upper range. The conditions under which the results of Column
4 were obtained very closely approximate those for Column 4 of Table 1.



326 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXIII, No.2

FIG.2B

FIG. 3
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A difference exists, however, in that .18 M sodium sulfate rather than
potassium sulfate was present in the latter instance because sodium hy
droxide was used as the neutralizing agent. Both yield straight lines and
the slightly higher results throughout in Table 4 (Col. 4) are thought to
be due to differences in P 205 content of the alkalies used. Apparently
either sodium hydroxide or potassium hydroxide may be used as neutral
izing agent so long as the same reagent is used in the standards.

TABLE 3.-Color was developed for 20 minutes at 98°-99.5°C. in volume of 90 ml.
Composition of the diluted test solution was M020.-.0011N, H 2SO.-.36N,

Na2SO. -.18M. The MoO. concentration was varied

MoO. .OOO55M .OOllM .OO18M .OO22M .OO275M

MoO.
-- I 2 3.3 4 Ii
M0201

P.O./MO. PHOTOMETER BEADINGS (MM.)

0 10.3 11.6 13.0 17.0 "30.0
.1 32.4 33.4 34.6 36.7 46.8
.2 45.4 56.6 56.6 59.0 66.5
.3 48.2 78.5 78.7 80.1 86.0
.4 52.2 98.0 100.7 102.2 106.1
.5 52.8 109.0 123.3 124.1 126.4
.6 58.0 125.0 144.5 146.2 147.0

Results of the foregoing studies indicate that for the conditions imposed
a concentrated molybdenum blue reagent should have the following
composition: H 2S04, 36 N; M020 s, .11 N; and Mo03, .18 M.

The method presented has advantages over the method previously
described in that the molybdenum blue reagent prepared according to the
technic of Schricker and Dawson entails much less difficulty than the
preparation of Zinzadze's reagent; its stability has not been determined,
but it is anticipated that it will keep indefinitely without deterioration as
does Zinzadze's reagent. The modified reagent reduces the large apparent
blank observed with Zinzadze's reagent, and its use results in a linear
function between photometer reading and concentration of P 20 5 when
the Jena wedge is employed. A strictly linear function will not be obtained
with the "B & L Smoke C" wedge for the reason that this wedge is not
exactly neutral in the deep red.

MODIFIED METHOD

REAGENTS

(a) Molybdenum blue.-Place 9.78 grams of MoO. (99.5-100%) in a 500 m!.
Kjeldahl flask, add about 150 m!. of concentrated H 2SO. (36 N ±0.5 N), and heat
with gentle mixing until solution is complete. Cool to 150°C. Weigh, on a small
watch-glass, 0.440 gram of very fine powder molybdenum metal (99.5-100%) and
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transfer to the Kjeldahl flask by sliding the watch-glass down the neck of the flask.
Keep at a temperature of 140-150 0 C. and mix vigorously until the Mo is dissolved
(a few larger particles that do not dissolve readily may remain). Cool mixture,
transfer to a 250 m!. volumetric flask, rinse the Kjeldahl with concentrated H 2SO.,
and transfer rinsings to the volumetric flask. Finally fill the volumetric flask to
250 m!. with concentrated H 2SO. and mix well. Dilute 10 m!. of this reagent with
water and titrate with 0.1 N KMnO. to a pink color that persists for a minute.
The reagent should be 0.11 N; if less than 0.109 N, add a calculated quantity of
Mo and dissolve by reheating in a Kjeldahl flask to 150 0 C.

Preserve the deep green solution in glass-stoppered bottles, carefully avoiding
contamination of any kind.

(b) Dilute molybdenum blue.-Pipet 10 m!. of Reagent (a) into about 60 m!. of
distilled water in a 100 m!. volumetric flask. Mix, cool, fill to the mark with dis
tilled water, and mix. This dilute reagent deteriorates with age and should not be
used 8 or 10 hours after preparation.

The viscosity of the concentrated reagent requires a special technic in pipetting,
as described by Zinzadze "use a pipet previously wet inside with water and washed
down afterwards with a few m!. of water."

(c) Sodium hydroxide solution.-Phosphate- and arsenate-free. 3.6N ±0.05 N.
Should contain not over 0.0005% PO•. (J. T. Baker's "Special sticks low in chlorine"
has been found satisfactory.) Dissolve the NaOH in distilled water, using an arsenic
free Pyrex or porcelain vessel, cool, and titrate with standard acid. Preserve in a
paraffin-lined container. Avoid leaving glass equipment in contact with this reagent
for any extended period of time in order to minimize the possibility of dissolving
arsenate or phosphate from the glass.

(d) Normal sodium hydroxide.-From reagent (c) prepare approximately normal
NaOH. Preserve in an arsenic-free Pyrex or paraffined container fitted with a
I-hole stopper bearing a Pyrex medicine dropper.

(e) Concentrated sulfuric acid.-Reagent quality.
(f) Approximately normal sulfuric acid.-Transfer 30 m!. of reagent (e) to a

liter volumetric flask, dilute to the mark with distilled water, and mix.
(g) Concentrated nitric acid.-Reagent quality, low in arsenic and phosphorus.
(h) Perchloric acid.-60%. Reagent quality.
(i) Sodium alizarin sulfonate solution.-Dissolve 0.20 gram of sodium alizarin

monosulfonate in 100 m!. of distilled water and filter. Preserve in an indicator
bottle.

(j) Standard phosphate solution.-0.05 mg. per m!. Dissolve 0.1917 gram of pure
dry KH2PO. in about 200 ml. of distilled water, add 10 m!. of normal H 2SO. and
6 drops of 0.1 N KMnO•. Dilute to exactly 2 liters. According to Zinzadze this
solution keeps indefinitely in a well-stoppered Pyrex bottle.

(k) Glass beads.-Boil a supply of small glass beads (2 or 3 mm. in diameter)
in aqua regia, wash clean with distilled water, and dry.

PREPARATION OF SAMPLE

Transfer a portion of the sample containing 0.5-2.5 mg. of P,O. to a 500 m!.
Kjeldahl flask. For the determination of P,O. on the water-soluble portion of fruits
or fruit juices 25 or 30 m!. (3.75 or 4.5 grams) of the sample solution prepared
according to 2(b) or (c), Methods of Analysis, A.O.A.C., 1935, p. 319, is a con
venient aliquot. (For jams and jellies 50 m!. of the prepared solution may be con
veniently taken. If the sample has a low fruit content, a larger aliquot should be
taken.) Add 5 m!. of H 2SO., Reagent (e), from pipet or buret, then add 10 m!. of
HN03, Reagent (g) and 5 or 6 small glass beads. Place the flask on a digestion rack
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over a free flame. (The flask should be protected from the flame by an asbestos
mat with a hole of such size that the surface of the H 2SO. will be above the mat.)
Boil over a moderate flame until darkening begins (avoid excessive charring). Add
a few ml. of HN03 and again boil until slight darkening begins or until S03 fumes
are evolved from a clear or amber solution. In the case of jams or jellies, 3 or 4
additions (about 5 ml. each) of HN03 may be necessary. Add to the hot flask
0.5 ml. of the HCIO., and continue fuming for a few minutes. To avoid violent
explosions of HCIO. in the presence of organic matter do not add over 0.5 ml. at
one time and then only after practically all organic matter has been removed with
HN03and do not fail to take all precautions advised in the use of HCIO•. When the
digest is water clear or very slightly greenish yellow, cool somewhat and cautiously
add 50 mI. of distilled water and boil to fumes to remove traces of HN03. Cool,
add about 25 ml. of distilled water, transfer to a 100 ml. volumetric flask, mix,
cool, make to volume, and mix thoroughly.

DETERMINATION

Transfer a 20 mI. aliquot of sample digest to a 100 ml. volumetric flask (Kohl
rausch sugar flasks have been found convenient) marked at 70 ml. capacity. Add
20 or 25 ml. of distilled water, 3 drops of the sodium alizarin sulfonate solution and
then add exactly 10 ml. of the 3.6 N NaOH solution. Adjust the acidity to just
yellow by means of the normal H 2SO. and normal NaOH until a single drop of the
normal H 2SO. just changes the color of the solution to yellow. Dilute to 70 ml. and
mix by swirling. Place the flasks in a boiling water bath and bring to that tempera
ture. With a pipet add exactly 10 ml. of the dilute molybdenum blue reagent,
directing the stream into the solution-do not allow it to run down the side of the
flask-mix by swirling, and continue to heat in the boiling water bath for exactly
20 minutes. Cool rapidly in cold water, dilute to volume, and mix.

It is very important that the standards and unknowns be heated at the same
temperature. This may be accomplished by immersing the flasks in a boiling water
bath wherein the water comes above the level of the solution in the flask. A simple
water bath may be prepared by placing a l-inch-mesh wire screen in the bottom
of a 12 or 14 inch granite pan and filling the pan with water to such a depth that the
liquid in the flasks will be below the level of the water. Place the pan on a stand and
heat with a large Meker burner with flame so adjusted that it spreads over the
bottom of the pan in such a manner as to keep the entire contents at a gentle
rolling boil. Place flasks only around the periphery of the pan and weight with lead
rings or otherwise support to prevent tipping. Keep the bath at a rolling boil
throughout the heating period and add boiling water to the bath from time to time
to keep the level of the water above the level of the liquid in the flasks. Keep a
thermometer in the bath and do not permit a variation of more than 2 0 between
the center and the edge of the pan. Determine the color intensity by means of the
neutral wedge photometer, This Journal, 19, 130 (1936), using a 1 inch cell, No. 66
filter, and Jena 0-2 neutral wedge. (Filter 66 is 4.5 mm. Corning dark pyrometer
red No. 241. With "B & L Smoke C" glass wedge, use filter 65. Filter 65 is the
same as 66 plus a half mm. of Jena BG18.)

The method covers a range up to 0.6 mg. of P 20. in the final 100 ml. of solution.
Prepare standards covering this range by placing 0, 2, 4, 6, 8, 10 and 12 ml. of the
standard phosphate solution in 100 ml. volumetric flasks marked at 70 ml. capacity.
Add 30 ml. of the normal H 2SO. and 3 drops of the indicator to each flask. Then
treat the same as directed previously, beginning "add 10 ml. of the 3.6 N NaOH
solution." Determine color intensity in the neutral wedge photometer. Make a
large-scale graph of the standards, plotting mg. of P 20. against photometer readings.
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(A sheet of graph paper 20X36 inches with 10 lines to the inch is convenient.)
By means of this plot, convert the sample photometer readings to mg. of P 20.
present in the final 100 ml. of solution. If preferred, the equation of the line may be
calculated as described by Klein and Vorhes, Ibid., 121, and the equation used in
conversion.

NOTES

The photometer need be calibrated but once for each batch of reagents provided
the adjustment is not altered and the temperature of the boiling water bath remains
the same. It is advisable, however, to develop one or two standards with each batch
of unknowns in order to detect any possible change of conditions.

It will be noted that standardization under these conditions automatically
corrects for the blank on reagents, except HNO. and HCIO•. These reagents in t~e

grade specified have not been found to contain significant quantities of arsenic or
phosphorus. It is well, however, to determine the digestion blank on these reagents
from time to time.

In the analysis of heterogeneous samples, such as lots of fresh fruit, for total
P.O., it may be necessary to digest a larger portion than specified above in order
to minimize sampling and weighing error. In that case it is convenient to take
double the above sample and double the amount of H 2SO. (10 mI.). Make the digest
to 200 mL and finally transfer a 20 mL aliquot to a 100 mL volumetric flask for
color development. The amount of sample digested may be varied to suit the
nature of the sample if the final aliquot taken for color development contains not
more than 1 mL of concentrated H 2SO. and not more than 0.6 mg. of p.O•.

INTERFERENCES

Iron, nitrate, and arsenic act as interferences in the development of the color by
means of this reagent. Nitrates are not present in solutions prepared as described,
and neither iron nor arsenic is ordinarily present in fruit or fruit products in
sufficient quantity to constitute an interference. However, if the presence of ex
cessive arsenic or iron is suspected, their interference may be prevented by a pro
cedure used by Zinzadze. Follow the above procedure to the point, "adjust acidity
to just yellow," after which add 10 ml. of exactly normal H 2SO. and then 10 mL
of 8% Na2SO., and dilute to 70 mL Heat in a boiling water bath for an hour. Then
proceed as directed previously, beginning "add exactly 10 ml. of the dilute molyb
denum blue reagent." Standards and blank, of course, must then be treated in
exactly the same manner.

EXPERIMENTAL

In order to determine allowable variations in conditions imposed by
the modified procedure, color was developed in a series of standards and
conditions and concentrations were varied within reasonable limits. In
order to save time and facilitate measuring, a solution of sodium sulfate
was substituted for the equivalent of sulfuric acid and sodium hydroxide
specified. Results are given in Table 4.

The method appears to allow reasonable variation in conditions, but it
is recommended that the stated directions be adhered to as closely as
possible since the varying of a number of factors at once might lead to
unexpected disappointing results.

COLLABORATIVE RESULTS

Time available to the Associate Referee this year was spent in improv
ing the method, and no formal collaborative samples were sent out.
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However, through the courtesy of associates doing fruit work, some com
parative results and comments were made available.

A sample solution of a preserve was sent to analysts by the Food Divi
sion (U. S. Food and Drug Adm., Washington, D. C.), W. B. White in
charge, requesting certain analyses, among which was the determination
of P 206 by the above procedure and by the A.O.A.C. volumetric pro
cedure. Results were compiled by R. A. Osborn (Table 5).

TABLE 5.-Collaborative results

P.o. P.O.
u. B. POOD A.ND DaUG ADM:. ANALYST VOLUlIETRIC COLOBIM:BTRJC

METHOD IUlTBOD

mg./100 g. mg.j100 g.

New York Station J. L. Hogan 12.1 11.7
11.9

C. A. Wood 12.4 11.8
12.3

Chicago Station E. H. Wells 13.2 11.2
13.3 11.5

F. J. McNall 14.3 11.7
14.1 10.9

St. Louis Station J. T. Field 12.9 10.9
12.8 11.3

Samuel Alfend 12.7 11.6
12.3 11.7

San Francisco Station H. W. Gerritz 12.9 11.1
13.1 11.1

H. M. Bollinger 14.0 11.1
14.4 11.1

Washington, D.C. N. J. Menard 12.9 11.8
13.3 11.5

R. A. Osborn 11.7 11.4
12.9 10.7

Average 13.0 11.3

Two lots of water-pack peaches, three lots of apricot preserves, and one
lot of pie-pack apricots were analyzed for P 20 6 by the colorimetric and
A.O.A.C. gravimetric methods. For the gravimetric procedure 400 ml.
of sample solution was evaporated and ashed. Results are given in Table 6

The following check results, together with comments, were taken from
a report furnished by Samuel Alfend and J. T. Field, St. Louis Station,
Food and Drug Administration.

The revised method ... appears to be a distinct improvement. The blank is
lower and less variable, the range is greater, the reagent is much easier to prepare,
and the standard curves ... have become quite uniform. The curves are not straight
lines, however, but steadily increase in slope. (We have a Bausch & Lomb glass
wedge.)
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TABLE 6.-P20. by colorimetric and A.O.A.C. gravimetric methods

333

WATEB- WATER-

PACK PACK
APRICOT APRICOT APRICOT SOLID

ANALYST KETBOD PRE- P""'- PRE- PACK
PEACH PEACH

I'RUlT I'RUIT
BERVIl BERVE SERVE A.PRICOT

)(G. PER 100 G. BAKPLIl

Colorimetric 43.8 46.2 30.7 34.2 24.5 63.0
Donald A. Ballard Colorimetric 44.0 45.5 30.4 34.2 24.3 63.1
Harold W. Gerritz

Gravimetric 43.0 45.0 30.4 32.6 23.9 62.4
43.8 45.2 30.4 33.6 23.8 63.2

To check the wet digestion blank, a series of standards was carried through the
wet digestion procedure and made to volume, and aliquots were run along with
standards which had not been so treated. The values given (Table 7) are the aver
ages of 3-5 photometer readings by each analyst:

TABLE 7.-Results by Alfend and Field

WET DIGlllSTED NOT WET DIGESTED

PIO~

STANDARD 1ST RUN 2ND RUN 3BDRUN 1ST RUN 2ND RUN 3ftD RUN

)()(. )()(. )()(. )()(. ""'. ""'.
mg.

ml. H 2SO.-mI. HNO. 5--15 5--15 5--15
Blank 11.9 11.9 11.1 12.0 11.9 11.1

.1 35.5 35:9 36.0 36.1 35.9 36.4

.2 61.5 61.3 61.8 62.0 61.4 61.9

.3 89.6 88.6 89.0 89.2 88.6 88.7

.4 120.0 119.9 119.2 119.2 119.3 119.6

It appears that there is no significant blank introduced by the nitric and per
chloric acids, and that there is no appreciable loss in the digestion.... A solution
was prepared from grape jelly.... To test the effect of charring and excessive fum
ing during the wet ashing for the colorimetric method, eight 50 mI. aliquots were

TABLE 8.-Results by Alfend and Field to show effects of charring

LOBB OF H,so. READING P20.
ALIQUOT CHAR ""'. )(G./lOO XL.

BIank-ashed None Prac. none 12.5 -
1 Heavy 2 ml. 41.8 1.21
2 Heavy 2 mI. 42.1 1.22
3 Moderate Prac. none 46.0 1.38
4 Heavy 2 ml. 44.5 1.32
5 None Prac. none 46.5 1.39
6 None 1 ml. 46.1 1.38
7 None 2 ml. 44.8 1.33
8 None Prac. none 45.8 1.37

.1 mg. P 2O. None Prac. none 36.6 -
Plus ash blank
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wet ashed. Nos. 1,2,3, and 4 were allowed to char badly. Nos. 1,2,4,6 and 7 were
fumed until they had lost approximately 2 m!. of sulfuric acid. The results are shown
in Table 8. The lowest results were obtained on those samples which were charred
and fumed the most.

RECOMMENDATIONSl

It is recommended-
(1) That the colorimetric method discussed be adopted as tentative.
(2) That further collaborative work be carried on during the coming

year with a view to testing the method on a wide variety of types of fruit
product samples.

(3) That the volumetric method be placed in tentative status.
(4) That study of the volumetric method be continued.

REPORT ON VITAMINS

By E. M. NELSON (U. S. Food and Drug Administration,
Washington, D. C.), Referee

There will no doubt be new developments relating to vitamins for some
time to come, making necessary revisions in the program of study of
methods. New knowledge relating to the chemical nature of the vitamins,
refinement in technic, and new legislation, all have a bearing on these
studies.

The manner in which these problems change owing to progress through
investigations is well exemplified by the study of vitamin K. A year ago
some vitamin K preparations from natural sources had been used experi
mentally with sufficient promise to warrant the opinion that they would
soon become important therapeutic agents. Very little was then known
of the chemical nature of vitamin K, but during the year reports have
been published on the isolation and identification of naturally occurring
compounds and a number of compounds having vitamin K activity have
been synthesized. An indication of the intense interest in this field is the
fact that the June and July numbers of the Journal of the American
Chemical Association carried a total of ten "Communications to the Edi
tor" relating to the chemical nature of vitamin K.

The problem of biological assay has been simplified by the fact that a
number of synthetic compounds can now be readily prepared and may
serve as standards in the assay of products of unknown potency. The in
formation now available concerning the chemical nature of vitamin K
should make it possible to make chemical determinations on certain types
of products.

Two recommendations concerning associate referees will be discussed
briefly. One is that an associate referee be appointed on Vitamin C, and

1 For report of Subcommittee D and action by the Association, see Thi. Journal, 23, 71 (1940).
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the other is that no referee be appointed on technic and details of bio
logical methods for Vitamin D carriers.

Chemical methods are now being used almost exclusively in the deter
mination of the Vitamin C content of foods and in the examination of
pharmaceuticals, and sufficient progress has been made so that the limita
tions of these methods are fairly well understood, particularly when they
are applied to foods. Since a sufficient background has been developed,
and it is believed that the problem can be approached with some definite
assurance of success, a referee on vitamin C should be appointed.

Before the appointment of the present Referee on Vitamins there were
two associate referees on the assay of vitamin D products for poultry,
W. B. Griem on Biological Methods for Determination of Vitamin D
Carriers, and L. L. Lachat on Technic and Details of Biological Methods
of Vitamin D Carriers. Owing to the resignation of these men new referees
were appointed during the year. It was difficult to make assignments for
both of these referees that would not entail some degree of duplication.
Collaborative work on this method is expensive and the number of labo
tories available for collaborative work is limited. Mter considering this
matter with the Referee on Feeding Stuffs and the Associate Referees on
Vitamins, the Referee decided that it would be preferable to have the
collaborative work relating to vitamin D for poultry under the direction
of one referee. Accordingly there is no report on technic and details of
biological methods for vitamin D carriers, and it does not seem necessary
to have a referee on this subject.

RECOMMENDATIONS'

It is recommended-
(1) That a referee on vitamin C be appointed.
(2) That no referee be appointed on technic and details of biological

methods, vitamin D carriers.
(3) That the title of the referee, "Biological Methods for Determina

tion of Vitamin D Carriers," be changed to "Vitamin D for Poultry."
(4) That the title of the referee, "Biological Methods for Vitamin B

Complex," be changed to "Vitamin B I," and the assignment changed
accordingly.

The following recommendations of the respective associate referees are
approved:

Vitamin A.-That continued studies of vitamin A determinations be
made.

Vitamin BI.-That a collaborative study be carried out to determine if
the rat-growth methods of assay for vitamin B I content of foods have suf
ficient accuracy or if they may be improved by recently described modi
fications and by application of sulfite treatment.

1 For report of Subcommittee A and action by the Aesooi&tion, see Thi. Journal, 23, 54 (1940).
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Ribojlavin.-(l) That the various chemical methods for riboflavin be
studied further and that fluorometric methods be considered.

(2) That the Snell-Strong bacteriological technic be further studied.
Biological Methods for Determination of Vitamn D Carriers.-That

further work be done on this method to determine how apparent incon
sistencies in results can be prevented.

Vitamin D.-That the method be revised so that the animals in the
reference group receive in addition to the D. S. P. Reference Cod Liver
Oil non-vitaInin D ski=ilk equal in quantity to the solids-not-fat in the
volume of the milk fed the assay group.

Vitamin K.-No report.

REPORT ON VITAMIN A

By J. B. WILKIE (D. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

Several important papers and collaborative reports on vitamin A de
termination were published during the past year. Therefore the Associate
Referee will discuss briefly certain parts of these papers that seem to have
the most important bearing upon the problem.

During the past two years vitamin A2 has received much attention, es
pecially by the British workers. According to Edisbury et al.1 and W0lff2

vitaInin A2 has about the same biological activity as has vitamin A,
and indications are that it is quite similar to vitaInin A in structure.

Gillam and his coworkers state3 that the ultraviolet absorption maxi
mum for vitamin A 2 extracts lies between 340 and 350 mu instead of
between 325 and 328 mu, as is the case for vitaInin A extracts. They also
found higher ratios for 693/620 mu antimony chloride absorption values
for the vitamin A extracts. Such a ratio varies for the fresh water fish
oils, but it is usually about 2, whereas the same ratio for extracts from
salt water fish livers is only 0.15-1.

According to Gillam et al. attempts to separate vitamin Al and A 2 as
such have so far failed,3 and Lederer and Rathmann4 indicate that vita
min A 2 actually has two ultraviolet bands, one at 345 mu, the other at
280 mu. They also show that the 620 mu and 693 antimony trichloride
absorptions have a mutual masking action, making it difficult to do much
more than roughly estimate the relative quantities of Al and vitamin A 2

that may be present in an oil.
Embree and Shantz5 may have discovered a solution to this problem.

They found that after cyclization with alcohol hydrochloric acid an un
saponifiable vitamin A I-A2 mixture could be separated by a chromato

1 Biochem. J., 32, 118 (1938).
'Z. VitaminfOTsch, 7, 227 (1938).
• Biochem. J., 32, 405-16 (1938) .
• Ibid., 1252 (1939).
• A.C.S. Ab•. Di•. of Biochemistry Communication, Boston, Mass., Sept. 11, 1939.
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graphic method, the vitamin A 2 being more easily adsorbed than the vita
min A 1• The cyclized vitamin A 1 and vitamin A2 could then be separated
and determined spectrographically. It appears that vitamin A 2 does not
really present a very important complication from the practical stand
point. This may be because its distribution is limited largely to fresh water
fish and also because the specific absorption of each of the vitamins at its
respective maximum is essentially equivalent biologically to the other,
which means that determination at either absorption maximum should
produce a value not in serious error from the biological standpoint.4

The cyclized vitamin A may also occur naturally, as well as by treat
ment of vitamin A extracts with hydrochloric acid and alcohol. Embree6

also reported upon cyclized vitamin A, which he believes to be the same
product that has come to be known as spurious vitamin A. Cyclized
vitamin A was first reported by a group of British workers, Pritchard,
Williams, Edisbury, and Morton, 7 in 1932.

It is reported both by the earlier British workers, Castle, Gillam, Heil
bron, and Thomson,8 Heilbron, Heslop, Morton, Rea, and Drummond,9

and then by Embree6 that this is a naturally occurring product and not
likely to be made by the vacuum distillation process used for preparing
concentrates.

Embree proposed a formula based upon the relative absorptions at
326 mu and 368 mu that may be used for estimating the ratio of vitamin
A and cyclized vitamin A present. This method could be checked bio
logically and therefore could be used to determine the lack of vitamin A
potency or the quantity of spurious or cyclized vitamin A present.

The relative biological values of vitamin A and beta carotene have been
investigated by Underhill and Coward.l° They consider that 1 molecule
of beta carotene can furnish but one biologically active molecule of vita
min A since biological experiments show that it has only one-half the
activity of the purest vitamin A preparations or that of new ester prepa
rations such as anthraquinone-2-carboxylate and vitaminA-2 napthoate.

The International Unit of Vitamin A is defined as the vitamin activity
of 0.6 microgram of beta carotene. Beta carotene therefore contains
1,667,000 units of vitamin A per gram. The purest preparations of vita
min A indicate a potency of 3,000,000-4,000,000 units of vitamin A per
gram.

Crystalline vitamin A has been reported by Holmesll to have an ex
tinction coefficient as high as 2100, and a conversion factor around 2000
(usually accepted in this country) would then indicate a biological po
tency of approximately 4,000,000.

• J. Bioi. Chem., 128, 187 (1939).
7 Biochem. J., 26, 1164 (1932).
• Ibid., 28, 1702 (1934).
• Ibid., 26, 1178 (1932).
10 Ibid., 33, 594-600 (1939).
11 J. Am. Pharm. Assoc., 26, 525-540 (1927).
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However, there is insufficient evidence concerning the efficiency of the
animal body in converting beta carotence to vitamin A to warrant much
speculat,ion as to whether 1 molecule of beta carotene provides 1 or 2
molecules that can be used by the organism.

Some interesting studies on the stability of vitamin solutions were re
ported by E. L. Smith and associates,12·18 who found that stability was
affected by the amount of organic peroxides present, which in turn occur
in many natural oils owing to changes not readily under control. They
showed also that concentrates were most susceptible to deterioration
from such peroxides, the degree depending upon the amount present.
Naturally occurring esters and the synthetic stearic esters had greater
stability. The fact that heat alone may have deteriorative action was also
noted. Their evidence led these workers to suggest a step-wise oxidation
process for vitamin A, wherein a primary oxidation product was believed
to be first formed, as was evident by a shift in the peak 328 mu absorption
towards the shorter wave lengths, with considerable related absorption
remaining at 328 mu. It was pointed out, however, that more severe
oxidation could reduce all the 328 mu absorption to about 1.5 per cent
of the original, thus indicating a further and final oxidation step.

Another paper by Smith and his coworkers13 dealt with the action of
light upon vitamin A solutions. Data were presented to show that about
a 15 per cent decrease in the 328 mu absorption could occur by a five
hours' application of north sky light. Larger decreases were caused by a
mercury lamp. The most startling observations of this study, however,
were those indicating a partial reversibility (as shown by the 328 mu
absorption) by storage in decreased light or darkness subsequent to the
exposure. This phenomenon was accounted for by the assumption that
simultaneous photo chemical isomerism and slow destruction of the vita
min occurred.

Observations by Karrer, Morf, and Schoff14 extending throughout the
past nine years show the 620 mu absorption obtained with the anti
mony trichloride reaction to be associated with vitamin Al while the ab
sorption at 693 mu indicates the presence of the vitamin A2 previously
mentioned. Its structure has been indicated and its characteristics are
well known at present. 9

Within the past two years there have been rather significant efforts on
the part of several workers to revive the antimony tricholoride vitamin
determination. In this connection Dann and Evelyn15 found that good
reliability could be expected if proper attention were given to the reagents
and method, in which a rapid acting photoelectric colorimeter, such as the
Evelyn, is used.

.. Biochem. J., 33, 201 (1939).
11 Ibid., 207.
" Hel•. Chim. Acta, 14,1431 (1931).
"Biochem. J., 32, 1008-1017 (1938).
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Since the last A.O.A.C. meeting McFarlane and Sutherland16 have also
made studies with both the antimony trichloride colorimetric and spec
trophotometric methods. They conclude that equal accuracy is possible
by each method provided the precautions of Dann's method are observed
and proper attention is given the saponification process.

McFarlane and Sutherland16 also made some studies on the destruction
of vitamin A by irradiation similar to those that have been conducted by
NotevarpY in an effort to find an alternative method. They found that
under certain conditions of irradiation of a concentrate, where a light
filter transInitting only 300-400 mu was used, only vitamin A is destroyed
to any significant extent and that after the complete destruction of vita
min A only 10 per cent of the original 328 mu absorption remains. Other
irradiation experiments of a preliminary nature were made, but they were
not sufficiently complete to justify significant conclusions.

A collaborative report by the British worker, E. M. Hume,t8 of the
Accessory Food Factors Committee appointed by the Lister Institute and
Medical Research Council, has also appeared during the year. In this
study it is pointed out that the results of 10 groups of workers in 1937
furnished the conversion factor 1570 after the statistical analyses had
been completed. As a consequence the factor in round numbers was taken
to be 1600. The U.S.P. Reference Cod Liver Oil was determined to have
a potency of 3000 International units per gram by an earlier group of
workers in America. The spectral absorption thus made necessary an
approximate factor of 2000 in place of 1600 recommended by the British
group. This discrepancy was then studied by the British workers with a
fresh U.S.P. sample. The biological values obtained by 10 collaborators in
British laboratories ranged from 1334 to 3270 International Units per
gram. Six of the 10 values lay betweeen 2200 and 2600 units per gram. A
weighted mean of 2619 International units per gram was obtained. The
Elffn. value for the nonsaponifiable fraction of this particular oil was
found to be 1.44. The conversion factor accordingly was taken to be 1820.
On this basis the British workers indicate that previously reported con
version factors should be revised and suggest that a third collaborative ex
periment be undertaken when the pure A ester is available, but that until
then they would still recommend the factor 1600.

The conversion factor close to 2000 is accepted almost universally in
this country regardless of the fact that 1600 is the tentative accepted
value of the English workers. The adherence to an approximate 2000
value is based upon repeated biological and spectrophotometric determi
nations such as the recent collaborative work by Barthen discussed next.
However the factor cannot be considered to be definitely fixed.

Barthen and his coworkers compiled a collaborative report for the
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American Drug Manufacturers Association. The purpose of this work
was to compare a variety of ultraviolet light absorption methods with the
biological method. Average biological values for the given oil samples
were taken as the correct values for checking the accuracy of the light
absorption methods. When extreme results were not discarded, and when
no attempt was made to use correction factors, an average spread in the
results was approximately 34 per cent. With the extremes removed the
average spread of the absorption method was reduced to 20.16 per cent.
It was also found possible to reduce the total average spread to 27.33 per
cent by using a corrected unknown value conversion factor based upon
one of the samples, which was the U.S.P. Reference Oil. The data in this
report were further classified and given a statistical treatment in which
unreliability of technic was indicated in those cases showing spread
greater than 15 per cent. Conversion factors were corrected both by the
unknown U.8.P. oil value and by average per cent deviation calculated
for each laboratory. The average value of this corrected conversion factor
was found to be 2064.

On the basis of his results Barthen suggested that the U.S.P. adopt a
spectrophotometric method as an alternative for the biological assay, and
that 75 per cent of the potency claimed by either assay be required. His
summary also stressed the importance of repeated standardization and
proper operation of the instruments and mentioned the need of making
use of the saponifiable portion.

The Associate Referee believes that Barthen's results from the spectro
photometers should be given special mention. A spread of only -7.3 per
cent to +8.1 per cent was obtained only when these instruments were
used. These results seem to be fairly good when the lack of coordinated
standardization in technic is considered. It has been claimed by various
workers in this field that the photographic method of spectrophotometry
can produce results accurate to within ± 2 per cent. However, the Associ
ate Referee has found that if extraordinary precautions are not taken,
a ± 5 per cent error may frequently be expected. This does not refer to
other than spectrographic methods and does not include variables present
owing to the method used in manipulating the sample.

The material that has been presented here, as well as past experience,
indicates that the following points should be given attention in further
work on vitamin A determination.

1. Apparatus of the spectrophotometric type should be standardized
with potassium chromate in 0.05 N sodium hydroxide. A technic for
standardization should be instituted.

2. The saponification procedure should be given specific consideration.
3. Details of technic should be made more evidence to coordinators

of collaborative activity (a questionnaire is suggested).
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4. Storage conditions and other matters relating to the deterioration
of oils should be given consideration.

The Vitamin Committee of the U. S. Pharmacopoeia is planning new
collaborative work on the vitamin A determination, and it is recom
mended that this Association continue its studies on this subject.

The saponification procedure used in this laboratory follows:
SAPONIFICATION PROCEDURE FOR OBTAINING NONSAPONIFIABLE PORTION OF FISH

LIVER OILS FOR SPECTROPHOTOMETRIC VITAMIN A EXAMINATION

Boil 1 g. of the fish liver oil with 30 ml. of 95% alcohol and 3 ml. of 50% KOH
for 20 minutes. Maintain the initial volume with a reflux condenser with a ground
glass joint (cork or rubber stoppers cannot be used), or by adding alcohol during the
boiling. Cool, add 30 ml. of water, and extract with 30 ml. of diethyl ether in a
separatory funnel. Make two additional extractions with two other 30 ml. quanti
ties of diethyl ether. Combine all the ether extracts in a separatory funnel and pour
100 ml. of water without agitation through the ether layer. After allowing to stand
2 minutes, separate and discard this water. (No subsequent aqueous portions should
be separated until 2 minutes has been allowed for separation.) Shake vigorously with
3 to 5 ml. of water. Discard aqueous portion. If a somewhat resistant emulsion forms
in the aqueous portion, dilute with 100 mI. of water to eliminate or decrease this
emulsion before discarding aqueous portion. Rinse with two additional 3-5 ml. por
tions of distilled water with vigorous agitation, and pour 100 ml. of water through
the other solution without agitation following each of the agitated rinses. Pour 100
ml. of water through the ether portion as a final rinse. After separation of the final
100 ml. portion of water, make a test for the presence of soaps by acidulation with
10% HCI. Rinse further if appreciable turbidity is produced when the HCI is
added. After the rinses are completed, allow the remaining ether extract to stand
for 10 minutes. Discard any water that separates. Evaporate ether extract on a
steam bath in a 100 ml. beaker to a volume of 3-5 mI., but never to dryness.

Dilute the ether extract to a convenient volume (50 ml. suggested) with a mix
ture of 90% absolute alcohol and 10% cyclohexane for the spectrophotometric ex
amination.

REPORT ON VITAMIN D*
FEEDING OF NON-VITAMIN D SKIM OR WHOLE MILK

WITH THE REFERENCE COD LIVER OIL

By WALTER C. RUSSELL (New Jersey Agricultural Experiment
Station, New Brunswick, N. J.), Associate Referee

In two previous reports by the Associate Referee, This Journal, 19,
248 (1936) and This Journal, 22, 468 (1939), it was demonstrated that
there was enhancement of the line response when skim milk was fed with
the reference cod live oil. The report for 1938, This Journal, 22, 468
(1939), included a recommendation that further studies be made of the
feeding of skim or whole non-vitamin D milk with the reference oil in
order to determine whether the oil and a quantity of one of these milks,
equal to that of the vitamin D milk being assayed, should be used as a
reference standard instead of the reference oil alone. Consequently a com-

• Journal Ileries paper of the New JerlleY Agricultural Experiment Station, Department of Agricultural
Biochemistry.
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munication was sent to collaborators to ask that collaborative studies be
made in order to answer the question involved in the above recommenda
tion. Collaborators were asked to feed non-vitamin D skim milk and if
possible non-vitamin D whole milk with a sample of reference oil when
routine vitamin D milk assays were being conducted with the usual ref
erence oil group or groups. The Associate Referee furnished non-vitamin
D whole milk (Klim), which repeated assays had shown to be either de
void of vitamin D or to contain only a very small quantity of the factor.
The skim milk used in the tests which are reported below was furnished
by the individual collaborators. With some exceptions, 8 to 10 rats were
used for each test group.

The results of the feeding of a quantity of reference cod liver oil in
comparison with the same quantity of the oil fed with a quantity of re
constituted skim milk are shown in Table 1. The quantity of skim milk

TABLE I.-Effect of feeding skim milk with the reference oil

REI'EBJIlNClll OIL ALONK RlIIJ'EBBNCE OIL PLUS SK.IlllIILX.

DIJ'll'IlRENCII
NAME 0' LABORATORY QUANTITY QUANTITY

IN BE8PONSll
PED U.S.P.

AV.
OF MILK

AV.

RESPONSE
mI.

RESPONSE
UNITS

Michigan 3.25 0.60 7.1 0.65 0.05

Pennsylvania 3.8 0.68 9.0 0.58 -0.10

New Jersey 4.75 1.13 33.3 1.36 0.23
4.75 0.91 11.6 0.93 0.02

Connecticut 5.0 0.66 12.0 0.90 0.24
5.0 0.75 12.0 0.91 0.16
5.0 0.72 12.0 0.78 0.06

New Jersey 5.7 0.78 40.0 1.05 0.27
5.7 0.98 40.0 1.37 0.39

fed was equal in volume to that of vitamin D milk which would have
been fed if the latter were being assayed according to the present tentative
procedure, and the reconstituted skim milk contained the weight of
solids-not-fat which would have been present in the sample of whole milk.
In only one out of nine trials was the response less when skim milk was
fed with the reference oil than when the reference oil was administered
alone, and in this instance the response of the two groups was essentially
the same. In four cases, including the one in which the response was less
when the milk was added, there was essentially no difference in response
between the groups with or without skim milk. These results, along with
those of 7 trials previously reported, make a total of 16, in only one of
which was the response with milk less than in the case of the oil alone.
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When non-vitamin D whole milk was fed in the same manner so that
the total solids of the supplement were equal to that which would have
been contained in a sample of vitamin D milk actually under assay, thEl
results shown in Table 2 were obtained. In all of the 16 trials a higher re
sponse occurred when milk was fed. The same result was obtained in the
case of 7 trials previously reported, This Journal, 22, 468 (1939), making
a total of 23 trials in which there was a higher response in the case of the
whole non-vitamin D milk fed with the :reference oil.

TABLE 2.-Ejfect of feeding non-vitamin D whole milk with the reference oil

BEJ'EBENCllI on. ALONlII BEJ'JDRENCl!I OIL PLUS WHOLE KILlt

DD'J'IlRENCB
NAIDI O~

AV. AV. INR1llSPON81l1
LABORA.TORY

QUANTITY QUANTITY

I'IIlD BESPONS:S I'IIlD BESPON8ll1

U.BoP. UNITS ml.

Nestle's 3.0 0.88 20.0 1.08 0.20

Massachusetts 3.0 1.27 7.1 1.33 0.06

Michigan 3.25 0.60 7.1 1.00 0.40

Children's Hasp.
Philadelphia 3.6 0.78 8.4 1.02 0.24

Pennsylvania 3.8 0.68 9.0 1.08 0.40
3.8 0.68 24.0 0.80 0.12

Massachusetts 4.0 1.25 9.4 1.40 0.15

New Jersey 4.75 1.13 33.3 1.25 0.12
4.75 0.91 11.6 1.04 0.13

Connecticut 5.0 0.66 12.0 0.83 0.17
5.0 0.75 12.0 0.83 0.08
5.0 0.72 12.0 0.88 0.16

New Jersey 5.7 0.68 40.0 1.20 0.52
5.7 0.50 40.0 1.00 0.50
5.7 0.78 40.0 1.28 0.50
5.7 0.98 40.0 1.47 0.49

In the studies with both the skim and whole milk the volumes used at
a given feeding level were calculated on the basis of vitamin D milk con
taining 135 or 400 U.S.P. XI units per quart.

When the differences in response for both the skim and non-vitamin D
whole milks are arranged in accordance with the increase in the quantity
of milk fed, there is a general tendency toward a greater difference in re
sponse as the quantity fed becomes larger. Although not marked there is
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a tendency toward a stronger response in the case of the non-vitamin D
whole milk particularly at the higher levels although this is not true in
every individual case.

TABLE 3.-Relation of the quantity of milk fed to the difference in re8pon8e

SXDI KILl< NON-VITAMIN D WBOLm IULJI::

QUANTITY )'ED DIJTIIBlIINCB QUANTITYJ'lllD DD'J":mBlIlNCJII

mi. INRESPONSII mi. IN BlI18PONSE

7.1 0.05 7.1 0.06
7.1 0.40
8.4 0.24

9.0 -0.10 9.0 0.40
9.4 0.15

11.6 0.02 11.6 0.13
12.0 0.24 12.0 0.17
12.0 0.16 12.0 0.06
12.0 0.06 12.0 0.16

24.0 0.12
33.3 0.23 33.3 0.12
40.0 0.27 40.0 0.52
40.0 0.39 40.0 0.50

40.0 0.50
40.0 0.49

In Table 4 it is readily apparent that the feeding of reconstituted skim
milk without the reference oil, as compared with an equal quantity of
non-vitamin D whole milk, results in a definitely lower response in the
case of the skim milk levels.

TABLE 4.-Effect of feeding non-vitamin D whole milk and skim milk without
the reference oil

QUANTITYnD

mi.

Non-vitamin D whole milk
33.3
40.0
40.0

Total solids equivalent to 70 ml.
Total solids equivalent to 100 mI.

Skim milk
33.3
40.0

Solids-not-fat equivalent to 70 mI.
Solids-not-fat equivalent to 100 ml.

RBSPONS.

0.39
0.61
0.18
1.36
1.57

0.0
0.0
0.38
0.44

Although the difference in the response, particularly at the lower levels
in the case of skim milk and non-vitamin D whole milk, is not marked,
the fact that when fed alone non-vitamin D whole milk shows a consider-
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ably stronger response than the skim milk, leads to the conclusion that if
milk solids are to be fed as a part of the reference standard it would be
safer to use skim milk than whole milk, even though the latter contained
only a very small amount of vitamin D. Non-vitamin D whole milk was
tried with the hope that it might prove satisfactory for feeding with the
reference oil, because a reference standard consisting of the reference oil
and this type of milk would be more strictly comparable with the sample
of vitamin D milk under examination than if skim milk were used, except
that at lower feeding lev.els the fat intake of the reference group would be
higher than that of the assay group.

The question ID4ty be raised with regard to the fat content of the ref
erence oil and skim milk as compared with that of the sample of vitamin
D milk. If the reference oil is diluted with a vegetable oil and fed during
the assay period as 8 daily doses of 0.1 mI. each, the fat intake is approxi
mately 0.7 gram. If 10 mI. of vitamin D milk is the quantity fed to the
animals of the assay group, only 0.4 gram of fat is consumed, and there
fore the animals of the reference group actually consume the greater
quantity of fat. When it is necessary to feed as much as 40 mI. of the
vitamin D milk undergoing assay, approximately 1.6 grams of fat will
be consumed. Under these conditions the feeding of the reference oil
solution at the 0.2 mI. level, for 8 days, affords an intake of approximately
1.4 grams. Therefore, the feeding of skim milk along with the reference
oil actually provides for more nearly equal fat intakes by the reference
and assay groups than if non-vitamin D whole milk were used.

In the laboratory of the Associate Referee it has been found convenient
to reconstitute the skim milk and to feed it and the reference oil as sepa
rate supplements.

The results demonstrate that the feeding of solids-not-fat in the form
of skim milk, in a quantity equal to that contained in the sample of milk
under investigation, along with the calculated quantity of reference oil,
should furnish a reference standard that is more comparable with vitamin
D milk than is the reference oil alone.

The Associate Referee takes this opportunity to express grateful ap
preciation of the generous cooperation of the following collaborators:
Rebecca B. Hubbell, Connecticut; C. R. Fellers, Massachusetts; C. A,
Hoppert, Michigan; R. W. Titus, Nestle's Milk Products, Incorporated.
Marysville, Ohio; N. B. Guerrant, Pennsylvania; and Harold Stevens,
Children's Hospital, Philadelphia.

It is recommendedl that the method be revised so that the animals in
the reference group receive in addition to the U.S.P. Reference Cod
Liver Oil, non-vitamin D skim milk equal in quantity to the solids not fat
in the volume of the milk fed the assay group.

No report on vitamin K was given by the associate referee.
1 For report of Subcommittee A and action by the Association, see This Journal, 23, 54 (1940).
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REPORT ON RIBOFLAVIN

By A. R. KEMMERER (Texas Agricultural Experiment Station,
College Station, Texas), Associate Referee

Since this is the first report on riboflavin, a review of some literature
on methods for its determination is included. Riboflavin is determined
both biologically and chemically. Biological technics depend on the effect
of small quantities of the vitamin on the growth of rats or chicks or bac
teria. In this connection the bacteriological technic of Snell and Strong1

is quite extensively used, while for the chemical estimation colorimetric
and fluorometric procedures are used.

Charite and Khaustove2.3 have developed a colorimetric method for
riboflavin in animal tissues. The dried or wet tissue is extracted at 28°
36° C. with dilute methanol, and the clear extract is shaken with chloro
form to remove carotenoid or other contaminating pigments. The yellow
methanol solution of riboflavin is compared in a colorimeter with a stand
ard 0.01 per cent potassium chromate solution. Another method for ribo
flavin in animal tissue was developed by Van Eekelen and Emmerie.4

The tissue is extracted with 75 per cent methanol for 24 hours or boiled
for 10 minutes and filtered. To the filtrate is added a few ml. of glacial
acetic acid and then a few ml. of saturated potassium permanganate
solution. After the mixture has stood for a few minutes, a small quantity
of hydrogen peroxide is added. By this procedure contaminating im
purities are oxidized but the riboflavin is not harmed. The quantity of
riboflavin in the final solution is measured with a step photometer. AIl
manipulations are carried out in red light to eliminate destruction of ribo
flavin by the short-wave lengths of light. In a later paper Emmerie5

modified the method slightly so that it could be used for mi.lk. In this
procedure yellow standards are used instead of the step photometer for
final estimations. Emmerie,6,7 in some procedures, also adsorbed the
riboflavin with lead sulfide, eluted with a water-pyridine-acetic acid
mixture, and oxidized remaining impurities with potassium permanga
nate and hydrogen peroxide.

Some workers have adopted adsorptive technics for riboflavin deter
minations. Narasimhamurthy 8 extracts finely divided food stuffs with 20
per cent methanol containing sufficient hydrochloric acid to bring the
acidity to 0.1 N. Then the riboflavin is adsorbed on fullers' earth in
slightly acid solution and eluted with a mixture of methanol, pyridine and
water. The resulting solution is further purified by precipitation of im-

1 Ind. Eng. Chem., Anal. Ed., 11,346 (1939).
2 Comp. rend. acado .ci. U.S.S.R., 3, 386 (1939).
• Biochem. J., 29, 34 (1935).
• Acta Brevia Neerland. Physiol. Pharmacol. Microbiol., 5, 77 (1935).
• Congr. intern. teoh. ohim. indo agr. oomp. rend. 5th Congr., 1,57 (1937).
• Acta Brevia Neerland. Physiol. Pharmacol. Microbiol., 9-10, 136 (1936).
7 Nature, 138, 164 (1938).
• Indian J. Med. Re.earch, 24, 1083 (1937).
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purities with acetone. The riboflavin in the final solution is determined by
measuring the amount of fluorescence. All manipulations are carried out
in the dark or under the illumination of a dull red light. Neuweiler9 and
Bierry and Gouzon10 also use adsorption by fullers' earth to determine
riboflavin in food stuffs.

Chemical determinations of riboflavin in dairy products are used quite
extensively in this country. Supplee and coworkersll •12 report a simple
method of estimation in which only a standard of pure riboflavin and an
ultra violet light with a suitable filter are needed. The fluorescence of the
unknown solution is compared with a series of standard solutions. These
workers find that light destroys riboflavin. These same workers13 in a
later paper have applied their procedure to yeast, alfalfa, and other prod
ucts. Weisberg and Levinl4 extract the riboflavin from solid dairy products
by refluxing with methanol acidulated with acetic acid, in the presence
of carbon dioxide and the absence of light. They remove impurities by
adding acetone and then cooling at refrigerator temperature. In an al
ternative procedure they reflux the unknown with methanol only; adsorb
the riboflavin on British fullers' earth; and elute with a mixture of pyri
dine, methanol, and water. In both procedures the quantity of fluores
cence determines the quantity of riboflavin present. Sodium fluorescein
solutions are used as standards. Witnah, Kunerth and Kramer15 deter
mine riboflavin in milk by precipitating the protein with trichloracetic
acid and matching the fluorescence with a series of standard riboflavin
solutions. Hand16 also uses a fluorometric procedure for riboflavin in milk.
Norris and coworkers17 have developed a number of methods for ribo
flavin in milk and milk by-products and have lately extended them to
other foods, but as these methods have not been published, a review of
them will not be given here.

PLAN OF WORK

In the work this year the plan of the Associate Referee was to find or
develop a simple chemical method for riboflavin that would be applicable
to all kinds of material. A colorimetric procedure with a stable easily pre
pared standard seemed to meet the conditions more nearly than did a
fluorometric procedure. A colorimetric procedure, though not so specific
as a fluorometric procedure, does not require any special apparatus except
a colorimeter. The colorimetric procedure outlined below and samples of
dried skim milk and of yeast were sent out for collaborative study. This
colorimetric procedure was a combination of the methods of Charite and

:.-'b"J:~~i';:' ~~rg':~i9 ~~936).Z49, 225 (1937).
11 J. Bioi. Chem., 110,365 (1937).
12 J. Dairy Sci., 19,215 (1936).
13 Ind. Eng. Chem., Anal. Ed., 11,495 (1939).
u Ibid., 9, 523 (1937).
"J. Am. Chem., Soc., 59, 1153 (1937).
10 Ind. Eng. Chem., Anal. Ed., 11,306 (1939).
17 Unpublished.
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Khaustov and Emmerie and coworkers, cited previously. It worked fairly
well in the laboratory of the Associate Referee and gave results that ap
peared to be quite reliable.

RIBOFLAVIN m YEAST AND SKIM MILK

Place 10 g. of yeast or 20 g. of dried skim milk in a 200 ml. Erlenmeyer flask and
add exactly 100 ml. of 40% methanol containing 4% acetic acid. Stopper the flasks
tightly and place in an incubator at 350-400 C. for 24 hours. Wrap each flask with
paper to exclude the light. During the extraction period shake the samples well two
or three times. After removing the samples from the incubator, filter but do not wash
the residue. In filtering use ordinary laboratory light, but avoid direct sunshine.
Pipet a 25 ml. aliquot of the filtrate, which may be slightly cloudy, into a 50 ml. volu
metric flask. Add 4 ml. of 4 % KMnO. solution, shake the mixture, and allow to stand
1 minute. Then add 4 ml. of 3 % H.O. and shake the mixture again to remove the
color produced by the KMnO•. If necessary add 1 or 2 ml. more of the H.O•. Dilute
the solution to volume with pure methanol and filter. (This filtrate should be clear,
and have a yellowish green fluorescence.) Estimate the riboflavin in this solution
against .02% K.CrO•. (If proper equipment and standards are available, it may
be estimated photometrically or fluorometrically.) For the colorimetric procedure
place the riboflavin solution in one cup of the colorimeter and set this cup at a depth
of 1, 2, 3,4 em., or any other convenient depth. Place the chromate solution in the
other cup and adjust the depth until the color intensities match. This depth must
be 4-18 mm. Make 10 colorimetric readings and take the average. To calculate the
riboflavin in solution use the following equation:

C= d. +4.4.
d.Xl.4

where d. is the mm. depth of .02% K.CrO., d. is the em. depth of the riboflavin solu
tion, and C is the concentration of riboflavin in the solution (p.p.m.). To obtain the
p.p.m. of riboflavin in the sample, multiply C by the ml. of solution (200) and divide
by the grams of sample.

In addition to the above procedure the collaborators were requested to
analyze the sample by any other procedure that they had used. Special
emphasis was placed on the bacteriological method of Snell and Strong.
The results of the collaborative study are given in Table 1.

COLLABORATORS

The Associate Referee appreciates the generous cooperation of the fol-
lowing collaborators in this study:

H. J. Prebluda, U. S. Industrial Chemicals, Inc., Baltimore, Md.
J. S. Andrews, General Mills, Inc., Minneapolis, Minn.
R. B. Hubbell, Agricultural Experiment Station, New Haven, Conn.
J. W. Clulow, Albers Bros. Milling Co., Seattle, Wash.
L. W. Conn, Sealtest, Inc., Baltimore, Md.
R. O. Brooke, Whitmore Research Laboratory, Malden, Mass.
L. C. Norris, Cornell University, Ithaca, N. Y.
M. D. Thaxter, California Packing Co., San Francisco, Calif.
H. J. Deobald, Allied Mills, Inc., Peoria, Ill.
V. O. Wodicka, Purina Mills, St. Louis, Mo.
E. P. Gundlack and W. B. Griem, State Depart. of Agriculture, Madison, Wis.
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B. L. Oser, Food Research Laboratories, Inc., New York, N. Y.
F. M. Strong, Dept. of Biochemistry, University of Wisconsin, Madison, Wis.
W. L. Hall, U. S. Department of Agriculture, Washington, D. C.

COMMENTS OF COLLABORATORS

V. O. Wodicka.-The colorimetric method presented for determining the concen
tration of riboflavin in the sample entails considerable error. The technic of extrac
tion and purification does not give a pure enough solution for colorimetric estimation
from samples of yeast. This collaborator assayed the sample of dried skimmed milk
by the regular procedure used in his laboratory, which is as follows: The dried skim
milk is refluxed with 75% aqueous acetone, then chilled in the refrigerator, filtered,
washed with 75% acetone, and the concentration of riboflavin in the solution meas
ured fluorometrically. The results of duplicate analyses on the dried skim milk by
this procedure were 18.6 and 18.5 p.p.m.

This collaborator also devised the following procedure for riboflavin in
the yeast:

Reflux 1 gram sample of the yeast with 50 ml. of 2 % acetic acid for 30 minutes.
Cool the mixture to room temperature and add 5 ml. of 1 N NaOH. Then add 5 ml.
of a 6% solution of takadiastase freshly prepared and incubate the mixture for 1!
hours at 1000 F. Filter the mixture and take a 10 ml. aliquot. Add 0.2 ml. of 4%
KMnO., stir the mixture and allow to stand for a minute or so. Add 5 drops of 3 %
H 20 2 and stir the solution to give complete reaction. Stir in 30 ml. of acetone and al
low the mixture to stand for 15-20 minutes to coagulate the flocculent precipitate
that forms. Filter this solution and read the filtrate fluorometrically.

By this method results of 56.2 and 57.6 p.p.m. were obtained on the
yeast sample. According to the collaborator the extraction and incubation
are the result of unpublished research by Dr. Hennessy of Fordham Uni
versity.

L. C. Norris.-Difficulty was encountered in matching the color of the unknown
solution with the standard. It was also found that not all the riboflavin was ex
tracted from the yeast by the fluorometric procedure commonly used. Oxidation, as
a means of getting rid of interfering pigments, cannot be controlled, and interfering
pigments cannot be removed by such a procedure without destroying some of the
riboflavin. Unremoved contaminating pigments were thought to be the cause of the
high values obtained. The samples were assayed by a procedure used in this labora
tory. The value obtained for the dried skim milk was 17.3 p.p.m. and for the yeast
52.7.

E. P. Gundlack and W. B. Griem.-Variations in colorimetric readings gave large
variations in the results. In the yeast sample interfering coloring substances were not
all destroyed, giving high results, and the oxidizing treatment needs to be revised.

M. D. Thaxter.-Impurities that were found in the purified extract from yeast
were soluble in petroleum ether, and had a fluorescence similar to riboflavin when
subjected to irradiation in the near ultra violet. No such difficulty was experienced
with the skim milk. A better extraction was obtained when the samples were shaken
continuously. Also spectrophotometric analyses before and after and reduction by
Na2S20. gave results nearer the true results for yeast; namely 80 p.p.m. when con
tinuous shaking was used.

R. O. Brooke.-It appeared that other pigments than riboflavin remained in the
extract after oxidation. The samples were also assayed by the fluorometric method
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used at Cornell University (unpublished) and by the Snell-Strong bacteriological
procedure. Almost identical results were obtained. The Snell-Strong procedure has
the great advantage in that interfering pigments do not complicate the problem. It is
believed that it is practically impossible to extract riboflavin in a pure state from
most feeds.

L. W. Conn.-The final color developed in the sample did not exactly match that
of the standard. The standard was greenish yellow, while the samples had more of a
slight straw color. Also there was some difficulty in oxidizing excess permanganate
in the milk sample.

J. W. Clulow.-Difficulty was experienced in matching the solution color against
the standard especially with the yeast extract. The reaction between the peroxide
and permanganate was quite severe and tended to bubble over unless the peroxide
was added very slowly.

R. B. Hubbell.-Difficulty was experienced in reading due in part to a slight
brownish tint in the solution obtained from the yeast.

W. L. Hall.-Difficulty was experienced in matching the standard solution
against the sample solution.

J. S. Andrew8.-0ne of the big sources of error in the colorimetric method is the
incomplete removal of non-flavin pigments. The matching of yellow color in such an
instrument as the Duboscq colorimeter is a difficult and inaccurate process and
there may be as much as 20-25% error in the colorimetric readings. The samples
were also run by the Snell-Strong procedure, which has always given fairly reliable
values.

H. J. Prebluda.-The Snell-Strong bacteriological procedure is recommended
highly.

DISCUSSION OF RESULTS

From the data in the table and from comments of the collaborators it
is readily seen that the proposed colorimetric procedure gave results that
are high and that vary widely even in the hands of the same operator.
The collaborators are of the general opinion that the method of extraction
and purification are inadequate and that the final solution obtained, es
pecially with regard to the yeast, contained other yellow and off-color
pigments that greatly interfered with the final colorimetric comparison.
Three collaborators used the photoelectric photometer without much
better results. Most of the collaborators agree that fluorometric proce
dures are likely to give better results than colorimetic. The bacteriological
method of Snell and Strong was studied by five collaborators and was
well recommended. However, quite wide variations were obtained by the
collaborators that used it. The results of this collaborative study look
promising and indicate that a reliable chemical method for riboflavin is
not an impossibility and that further work along this line should be
undertaken.

RECOMMENDATIONS

It is recommended-
(1) That chemical methods for riboflavin be studied further and that

fluorometric methods be considered.
(2) That the Snell-strong bacteriological technic be further studied.
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REPORT ON CANNED FOODS

By V. B. BONNEY (U. S. Food and Drug Administration,
Washington, D. C.), Referee

L. M. Beacham conducted collaborative work on the determination of
chlorides and total solids in tomato products. No other collaborative
work on methods of analysis for vegetables and vegetable products was
done during the past year.

RECOMMENDATIONSl

It is recommended-
(1) That Beacham's recommendations on methods for tomato products

be adopted.
(2) That, in Chapter XXXV, Vegetables and Vegetable Products, the

sentences, "Without shifting the product, so incline the sieve asto facili
tate drainage of the liquid. With the exception of very soft products, such
as tomatoes, carefully invert by hand all pieces containing cups or cavities
if they fall on the sieve with cups or cavities up. Cups or cavities in soft
products may be drained by tilting the sieve, but no other handling of
these products while draining is permissible," be added at the end of the
first paragraph under 2-Preparation of Sample--Official. Also change
the first sentence of the second paragraph to read, "Allow the material
on the sieve to drain 2 min., ... "

(3) That the reference under 3-Moisture--Official-be changed to
refer to the method for total solids, for tomato products. (The present
reference seems to be in error since it refers to a method of cold drying over
sulfuric acid, although the Referee can find no indication that such a
method was ever adopted by the Association for vegetables and vegetable
products.)

(4) That Paragraph 20 under Tomato Products, Ash-Official, be
changed to read the same as Paragraph 4, Ash-Official.

(5) That the second paragraph under Paragraph 29, Yeasts and Spores,
be amended as follows: Place a period after "cover-glass" at the end of
line 4 and substitute the sentence, "Discard any mount showing uneven
distribution, absence of Newton's rings, or liquid that has been drawn
across the moat and under the cover-glass," for the clause beginning
"observing precautions to secure production of Newton's rings ... " and
ending with the words "supporting surfaces of the slide."

(6) That studies of methods for quality factors and fill of containers be
continued.

(7) That collaborative studies on the method for total solids in tomato
products be continued.

1 For report of Subcommittee C and action by the Association, see This Journal, 23, 61 (1940).
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REPORT ON TOMATO PRODUCTS

By L. M. BEACHAM (U. S. Food and Drug Administration,
Washington, D. C.), Associate Referee

During the past year the practicability of determining the chlorides in
tomato paste and puree by means of the official method for chlorides in
tomato juice, This Journal, 20, 78 (1937), was investigated. Since the
puree filtered but slowly and the paste not at all, the procedure given in
the note on the method was followed. In this procedure a weighed or
measured quantity of paste or puree is placed in an Erlenmeyer flask,
and 30-40 ml. of water, and sufficient nitric acid to destroy organic mat
ter, are added. A measured quantity of standard silver nitrate is added,
and the mixture is boiled until a clear supernatant liquid is obtained. The
excess silver nitrate is titrated with standard ammonium thiocyanate.
Numerous difficulties were encountered. The presence of great quantities
of organic matter in the paste and puree made it difficult to obtain a
clear solution. The precipitated silver chloride was colloidal and required
prolonged boiling before a coagulated precipitate was obtained. When the
excess silver nitrate was titrated with ammonium thiocyanate, the end
point was very obscure, a condition that the addition of nitrobenzene did
not overcome. Numerous modifications of the method were investigated,
and the following method, which has been found equally applicable to
tomato paste, tomato puree and tomato juice, was developed:

Weigh 5 g. of the tomato material and transfer with 80% C 2H.OH to a 100 ml.
volumetric flask. Add 80% C 2H.OH to give a volume of approximately 50 ml.
Shake well to get all the tomato material into suspension. Add 1 ml. of concentrated
HNO. and by means of a pipet add 25 ml. of 0.1 N AgNO•. Make to 100 mI. volume
with 80% alcohol. Transfer to a centrifuge bottle and centrifuge at 1800 r.p.m. for
5 minutes. Pipet 50 mI. of the supernatant liquid into a 300 mI. Erlenmeyer flask,
add 2 ml. of a saturated solution of ferric ammonium sulfate, and titrate to a per
manent light brown color with 0.1 N ammonium thiocyanate solution. Multiply the
number of mI. of NH.CNS used by 2 and subtract from 25. Multiply the difference
by 0.005843 to obtain the weight of chlorides present, expressed as grams of NaCl.
Divide by 5 and multiply by 100 to calculate the percentage of salt present.

COLLABORATIVE WORK

Samples were submitted to 10 laboratories of the Food and Drug Ad
ministration and to three commercial laboratories for collaborative analy
ses. It was requested that chlorides be determined by the present official
method (Methods of Analysis, A.O.A.C., 1935, 500, 22) as well as by the
suggested rapid method. In addition, collaborators were requested to
make determinations in duplicate of the total solids in each sample, and
to use the tentative A.a.A.C. method (Ibid., 16, p. 499). With the excep
tion of the sample submitted to C. A. Greenleaf of The National Canners
Association, who received two cans of paste, each sample consisted of one
can of paste and one can of puree. These cans of paste and puree were
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purchased from a local grocery. Each of the cans of paste bore the same
code mark. The same was true of the puree. It was expected that this
wouid insure that all of the cans of each product had come from the same
factory batch. However, the results of the analyses indicate that at least
two separate batches were represented in the sample of paste. This is con
firmed by a statistical comparison of the average salt contents of the two
apparent groups of cans. The difference between the two averages clearly
shows that two or more batches or universes of cans were sampled. The
uniformity from can to can was not so good as could be desired, but the
agreement between duplicate analyses or between the present official
method and the suggested method on the same can was satisfactory.

Results of analyses for chlorides comparing the two methods are given
in Table 2. They indicate that the suggested method gives results slightly
higher than those obtained by the official method. This difference appears
to be constant and is not proportional to the amount of chlorides present.
Greenleaf makes the following comment: "The rapid method for salt
works smoothly and is obviously much quicker and more convenient than
the official method. The difference in results is somewhat greater than
would be expected as a result of the insoluble solids error alone. It would
be of interest to determine whether this is due to a positive error in the
rapid method or a negative one in the official." Accordingly an authentic
tomato paste was prepared. Analysis for chlorides naturally present was
made, both by the official and by the rapid method. A weighed quantity
of salt was added, and total chlorides were again determined by both
methods. Results, which are given in Table 1, are inconclusive.

TABLE I.-Results on salt present and added

A.O.A..C. IlAPm

KETHOD METHOD

peT cenl per cent
Chlorides naturally present .13 .12 .15 .15
Salt added 2.80 2.80 2.80 2.80
Salt, by calculation 2.93 2.92 2.95 2.95

Salt, by analysis 2.95 2.96 2.97 2.97

Several laboratories pointed out that a sharper end point was obtained
when 1 or 2 ml. of concentrated nitric acid was added just before titrating
with ammonium thiocyanate. Since this is an established and recognized
means for secuHng a sharper end point when using ferric ammonium sul
fate as an indicator, it is not believed that incorporating this change in
the method would affect the validity of the collaborative results.

The results of the collaborative work on total solids are given in Table
3. Duplicate determinations on the same can gave very good results.
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TABLE 2.-Collaborative result8 on chloride8 (expres8ed as per cent NaCl)

355

PASTE I'URlOi
COLLABORATOR CAN NO.

A.O.A.C. Il.APm A.O.A..C. Il.APm

per cent per cent per cent per cent
Doris H. Tilden
Food and Drug Adm. 1 0.84 0.89 0.10 0.11
San Francisco 0.84 0.86 0.10 0.13

N. J. Linde
Crown Can Company 2 0.82 0.87 0.10 0.10
Philadelphia 0.82 0.84 0.10 0.10

S. B. Falck
Food and Drug Adm. 3 0.86 0.13
Cincinnati 0.84 0.13

A. H. Wells
Food and Drug Adm. 4 0.85 0.90 0.10 0.12
Los Angeles 0.83 0.90 0.10 0.14

F. L. Hart
Food and Drug Adm. 4 0.92 0.16
Los Angeles 0.91 0.15

C. R. Joiner
Food and Drug Adm. 5 0.85 0.87 0.11 0.11
New Orleans 0.87 0.88 0.12 0.10

H. D. Grigsby
Food and Drug Adm. 6 0.86 0.86 0.11 0.14
Philadelphia 0.85 0.88 0.11 0.13

S. M. Berman
Food and Drug Adm. 7 0.84 0.86 0.09 0.12
Buffalo 0.84 0.86 0.10 0.13

Maurice Siegel
Strasburger & Siegel 8
Baltimore 0.81 0.87 0.09 0.12

C. A. Greenleaf
Nat. Canners Assoc. 9 0.83 0.89
Washington 0.83 0.87

C. A. Greenleaf
Nat. Canners Assoc. 10 1.08 1.13
Washington 1.08 1.12

T. C. Dunn
Food and Drug Adm. 11 1.11 1.13 0.13 0.13
Denver 1.11 1.12 0.12 0.14
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TABLE 2.-Continued

PASTIl ptJREi
COLLABORATOR CAN NO.

A..O..A.C. RAPID A.O.A..C. RAPID

peT cent peT cent peT cent peT cent
H. M. Boggs 1.06 1.10 0.08 0.09
Food and Drug Adm. 12 1.07 1.07 0.08 0.08
New York 1.06 1.07 0.09 0.06

F. M. Garfield
Food and Drug Adm. 13 1.07 1.12 0.09 0.13
St. Louis 1.05 1.12 0.10 0.12

L. M. Beacham 14 1.05 1.09 0.07 0.06
Food and Drug Adm. 15 1.04 1.09 0.08 0.06
Washington 16 1.19 1.20 0.08 0.08

There appears to have been considerable variation from can to can. In
view of this fact the Associate Referee does not believe conclusions as to
the accuracy of this method are warranted. It was noted that care must
be taken in using the method to insure that apparent dryness has been
reached before the 4 hour drying period begins.

The suggestion has been made that the quantity of sample taken for
solids determination be more definitely defined. S. M. Berman of the Buf
falo Station of the U. S. Food and Drug Administration suggests that the
size of sample for solids determination be stated in terms of grams of
paste or puree per centimeter of dish diameter. Greenleaf suggests a
m.in.i..rn,um of 9 mg. (dried solids) per sq. em. of drying area and the present
maximum of 12 mg.

There are now two official methods for the determination of chlorides
in tomato products, one applicable to all tomato products, in which the
product is ashed and the chlorides determined in the ash, and one ap
plicable only to tomato juice. The rapid method, on which collaborative
work is herein reported, is equally applicable to tomato juice and other
tomato products. The special method for chlorides in tomato juice seems
to have no advantage over it, either in rapidity or in accuracy.

RECOMMENDATIONSl

It is recommended-
(1) That the method presented for determining chlorides in tomato

products, amended to require the addition of 2 mI. of nitric acid before
titrating with ammonium thiocyanate, be adopted as tentative.

(2) That the present official method for determination of total chlorides

, For report of Subcommittee C and action by the Association, see Thi. Journal, 23, 61 (1940).
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TABLE 3.-Collaborators resuUs on total solids
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COLLABORA.TOa CAN NO. PJ.STJI PUREE

percont per cont

Doris H. Tilden 1 26.28 8.26
26.28 8.28

N. J. Linde 2 26.5 8.31
26.8 8.29

C. R. Joiner 5 26.28 25.94 8.33
25.98 25.97 8.32

H. D. Grigsby 6 25.96 8.20
25.95 8.21

S. M. Berman 7 25.97 8.16
26.00 8.18

Maurice Siegel 8 26.02 8.14

25.91
C. A. Greenleaf 9 25.83

25.79

10 24.83
24.76
24.75

T. C. Dunn 11 24.55 8.10
24.47 8.11

H. M. Boggs 12 25.87 8.32
25.87 8.37
25.87 8.38

F. M. Garfield 13 25.07 8.23
25.14 8.20

L. M. Beacham 14 25.12 8.27
15 25.l'l 8.21
16 25.32 8.18

in tomato juice, be dropped, first action, since the method provided above
is equally applicable to tomato juice and to other tomato products.

(3) That the official method for determining total solids be amended as
suggested by the Referee and Associate Referee.

(4) That the above-amended method be subjected to further col
laborative study.
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ASSOCIATE REFEREE ON ARSENIC AND ANTIMONY

Owing to changes in work and location, C. C. Cassil, Associate Referee
on Arsenic and Antimony, has resigned. C. W. Murray of the U. S. Food
and Drug Administration has been appointed to fill this vacancy.

ASSOCIATE REFEREE ON DETECTION OF ADULTERA
TION OF DISTILLED SPIRITS

Owing to a change of work, S. T. Schicktanz has resigned as Associate
Referee on Detection of Adulteration of Distilled Spirits. A. D. Etienne,
of the Bureau of Internal Revenue, Washington, D. C., has been ap
pointed to :fill this vacancy.



CONTRIBUTED PAPERS

DETERMINATION OF THE TOTAL, VOLATILE, AND
FIXED ACIDS OF DISTILLED SPIRITS FROM

POTENTIOMETRIC DATA

By S. T. SCHICKTANZ* and A. C. BLAISDELL (Alcohol Tax Unit
Laboratory, Treasury Department, Washington, D. C.)

Considerable difficulty is encountered in determining the total, volatile,
and fixed acids of a distilled spirit by the official method. l The value for
total acidity may be in error because of the obscure end point normally
obtained when colored solutions are titrated and phenolphthalein used as
the indicator. Then, too, most distilled spirits contain substances that
change color (darken) near the end point and the colors produced are
often confused with the true indicator end point color change.

. ' The values for the volatile acid portion may be in error if careful technic
is not used during the steam distillation procedure. The titration is ac
curate, however, since the solutions obtained from the distillation are
water white and the phenolphthalein color change is easily recognized.

The accuracy of the value for fixed acids, which is determined as the
difference between the experimental value for total and volatile acids,
depends totally on the accuracy of these determinations, and therefore
any error in either will produce similar errors in the value for the fixed
acids.

Normal titration procedure gives results and values that can be in
terpreted only as total moles of acids that have dissociation values large
enough to be titrated when phenolphthalein is used as an indicator. The
results do not indicate the presence of acids differing greatlyin dissociation
value or differentiate them. Thus, the presence of small quantities of
strong inorganic acids or of acids weaker than acetic can not be detected.

These adverse conditions can be overcome to a considerable extent by
determining the acids potentiometrically. The data of an electrometric
titration plotted as pH versus m!. of alkali added produce a curve that
clearly indicates the types of acids present. The presence of a minute
trace of inorganic acid is indicated by an abnormally low initial pH, be
cause the dissociation constant of practically all inorganic acids is much
greater than that of acetic acid, which is one of the strongest organic
acids normally present in distilled spirits. Similarly, the presence of acids
having dissociation constants lower than that of acetic acid is indicated
by variations in the shape of the titration curve above pH 8.5. An added
advantage of titrating acids potentiometrically is that colored solutions
that normally decrease the accuracy of titration methods that utilize

* Present address: Southern Regional Research Laboratory. U. S. Dept. of Agriculture. New Orleans, La.
I Method. 01 Analy.... A.O.A.C., 1935, 170.
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color indicators for determining the end points do not interfere with the
analysis.

In Table 1 are given the dissociation constants of acids and types of
acids normally found in distilled spirits.

TABLE I.-Dissociation constants of acids normally found in distilled spirits
Aem

Acetic 1.86X10-&
Propionic 1.4 X 10-6

Butyric 1 .48 X 10-&
Isobutyric 1.5 XlO-&
Isovaleric 1 .7 X 10-6

Lactic 1. 38 X 10-<
Benzoic 6.6 XlO-&
Vanillic 3.0 X 10-&
Gallic 4 .0 X 10-&
Phenol 1.3 X 10-10

All the acids except phenol contain a carboxyl group (COOH). Except
for lactic acid, all the dissociation values are of the same magnitude,
which indicates that the strength of a carboxyl radical is independent of
the type of molecule attached to it. Thus a methyl, an ethyl, a propyl,
an isopropyl, and isobutyl, a benzene, a methoxy-hydroxy benzene, or a
trihydroxy benzene molecule attached to the carboxyl radical changes
the dissociation value very little. The introduction of a hydroxyl group
into an aliphatic acid molecule (lactic acid) produces a ten-fold increase
in the dissociation value of the carboxyl group, whereas the introduction
of a methoxy and a hydroxy radical into the benzene nucleus of benzoic
acid produces only a small change. Similarly, the introduction of three
hydroxy groups produces little change as illustrated by the data for gallic
acid.

Any acidic type molecule present in a distilled spirit that contains a
carboxyl acid radical can be titrated when phenolphthalein is used as an
indicator. Likewise, the data for an electrometric titration would include
all these acids. If the titration is carried out only to a pH value of 9.0, no
distinction between the types of acids present could be made, since all
the acids listed, except lactic acid and phenol, have dissociation values of
the same magnitude and consequently would yield titration curves of the
same type and shape. By continuing the titration beyond pH 9.0, which is
possible in an electrometric titration, the presence of the benzene nucleus
and its attached weakly acidic hydroxyl radicals, gallic etc. will affect the
shape and slope of the curve in the higher pH range. Consequently, it
would be impossible to assume the presence of an individual acid in a
mixture containing only aliphatic acids by the analyses of a complete
titration curve, but the presence of an aromatic acid, such as a derivative
of benozic, would be easy to detect because of its effect in the higher pH
range.
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Freshly distilled spirits normally contain only small quantities of acids,
which are produced during the fermentation process. When the spirit is
aged in charred containers, the acid concentration increases owing to the
extraction of the acidic type molecules from the charred portions. By
analogy of conditions that exist during the charring of a barrel and the
destructive distillation of wood, it may be assumed that the products of
decomposition in the two cases will be similar. Thus, in the barrel there
are available for extraction many of the homologs of acetic acid, phenol,
and benzoic acid, respectively.

Since distilled spirits normally contain acids of the aliphatic series,
lactic acid and aromatic acids similar to gallic and tannic, it should be
possible to obtain empirically total, volatile, and fixed acids from the
analysis of an electrometric titration curve. The initial pH should also
indicate the presence of minute traces of relatively strong acids (in
organic), owing to their high dissociation values.

EXPERIMENTAL

All the potentiometric data were obtained with a glass electrode and
a Leeds and Northrup type pH meter. Because of the large size of the
electrodes, the data were obtained on 100 ml. samples. All titrations were
made at room temperature that varied from 28° to 30° C. Because of the
empirical nature of the data obtained, no temperature corrections were
made.

In the potentiometric analysis, a measured volume of sample sufficient
to cover the electrodes (glass and calomel) is introduced into a beaker
and the electrodes are submerged. The sample is stirred, preferably me
chanically, and the initial pH obtained. The titer 0.05 N sodium hydroxide
is now run slowly from a buret into the beaker until the pH of the solution
is 6-6.5. The total volume of titer used is noted and the titration con
tinued, small increments (0.5-1.0 ml.) being introduced and the pH being
noted after each introduction. The titration is continued in this manner
until the pH of the solution reaches at least 11.5. The values for pH and
volume of titer used between pH 6 and 11.5 are now plotted in the usual
manner for calculating the values for total, fixed, and volatile acids. The
time required for a potentiometric analysis is thereby shortened, since
only a few pH readings are required and it is not necessary to plot the
complete titration curve.

In a previous investigation Schicktanz and Etienne2 show that phenol
phthalein changes color in the vicinity of pH 9.8 when present in 100
proof alcoholic solutions. However, in the tiration of samples of whisky,
the writers obtained the best agreement between actual titration and
potentiometric measurements when the end point of the latter determina
tions was taken at pH 10.0. This is shown in Table 3, wherein the results

tInd. Eng. Ch.m., 29, 157 (1937).
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calculated from the titer curves are compared with the values obtained
by the modified official methods suggested by G. F. Beyer.3 In the latter
procedure for the determinatIon of total acid, the sample of whisky (in a
large evaporating dish) is diluted with 10 volumes of neutralized, boiled
distilled water prior to the titration. It may be concluded that this dilu
tion so reduces the color that it does not interfere with the end point color
change.

The value for fixed acids, as determined empirically from the titer
curves, is taken as the volume of titer required to raise the pH of the solu
tion from 8.5 to 11.0. The values obtained are in good agreement with
those obtained by the modified official method as suggested by Beyer.3

In the fixed acids determination, the sample of whisky in a platinum dish
is evaporated to dryness on the steam bath and then further dried for 30
minutes in an oven maintained at 100° C. The residue is dissolved in 25
ml. of 50 per cent ethyl alcohol and transferred to a large evaporating dish,
where it is diluted with 10 volumes of neutralized, boiled, distilled water
prior to the titration.

The value for the volatile acids, in both procedures, is determined as
the numerical difference between the experimentally determined values
for total and fixed acids.

DISCUSSION

In Figure 1 are shown titration curves for acetic acid, benzoic acid,
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a This Journal, 23, 151 (1940).
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and a distillate obtained from whisky in 100 proof alcoholic solution
when 0.050 N sodium hydroxide was used as titer. The abrupt per
pendicular nature of the curves at the end point is indicative of the
presence of relatively strong organic acids. The curve for benzoic acid
has a greater tendency to slope in the higher pH ranges than has either
of the other two curves. This probably is due to a buffering action pro
duced by the presence of the benzene nucleus. However, from the values
for initial pH and the shape of the lower portion of the curve, it may be
assumed that benzoic acid has a dissociation constant very near to that
of acetic acid (see Table 1). The curve for the whisky distillate is identical
to that for acetic acid. From this it may be assumed that the distillate
contains only aliphatic type acids.

In Figure 2 are shown the curves for gallic and tannic acids in 100 proof
alcoholic solution when titrated with 0.050 N sodium hydroxide.
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AND GALLIC ACIDS IN 100 PROOF ALCOHOL SOLUTION.

The general shape of the curve for gallic acid indicates that the car
boxylic acid radical has a relatively high dissociation value and appar-
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ently is not affected during the titration by the presence of the phenolic
groups. Mter the carboxylic radical is neutralized, the additional alkali
added reacts with the phenolic groups to produce that portion of the
curve above pH 9.4. The shape of this portion of the curve may be
attributed to the weakly acidic power of the phenolic groups and to their
buffering action. Since only one carboxylic acid radical is present in a
molecule, the molal concentration of gallic acid may be determined by
normal titration procedure, with phenolphthalein as the indicator. The
same approximate value may be obtained from an analysis of the upper
range of the titration curve, since the volume of alkali used to produce
the slope between pH 9.0 and 11.5 is almost equivalent to the volume
required to neutralize the carboxyl radical of the molecule (lower portion
of curve). Exclusive of the buffering action, it appears that one of the
hydroxyl radicals present in gallic acid has a dissociation value greater
than that of the other two, and consequently is the only acid radical
titrated between the pH range 9.0 and 11.5.

The low value for the initial pH for tannic acid indicates the presence
of a highly dissociated acidic radical. However, this fact is not cor
roborated by the peculiar shape of the curve below pH 9.5. It appears
that because of the complexity of the tannic acid molecule and the
presence of numerous phenolic groups, a typical internal buffering action
takes place immediately upon the addition of alkali to the acid solution.
The portion of the curve above pH 9.5 indicates the presence of a
neutralizing reaction similar to that which takes place during the titration
of gallic acid.

A normal titration of a solution containing small amounts of acetic
acid and its homologs and gallic acid and its homologs, with phenol
phthalein as the indicator, will give a relatively true value for the car
boxylic acid content of the mixture. Potentiometrically, by continuing
the titration beyond the color change of the phenolphthalein, the presence
of the gallic homologs becomes evident. Thus, from the analyses of the
potentiometric data, it is possible to detect the presence of the gallic acid
type molecules, which is not the case with the data from an indicator
titration measurement.

In Figure 3 are shown the curves obtained by titrating potentiometri
cally consecutive samples of whisky removed from the same barrel at
6 month intervals. As the aging proceeds the titration curves shift to the
right, indicating an increase in concentration of total acids. Simul
taneously with the increase in concentration of the acids, the slope of the
upper portion of the curves decreases, indicating a gradual increase in
concentration of acidic groups having a dissociation value lower than
that of acetic acid. It is these acid molecules that are determined as
"fixed acids."

The values for fixed acids by potentiometric analysis (Table 2) show
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an almost gradual and uniform increase with increase in age, whereas the
values obtained by Valaer and Frazier4 by the official method are con
siderably higher and show wide irregularities. It may be assumed that
the irregularities in the values for fixed acids determined by the official
method are due to errors inherent in the method for the determination
of volatile acids, rather than to actual variations in concentration.

In Table 3 is given a comparison of the results for total, volatile, and
fixed acids as determined by the modified official procedures and the
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FIG. 3.-TITRATION CURVE OF SUCCESSIVE 6-MONTH OLD SAMPLES

OF THE SAME RYE WHISKY.

analysis of potentiometric titration curves. Very little difference is shown
in the values obtained by the two methods. Comparatively good checks
are obtained for total, fixed, and volatile acids independent of the age
of the sample being analyzed. Thus, the method for estimating total,
fixed, and volatile acids from potentiometric data, although empirical,
gives results that are in good agreement with those determined by the
modified official procedures.

In the last column in Tables 2 and 3 are given the initial pH readings
for the different samples of whiskies. All the values fall within a narrow
pH range (4.09-4.76) except those for the new whisky sample in Table 3,
which has an initial pH of 5.77 caused by the very low concentration
of acid present.

In Table 4 are given the data for various samples of whiskies, some of
which contained traces of sulfurous or sulfuric acid. All of the samples
were of approximately .the same age.

Each sample that gave a positive test for sulfate gave an initial pH
considerably lower than that normally obtained on whisky containing
the same concentration of total acids.

• Ind. Eng. Chem., 28, 92 (1936).
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TABLE 2.-Values obtained/or total, volatile, and fixed acids by the potentiometric and
modified official methods

TOTAL ACIDS J'DOIlD ACIDS VOLATILE ACIDS

POTJINTIO-
INITIAL

AGII POTENTIo-
OJ'J"lClAL

POTENTIa-
OI'J'ICIAL OI'J'ICIAL pH

J£8ITRIC ""'TRIO ""'TRIO
lOITBOD

KETHOD
IIBTBOD

IIIITBOD
)DlTHOD

K1il.TBOD

yearr
0 5.7 4.8 1.3 0 4.4 4.8 5.18
0.5 43.5 42.0 7.2 10.2 36.3 31.8 4.59
1.0 51.6 51.6 8.1 13.2 43.5 38.4 4.54
1.5 56.7 52.8 9.7 10.8 47.0 42.0 4.49
2.0 63.3 60.0 9.5 12.6 53.8 47.4 4.51
2.5 67.8 68.4 10.5 18.6 57.3 49.8 4.48
3.0 70.2 67.2 11.1 16.8 59.1 50.4 4.50
3.5 74.7 72.0 12.4 18.0 62.3 54.0 4.56
4.0 77.7 74.4 12.4 17.4 65.3 57.0 4.63
4.5 86.1 14.3 71.8 4.33
5.0 90.0 15.0 75.0 4.31
5.5 95.7 16.3 79.4 4.27

TABLE 3.-Values obtained for total, volatile, and fixed acids by the potentiometric and
modified official methods

TOTAL ACIDS FIXED ACIDS VOLATILE ACIDS

INlTIAL
AGII POTENTIO-

OFll'ICIAL
POTENTIo-

OFJ'ICIAL
POTENTIO-

OFFICIAL pH
METRIC

IIllfTBOD
JDlTRIC

lImTBOD
Ml!ITRIC

METHOD
METHOD METHOD KETHOD

yean
2 64.5 66.6 12.3 9.9 52.2 56.7 4.52
4 72.3 75.3 12.3 12.6 60.0 62.7 4.76
6 76.8 74.4 15.3 15.6 61.5 58.8 4.39
4 72.3 73.2 12.9 12.9 60.1 60.3 4.69
2 74.1 75.0 12.6 13.5 61.5 62.5 4.43
2 63.3 65.4 9.9 9.9 53.4 55.5 4.44
3.5 76.5 76.8 12.9 12.6 63.6 64.2 4.38
5 69.0 69.9 10.2 12.3 58.8 57.6 4.36
5.5 96.6 96.0 16.2 18.0 80.4 78.0 4.27
5.5 86.7 86.4 16.8 15.6 69.9 70.8 4.19
7.0 103.5 100.8 18.3 25.2 85.2 75.6 4.20

87.6 85.2 18.3 18.0 69.3 67.2 4.18
80.4 79.2 16.8 16.8 63.6 52.4 4.16
93.3 93.6 19.2 16.8 74.1 76.8 4.09

104.7 103.2 20.1 19.2 84.6 84.0 4.12

In Figure 4 are plotted the values of initial pH against total acid con-
centration as grams per 100 liters for the results given in Tables 2,3, and
4. All the samples containing sulfate ions are indicated by shaded circles.
From their position they are easily distinguished from all samples that
do not contain any inorganic acid.
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TABLE 4.-Results obtained on samples of whisky

367

H,sO.

so.

so.
SO.

I.pH

3.90
4.95
4.95
3.90
4.45
5.10
5.35
3.75
4.92
4.40
4.22

TOTAL

ACID

51.8
24.9
17.1
50.7
27.6
22.5
13.2
57.6
18.9
18.9
54.0

J'IXED

Aero

7.8
7.2
4.8
7.8
4.8
4.5
3.6

10.5
4.8
4.2
9.6

VOLATILE

Aero

44.0
17.7
12.3
42.9
12.8
18.0
9.6

47.1
14.1
14.7
44.4
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FIG. 4.-RELATION BETWEEN INITIAL pH AND TOTAL ACIDS
FOR SAMPLES OF WHISKY.

SUMMARY

The results obtained by the analysis of electrometric titration curves for
distilled spirits are in good agreement with those obtained by the modified
official procedures.

Since the presence of colored and indicator type substances does not
interfere with the determination, the results are easily reproduced.

Traces of highly dissociated acidic substances are easily detected.
The total, volatile, and fixed acid values, and the presence or absence

of traces of inorganic acids are obtained from a single titration curve.
The complete analysis requires about 30 minutes.
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CORRELATION OF FUSEL OIL VALUES BY THE ALLEN
MARQUARDT AND ACETYL CHLORIDE METHODS

By S. T. SCHICKTANZ,* A. D. ETIENNE, and J. L. YOUNG
(Alcohol Tax Unit Laboratory, Treasury Department,

Washington, D. C.)

In the Allen-Marquardt procedure,! which has been adopted as the
official method by the A.O.A.C., the higher alcohols (fusel oil) are oxidized
and subsequently estimated by titration with 0.100 N standard alkali.
In the Schicktanz-Etienne2 acetyl chloride procedure, the higher alcohols
are esterified and the degree of esterification is estimated by a titration
procedure in which 0.100 N standard alkali and 0.100 N sulfuric acid,
respectively, are used.

The aicetyl chloride method has been modified to give more consistent
results when applied as a routine procedure.

The details of the modified method follow:
FUSEL OIL

REAGENTS

Eastman's reagent grade acetyl chloride is used in preparing a 0.23 M solution
in dry toluene. The pyridine solution is made approximately 0.50 M in toluene. Both
solutions may be kept safely in regular well-ground glass-stoppered bottles.

APPARATUS

The distillation unit recommended in the official Allen-Marquardt method is
used to separate the fusel oil fraction and other volatile constituents from the solids
of the whisky.

The reaction flask, Figure 1, is made from a 125 ml. Erlenmeyer flask to which
is attached standard-taper ground joint No. 15. The neck of the flask is elongated
as shown, in order to assure no loss of reagents during pipetting.

In Figure 2 is shown the dehydrating and dealcoholizing still used to remove the
ethyl alcohol and water from the composite CCI. extracts. The still is packed with
small glass helixes 0.64 em. (0.125 inch) in diameter.

PROCEDURE

It was found that the percentage of fusel oil removed by extraction with carbon
tetrachloride depends on both the alcoholic concentration of the aqueous layer
saturated with sodium chloride and its volume.

Thus, instead of using arbitrarily a 50 ml. volume of sample, independent of the
proof, as previously suggested, it appeared necessary to use a standard volume,
made up to a predetermined proof. The proof WI1S taken as 90° to conform to most
of the samples of distilled spirits in commerce. To simplify the analysis, the volume
of sample taken is such that when made up to 50 ml. with water, the proof will be
approximately 90°. For example, if the sample in question is 100° proof, then only
45 ml. is used. The volume of sample required is calculated by the following equa-
tion: 4500

---f = x, whereproo

x is the ml. required to produce 50 ml. of 90 proof material.

III Present address. Southern Regional Researoh Labora.tory. U. S. Dept. of Agriculture, New Orleans, La.
1 Methods of Analysis, A.a.A.C., 1935. 172.
2 Ind. Eng. Chem., Anal. Ed., 11,390 (1939).
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The required quantity of sample is pipetted into the 500 m!. Erlenmeyer flask.
Enough distilled water is added to make the volume 50 mi., after which 30 mi. of

e...
o

FIG. 1. REACTION FLASK. FIG. 2. DISTILLATION UNIT.

0.1 N alkali is added and also a few boiling stones. The flask is attached to the regu
lar Allen-Marquardt distillation unit and 50 mi. is distilled into a small separatory
funnel (125 mi. capacity). The distillation is stopped at this point, 25 m!. of dis
tilled water is added to the Erlenmeyer flask, and the distillation is continued until
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the total volume of distillate is 75 ml. By this procedure the alcoholic concentration
and the volume of distillate are the same in all instances.

To the distillate, in the separatory funnel, is now added 14 grams of NaCI and
the funnel is shaken for 1 minute. The saturated aqueous solution is extracted suc
cessively with 40, 30, 20, and 10 ml. portions of CCl., and shaken 1 minute on each
addition of extractant. The CCI. extract is collected in the reaction flask (Figure 1),
to which have been added a few pieces of carborundum to ensure even boiling. The
reaction flask is attached to the still (Figure 2), and 50 mi. of distillate is collected
by allowing the still to reflux for 5 minutes before removing the first fraction and
then removing nine more consecutive fractions at 5 minute intervals. The reaction
flask is allowed to cool 1 minute, removed while still warm, loosely stoppered, and
cooled for 3-5 minutes in an ice bath. To the flask are now added from precision
pipets, 10 ml. of pyridine solution and 20 ml. of acetyl chloride solution. During the
pipetting procedure the respective reagents are introduced well down in the flask.

Immediately folloWing the addition of the acetyl chloride solution the flask
should be tightly stoppered. (It is advisable to put a very small quantity of lubri
cant on the stopper, not enough, however, to allow the stopper to blowout of the
flask during the folloWing heating period.) The stoppered flask is then shaken and
placed in a water bath" kept at 60° C. The flask is allowed to remain in the bath for
30 minutes, with shaking every 5 minutes. It is then placed in an ice bath for 5
minutes, after which 25 mi. of water is added, the neck of the flask being washed
down during the addition. The contents of the flask are transferred with washing
to a 500 ml. Erlenmeyer and 100 ml. of 0.100 N alkali added from a standard 100 ml.
pipet. The contents are thoroughly shaken and then carefully backtitrated with
standard 0.100 N H 2SO., phenolphthalein being used as the indicator.

A blank should be run with each set of experiments and the alcoholic hydroxyl
groups in the sample estimated as the difference in alkali used in the sample and in
the blank. 1 ml. of 0.1 N NaOH is equivalent to 0.0001 mole (0.0088 gram) of fusel
oil, or 17.6 grams of fusel oil per 100,000, calculated as amyl alcohol.

In Table 1 is given a comparison of the results obtained by the two
methods on samples of whisky, Scotch, and brandy.

TABLE I.-Results of analysis of whisky, Scotch, and brandy

J'UBlllL OIL CALCULATED TO PRoor

LAB. NO. PROOI'
DIFFERENCE

OITICIAL ACETYL CHLORIDE (ACETYL-oPFICIAL)

METHOD ){ETHOD

1. WHISKY

95748 117.4 284 246 -38
81125 101.5 145 145 0
96372 102.6 115 96 -19
98022 107.5 142 136 -6
99715 109.5 166 166 0
99716 109.3 165 150 -15
90881 113.7 262 243 -19
59106 102.8 120 122 +2
89706 103.6 116 113 -3
94313 112.0 203 218 +15

• Smith and Bryant. J. Am. Chem. Soc., 57. 61 (1935).



1940] SCHICKTANZ, ETIENNE AND YOUNG: FUSEL OIL VALUES 371

TABLE I-Continued

J'UBJlIL OIL CA.LCULATED TO PROOP

LAB. NO. PROOF
DIFl'EBENCB

OI'l'ICIAL ACJ!ITYL CHLORIDllI ('<CIIlTYIrOI'I'ICIAL)

KETHOD JlBTBOD

I. WHISKY-Continued

52904 102.0 184 177 -7
55726 103.8 170 171 +1
91353 109.6 132 122 -10
87297 113.4 169 170 +1
70580 100.2 181 188 +7
98020 104.4 174 171 -3
96990 100.9 130 138 +8
96991 100.9 135 138 +3
96992 101.3 147 149 +2
96993 101.3 141 130 -11
98251 106.2 169 167 -2
84687 112.5 185 157 -28
90881 113.7 262 250 -12
96043 110.1 162 141 -21
96044 110.3 161 141 -20

II. SCOTCH

98698 125.5 37 19 -22
98118 87.6 100 78 -22

134 87.3 58 36 -22
86788 86.5 47 35 -12
95674 87.0 63 46 -17

128 86.2 59 40 -19
113 86.2 98 71 -27
114 84.7 71 50 -21
116 86.7 134 102 -32
119 87.3 77 55 -22
139 88.3 130 82 -48

III. BRANDY

83930 101.4 85 95 +10
83523 151.6 127 147 +20
83921 173.6 127 125 -2
83938 107.0 184 196 +12
84030 109.2 229 89 -140
85244 172.0 174 152 -22
83929 101.6 64 69 +5
84014 102.4 111 81 -30
84026 107.4 59 54 -5
84047 103.4 92 89 -3
85979 102.6 84 85 +1
89517 103.2 136 128 -8
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In the majority of instances, the results obtained by the two methods
on whisky are in good agreement. Usually when check results were not
obtained, the values for fusel oil by the official method were high. A pos
sible explanation is that the fusel oil in these samples contained a large
portion of n-propyl alcohol or isobutyl alcohols, which contribute to the
value by the official method, but are removed during the dealcoholization
in the acetyl chloride procedure. Likewise, the excellent agreement ob
taining in the majority of cases can be attributed to the fact that the fusel
oil consists mainly of the higher boiling amyl alcohols and only a small
percentage of the lower boiling alcohols such as n-propyl and isobutyl.

In every case the values obtained by the acetyl chloride method on
Scotch are much lower than those obtained by the official method. The
constancy of the variation between the results obtained by the two
methods makes it possible to correlate the evaluation by means of a
correction factor. The differences between the values are attributed again
to the presence of large percentages of either n-propyl and isobutyl
alcohol, or of both.

Again, as with the samples of whiskies, the differences between the
results by the two methods on brandy are not constant and can not be
correlated by means of a correction factor.

From the results obtained by the acetyl chloride procedure it may
be assumed that the values are dependent mainly on alcohols hav
ing boiling points above that of isobutyl. Since the concentrations of
alcohols boiling above n-amyl are negligible, it may be postulated further
that the acetyl chloride procedu~e gives a relatively true quantitative
measure of the concentration of the n-butyl and the isomeric amyl alco
hols occurring in the so-called fusel oil fraction.

If it is true that the taste intensity factor of an alcohol increases with
increase in molecular weight and also with branching in the molecule, it
may also be true that the taste characteristics of a distilled spirit due to the
fusel oil is entirely dependent on the concentration of the amyl alcohols.
The low-taste-intensity factor of alcohols, such as n-propyl, iso, and
n-butyl, although present in appreciable concentrations, would add very
little to the taste characteristics of the spirit. Likewise, although the
isomeric hexanols and heptanols might have a high taste intensity factor,
their low concentrations would prohibit them from adding greatly to the
fusel-oil taste characteristics.

Thus, the fusel oil, or more correctly the amyl alcohol value, obtained
by the acetyl chloride procedure, probably gives a true picture of the
concentration of those alcohols that are responsible for the characteristic
and essential taste and bouquet of distilled spirits. However, it is neces
sary to investigate further to be sure that the above assumptions and
postulations are true.

From the results obtained, it may be assumed that in the majority of
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instances, especially in the analysis of whiskies and brandies, either
method could be used to obtain results that would indicate a true value
for fusel oil content. Although the time required to complete an analysis
by the acetyl chloride procedure is only 3 hours as compared to 12 to 14
for the official method, the actual man hours of work is approximately
the same for both methods. The time requirement of the official method
could be shortened somewhat by elimination of the saponification step.
This was verified by a set of experiments with samples of whisky, brandy,
and neutral spirits. In all the determinations no esters were recovered
in the distillate by the regular Allen-Marquardt procedure when a mix
ture of 50 ml. of sample plus 30 ml. of 0.100 N alkali was distilled im
mediately.

Although the actual timetrequired for a de~ermination by the acetyl
chloride procedure is less than that of the official method, a higher degree
of technic in manipulation is required by the former method to produce
constant and check results.

DECOMPOSITION OF DOLOMITIC LIMESTONE
IN FERTILIZERS

By E. R. COLLINS and F. R. SPEER (Agronomy Department,
North Carolina Experiment Station, Raleigh, N. C.)

The recent trend in the manufacture of !nixed fertilizers has been
toward sources of nitrogen that leave an acid residue in the soil. At the
same time the more concentrated and purer materials that have been
used permit only relatively small amounts of the secondary nutrients as
impurities~ During the transition period, fertilizers were generally sold
on the basis of their content of nitrogen, phosphoric acid, and potash,
and with little regard to the need for other essential elements or secondary
effects on the soil. For the last few years manufacturers have neutralized
the potential acidity of fertilizers with lime. The inclusion of such neutral
izing materials as dolomitic limestone, which contains considerable mag
nesium, raised a question as to the availability of this magnesium as a
nutrient to the plant.

The experiments reported in this paper constitute part of a coordinated
program of study to determine the availability of magnesium in dolomitic
limestone of different degrees of fineness when used in amounts calculated
to make the fertilizer non-acid for!ning.

LITERATURE CITATIONS

Morgan and Salter (10), Ames and Schollenberger (1), White (16),
MacIntire and Shaw (9), Steward and Wyatt (11), and Hartwell and
Damon (6), working under a wide range of conditions, all came to the
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general conclusion that the finer limestone particles are more rapidly
decomposed in the soil than are the coarser particles.

Taylor and Pierre (13), working with a physiologically neutral 6-8-4
fertilizer, concluded (1) that the two important factors that determine
the rate of decomposition are fineness of division of the limestone and
acidity of the soil; (2) that a very good relationship exists between de
composition and the pH of the soil in the fertilized zone; and (3) that
the coarser grades of dolomitic limestone are not very effective in neutral
izing the acidity due to an acid-forming fertilizer. Taylor and Pierre (14)
substantiated these conclusions by water-soluble magnesium tests.

Carolus and Brown (2) found that potatoes obtained an adequate
supply of magnesium from dolomitic limestone included in a physio
logically neutral fertilizer.

Cook and Connor (4) compared relative values of different agents used
to neutralize acid fertilizers and found that the finely ground dolomite
was superior to the coarsely ground material. Hester and Zimmerly (8)
report that dolomitic material should be of at least IOO-mesh fineness to
be effective in maintaining soil reaction.

Dawson, Snyder, Leighty, and Reid (5) and Collins and Speer (3), in
preliminary reports of work with a physiologically neutral fertilizer,
found that the change in pH resulting from the inclusion of the dolomitic
separates varied with the fineness of division. The residual carbonate
data were generally consistent with the treatments, soil characteristics,
and pH data in that greater decomposition took place with the finer par
ticles.

Although considerable work has been done on decomposition of lime
stone, the value of dolomitic supplements to mixed fertilizers as an
adequate source of magnesium for the immediate crop has not been fully
established.

EXPERIMENTAL METHODS

A. Ge,neral Procedure.-The experiments reported in this paper com
prise greenhouse pot experiments in which the dolomitic materials are
applied to the soil as the neutralizing material of a complete fertilizer and
allowed to react with the soil in the presence of a growing crop under
conditions simulating those in the field.

Nineteen treatments, as presented in Table 1, were used in duplicate
on five soils comprising four soil types. All of the fertilizer used, with the
exception of treatment 2, carried acid-forming sources of nitrogen and
differed only in regard to the amount and kind of dolomitic limestones
or of magnesium sulfate included. The soils selected were a Dunbar very
fine sandy loam, Ruston sandy loam, Norfolk fine sandy loam, and two
Portsmouth fine sandy loams.

The general procedure was essentially the same as that used by Taylor
and Pierre (13), a description of which follows.
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After thoroughly mixing the bulk of the soil, equal quantities of air
dry soil from each soil type were potted in 2 gallon pots in the usual
manner. One-tenth of the soil in each pot was removed and mixed with
a quantity of fertilizer calculated to be equivalent to 1333 pounds per
acre (on the basis of all the soil in the pot). A metal cylinder, which en
closed exactly one-tenth of the area of the inside of the pot, was placed
in the center of the empty pot, and the fertilized soil was placed inside
and gently packed by jolting the pot up and down. The untreated soil
was then placed in the pot on the outside of the metal cylinder and
settled in a similar manner. A circular metal collar protected with as
phaltum paint, 2 inches in height and about 3 inches in diameter, was
placed over the end of the cylinder and the cylinder was removed, leaving
the circular collar to mark the fertilized zone.

Cotton was planted in the area outside the fertilized zone, water was
added on alternate days, and the soil was kept at optimum moisture con
tent by bringing to constant weight at 15 day intervals. The plants were
removed at the end of 65-75 days and dried for analysis. Soil samples
were removed from the center of the fertilized zone by means of a cir
cular cylinder that was about one-half of the diameter of the zone of
fertilized soil.

A portion of each sample was leached for the determination of soil
reaction, and the remainder was air-dried for the residual carbonate de
termination by the Schollenberger method (12).

The quinhydrone electrode was used to determine the soil reaction
values of the leached samples according to the method of Yolk and Truog
(15). The soil was leached in order to simulate the equilibrium pH values
that would result in the field under leaching conditions.

Analyses of plants for calcium and magnesium were by conventional
methods (17).

Supplementary tests were made at shorter intervals after application
of the fertilizer mixture to the soil to indicate the rate at which mag
nesium was being liberated to meet the immediate needs of the growing
crop. These tests were carried out in duplicate on a Dunbar fine sandy
loam of pH 5.5. The soil, fertilized at the rate used in the preceding ex
periments, was placed in water-proof quart containers and maintained at
an optimum moisture with tap water. Samples were taken at 10 and 23
day intervals for pH, residual carbonate, and calcium and magnesium
determinations.

Soil reaction values were obtained on the unleached samples with a
glass electrode, and the residual carbonate data were obtained according
to the simplified method of Schollenberger.

Changes in quantities of magnesium in the soil were determined by
Hester's (7) rapid test method, which is used as a measure of the available
forms.
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B. Testing of Methods.-A review of the literature failed to reveal a
method for determining residual carbonates that combined accuracy and
sufficient speed for routine determinations. The method of Schollenberger
(12) appeared to be the most satisfactory of those available and, therefore,

FIG. I.-ApPARATUS USED FOR RESIDUAL CARBONATE DETERMDfATIONS.

A. Flask for decomposition of carbonates.
B. Flask for barium hydroxide solution.
C. Manometer.

D. Opening for exhausting air and introducing RCI-FeCh mixture
F. Condenser.
R. Automatic buret.

was adapted to this work. The good features were retained and the ease
of manipulation appreciably increased by constructing the apparatus as
a single compact unit with rubber connections largely eliminated. The
picture and description of the apparatus used (Figure 1) illustrate the
compactness and simplicity of operation of the unit.
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The analytical procedure used in these determinations is essentially
the same as that followed by Schollenberger and the general description
is as follows: 20 grams of soil is placed in A and the system exhausted
with a vacuum pump until the manometer contained in the upper part
of the condenser registers approximately 2 em. of mercury. D is closed
with a pinch clamp, the entire apparatus is moved so that the delivery
tip of automatic pipet H may be inserted in E, and 50 ml. of barium
hydroxide is introduced. The system is again exhausted and the intro-

100 F;"e"e.:s.:s of' D;,';03;O" 0'" ODme.s'l'lc Llme.s'l'Dne

80
II::
"~....
".;
o

:-60
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40

20

80-40 60-60 100-.200 >200 o

FIG. 2.-PERCENTAGE DECOMPOSITION OF DOLOMITIC LIMESTONE

OF DIFFERENT DEGREES OF FINENESS.

duction of 60 ml. of hydrochloric acid (1+9) and 5 ml. of ferrous chloride
solution is effected through D. A piece of glass tubing is inserted in D
and the HCI-FeCb mixture is easily drawn in because of the reduced
pressure. The suspension is heated with a micro-burner (boiling occurs
readily below 300 C.), and recovery of all carbon dioxide from soil con
taining dolomitic limestone can usually be effected in 3(}--50 minutes.
As long as decomposition of the carbonate continues, the mixture boils
quietly, but when evolution of the gas has ceased, the mixture bumps
violently, which indicates that digestion is complete. The vacuum is
released by drawing carbon dioxide-free air in through D. B is removed,
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a one-hole stopper is inserted, and the delivery tip of a buret is inserted
in the hole. The excess barium hydroxide is titrated with 0.1 N hydro
chloric acid, phenolphthalein being used as the indicator. The buret
reading is deducted from that of a blank determination conducted in the
same way except that no sample is included, and the quantity of carbon
dioxide absorbed is calculated from the following formula: (blank - buret
reading) Xnormality of HCl X 0.022 = wt. CO2 absorbed.
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FIG. 3.-PERCENTAGE DECOMPOSITION OF COMPOSITE DOLOMITES A. B. AND C.

RESULTS

The percentage decomposition of the dolomitic limestone in contact
with the five soils of the acidity given and for the periods of time indi
cated, as calculated from the residual carbonate determinations, is shown
in Table 2. These results for the particle sizes are depicted graphically
in Figure 2 and for the composite dolomitic limestones in Figure 3. These
values take into account the quantity of residual carbonates found in
treatment 3 (Table 1), which received the same 6-8-6 fertilizer but no
neutralizing supplement.

The pH of the leached soil after contact with the fertilizer treatments
shown for the period of time indicated is given in Table 3. The relative
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effect of the dolomitic separates and composite dolomitic limestone A,
B, and C on the soil reaction is shown in Figures 4 and 5, respectively.

The concentration of magnesium and the C~OiMgO ratios found exist
ing in the cotton plants are presented in Table 4. Dolomitic decomposition
as reflected in magnesium uptake by the plant is depicted graphically
in Figure 6.

The foregoing results deal with the reaction and residual carbonates
at the end of the normal growing season. The question as to whether de-
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composition takes place gradually or rapidly at first and then at a slower
rate would make considerable difference in the quantity of magnesium
available during the early growing season. With this in mind, the writers
set up a series of small jars and applied the different fertilizers to the
entire soil at the rate used in the center core of soil in the previous experi
ments. One set of samples was taken for determination of soil reaction,
available magnesium, and percentage decomposition at the end of 10
day~, and the other set after a period of 23 days. The results are presented
in Table 5.
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The percentage decomposition is shown graphically in Figure 7 for the
10, 23, and 75 day periods of contact with the soil.

Available magnesium was determined by Hester's rapid test method
(7), and the figures presented (Table 5) are for p.p.m. of magnesium in
the fertilized zone.

DECOMPOSITION WITH TIME OF CONTACT

10 10

10 20 .50 flO so 60 70 eo
lVo. OF QAY.s IN cON77II:r WITH SOIL

FIG. 7

10 z.o &0 .-0 .m 60 70 60

Na. OF DlYS IN CONTACT WITH .solt.

DISCUSSION

The good correlation between particle size and percentage decomposi
tion is illustrated in Figure 2. On all five soils studied, an increase in the
fineness of division of the dolomitic supplements is accompanied by a
greater degree of decomposition. The Portsmouth soils of higher organic
matter content, greater buffer capacity, and lower pH values show a
marked increase in decomposition of all the dolomitic fractions over that
of the more sandy and less acid Norfolk and Ruston soils. Differences in
the relative decomposition rates found are apparently due to differences
in soil characteristics.

On the whole, the decomposition of the dolomitic separates is appre
ciable and should be accompanied by the liberation of considerable mag
nesium during the growing season.

Differences in rates of decomposition of the composite doloInitic lime
stones from different quarries are obvious from Figure 3. Composite B
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shows the greatest decomposition, with composite A intermediate be
tween Band C. This would indicate that dolomitic limestones, of equal
fineness, from different quarries, differ in their rate of reaction with the
same soils under these conditions.

The results in Figure 4 show that in general the change in soil reaction
produced by the dolomitic separates increases with the degree of fineness
of grinding. The differences in the effect of the composite dolomitic lime
stones from different quarries on the pH of the soil are shown in Figure 5.

As shown in Table 4 and Figure 6, the magnesium content of the plant
is higher in all cases where 1, i, and full rates of hydrated dolomitic
supplements were added, with the possible exception of the No.2 Ports
mouth soil. The general tendency was for the magnesium content of the
plant to increase as the particle sizes of the dolomitic supplements de
creased, except with the No.2 Portsmouth soil. Plants growing in the
pots receiving fertilizer supplemented with selectively calcined dolomite
contained quantities of magnesium that compared favorably with the
finer particle dolomitic limestone supplements, except on the No. 2
Portsmouth soil. Hydrated, calcined, composite, and 80-mesh and finer
dolomitic limestones are about equally effective in supplying magnesium,
as indicated by uptake data. They are not so effective as magnesium
sulfate but compare very favorably with the results obtained for mag
nesium concentration in the plant receiving the acid-forming fertilizer.

The results in Table 5 and Figure 7 show that there is no one period
in which the rate of decomposition is materially greater than any other
period as the decomposition-time curve approaches a straight line. The
data on the water-soluble magnesium (in fertilizer zone, Table 5) show
that no magnesium was found in the soil receiving the acid-forming
fertilizer. However, the soil receiving the fertilizer with dolomitic supple
ments showed increasing quantities of magnesium as the particle size
decreased and as the reaction period progressed.

SUMMARY AND CONCLUSIONS

Studies were made in the greenhouse to determine the extent of de
composition of dolomitic limestone of different degrees of fineness when
used in quantities calculated to form a neutral fertilizer. These experi
ments comprised pot trials with Dunbar, Norfolk, Ruston, and Ports
mouth soils under conditions simulating those in the field. The extent of
decomposition during the course of a growing season of 65-75 days was
evaluated by change in soil reaction, determination of residual car
bonates, and magnesium uptake by the plant. Additional studies were
conducted in which soil samples were removed at 10 and 23 day intervals
and carbonate decomposition measured by change in soil reaction, deter
mination of residual carbonates, and increase in magnesium extracted by
Hester's method. The data presented indicate the following conclusions:
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1. That pH and buffer capacity of the soil are the major soil factors
involved in dolomitic"limestone decomposition.

2. That determination of residual carbonates constitutes the most
satisfactory index of carbonate decomposition.

3. That calcined, 80-mesh and finer, and composite dolomitic lime
stones of the quality used in these experiments should supply at
least a large part of the magnesium needs of plants.
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ABSENCE OF REVERSION IN AMMONIATED AND
LIMED SUPERPHOSPHATES OF LOW

FLUORINE CONTENT*

By W. H. MACINTIRE and L. J. HARDIN (University of Tennessee
Agricultural Experiment Station, Knoxville, Tenn.)

Loss of P 20 6 availability in ammoniated and limed superphosphates is
of academic interest and practical importance. The range of economic
ammoniation and the role of calcium sulfate in reversion reactions have
been dealt with in several contributions (6,4,3, 5). Differential behavior
of limestone and dolomite in phosphatic mixtures has been reported in
contributions from the Tennessee Experiment Station (8, 10, 12, 16),
and by Beeson and Ross (2). Divergent behavior of additions of calcium

* A cooperative stud:l'- conducted at The University of Tennessee Agricultural Experiment Station
under the auspices of the Tennessee Valley Authority, Department of Chemical Engineering.
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silicates and calcium silicate slag of high fluorine content also was deter
mined (15, 17).

Ross, Jacob, and Beeson (19) stated, "The principal phosphatic com
ponent of heavily ammoniated superphosphates is hydrated tricalcium
phosphate." From a study of the joint usage of dolomite and ammonia,
Keenen and Morgan (7) concluded that resultant formation of phosphatic
compounds less soluble than ordinary tricalcium phosphate is due solely
to the ammonia. The present writers postulated that development of
citrate insolubility in processed superphosphates is due to a true reversion
of engendered tricalcium phosphate into fluorphosphate (15, 17, 14),
rather than calcium hydroxyphosphate.

The objective of this study was to determine whether standard and
triple superphosphates derived from defluorinated rock can be ammo
niated or supplemented by ordinary liming materials without loss of
P 20. availability.

EXPERIMENTAL APPROACH

Experiments related to the immediate objective brought an explanation
for P 20. retrogradation in mixtures of calcined rock phosphate and com
mercial superphosphates (14). The experimental control was a special
superphosphate of meager "1 and A" content and almost devoid of
fluorides (9). The standard and the concentrated superphosphates of the
present study were made, however, by acidulation of raw and ignited
rock phosphates, partly defluorinated and completely defluorinated fused
brown rocks, and a commercial rock phosphate calcine of low fluorine
content. These experimental superphosphates were comparable, there
fore, to conventional superphosphates of widely variant fluorine content.

The P 20. and fluorine contents of the starting phosphatic solids are
given in Table 1. Acidulations were by either 65 per cent sulfuric or 78
per cent phosphoric acid, on basis of total calcium content of the starting
phosphates. The P 20. analyses of the superphosphates and their mixtures
were by A.O.A.C. methods (1). Fluorine determinations were made by
igniting analytical charges with admixed calcium peroxide (13) and then
distilling with perchloric acid at 1350 C., according to the method of
Willard and Winter (20).

TABLE I.-Partial analyses of rock phosphates used in making the
triple superphosphates

....TERIAL

Tenn. brown rock phosphate
Tenn. brown rock phosphate, heated 1 hr. at 6000 C.
Calcined rock phosphate
Fused Tenn. brown rock phosphate
Special fused brown rock phosphate
Florida rock phosphate

per cent
34.90
35.20
36.80
29.80
27.50
32.25

ll'LUORINm8'

per cent
3.88
3.90
0.15
0.67
0.003
3.75

a Fluorine determinations of this table and of subsequent tables were made by J. W. Hammond.
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The ammoniated products (Table 2) were made by bringing agitated
200 gram charges of 12-mesh superphosphates to constant weight in an
atmosphere of ammonia. Fixations of ammonia and diminutions in water
soluble P 20l; are reported, but these results will be considered only as
they serve to facilitate interpretations, the primary objective being to
determine the effect of fluoride components upon formation of citrate
insoluble P 20l;. The mixtures (Tables 3, 4, and 5) were made of 20-mesh
superphosphates and 100-mesh liming materials and then aged at 45° C.
for one month. The aged mixtures were sized to 30-mesh for analysis, and
analytical values found for each final product were computed to initial
basis to compensate for changes in weight.

DEVELOPMENT OF CITRATE-INSOLUBILITY'

In ammoniated superphosphates.-The eleven superphosphates (Table
2) were cured 18 days before ammoniation. A standard superphosphate
from the regular fused rock was not included, because only a slurry re
sulted when this material was mixed with either 65 per cent or 78 per
cent sulfuric acid. The regular fused rock responded readily, however,
to acidulation by 78 per cent phosphoric acid.

The analyses (Table 2) show that ammoniation induced substantial
reversion in the standard and concentrated superphosphates derived from
both raw and ignited Tennessee brown rock. In contrast, ammoniation
induced no reversion in the superphosphates derived from either the
calcined rock or the fused rocks of low fluorine content. Ignition of the
brown rock was intended to inactivate iron and aluminum compounds
and minimize their influence upon reversion. The preliminary heating
had no retardative effect, however, upon reversion in the subsequently
ammoniated products.

Reversion in the ammoniated standard superphosphates from the
brown Tennessee rock, both raw and ignited, was greater than in the
corresponding concentrated superphosphates. This is in agreement with
practical experience and was attributed by Keenen (6) to formation of
tertiary calcium phosphates through secondary reactions between calcium
sulfate and dibasic phosphates.

In ammoniated superphosphate-dolomite mixtures.-The eleven products
of Table 3 were made by allowing the superphosphates to react with 100
mesh dolomite for 24 hours and then ammoniating with ammonia to
constant weight. Each mixture was representative of a rate of 250 pounds
of dolomite per 1750 pounds of superphosphate. The neutralizing effect
of the incorporated dolomite during the preliminary 24-hour period was
reflected by decreases in ammonia fixations and by less reversion in the
systems that contained fluorides. Although substantial reversion still de
veloped in the mixtures carrying normal fluoride content, practically no

1 In the present paper such development will be connoted by «reversion."
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reversion occurred in the mixtures that contained meager quantities of
fluorides.

In superphosphate-limestone and superphosphate-dolomite mixtures.
The eleven superphosphate-limestone and the eleven superphosphate
dolomite mixtures (Table 4) were not ammoniated. Otherwise, they were
respectively identical to those of Table 3.

Limestone caused considerable reversion in the mixtures that contained
the superphosphates derived from starting materials of normal fluorine
content. Reversion in the dolomite mixtures was decidedly less than in
the corresponding limestone mixtures, as explained in previous contribu
tions (10, 11, 7). Practically no reversion was induced, however, by
additions of either limestone or dolomite to superphosphates derived from
any of the three fused rock phosphates or from the calcined rock.

Reversions in the unammoniated dolomite mixtures of Table 4 were
decidedly less than in the corresponding ammoniated dolomite mixtures
of Table 3. Formation of basic phosphates in the dolomite mlxtures of
Table 4 was localized to grains of dolomite, in contrast to the extensive
formation of basic phosphates induced solely by diffused ammonia in the
mixtures of Table 3. Ammoniation therefore resulted in greater surface
contact between component fluorides and engendered tertiary phos
phates, with resultant increase in formation of fluorphosphate.

In superphosphate-lime and superphosphate-cyanamid mixtures.-The
results of Table 5 show P 20. transitions induced by admixtures of calcium
hydroxide, and of cyanamid, at the rate of 125 pounds per 1875 pounds
of superphosphate. The two high-calcic materials caused considerable
reversion in all mixtures that contained superphosphates derived from
phosphatic materials of normal fluorine content. Again, however, re
version did not occur in those mixtures that contained superphosphates
derived from the phosphatic materials of low fluorine content.

DISCUSSION

In previous studies, addition of wetted calcium silicate slag of high
fluoride content to triple superphosphates resulted in reversion far beyond
that induced by corresponding addition of limestone (15, 16). It was
postulated that rapid formation of dicalcium phosphate induced by the
slag was followed by gradual transition into tertiary forms, which then
reacted with fluorides of the superphosphate and those of the slag to
form fluorphosphate (15, 17). Further work demonstrated that the tri
calcium phosphate of admixed defluorinated calcined rock phosphate
reacted with the component fluorides of both standard and triple super
phosphates and caused substantial reversion, which was accelerated by
enhanced humidity and elevated temperature (14). No such reversion
occurred, however, in corresponding mixtures of the calcined rock phos
phate and an experimental superphosphate of meager fluorine content,
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and almost devoid of the extraneous components that occur in com
mercial superphosphates.

To assure such components, the standard and triple superphosphates
of the present study were derived from rock phosphates, either raw or
processed. The several heat treatments imparted different physical
properties to the starting materials and caused variable losses of fluorine,
and undoubtedly affected the nature of "I and A" content. Losses of
organic matter, carbon dioxide, and sulfur from the moderately ignited
rock are deemed to have no effect upon the composition of phosphatic
components. Variation in fluorine content, therefore, was the chief differ
ence in the percentage composition of the several experimental super
phosphates.

Substantial reversion resulted from the direct ammoniation of those
superphosphates that contained fluorides, whereas no reversion occurred
in the systems that were practically fluoride-free. Maximal, intermediate,
and minimal reversions in the ammoniated superphosphates were in direct
relation to the fluorine content of the respective starting materials-raw
and ignited rocks, partly defluorinated fused rock, and substantially
defluorinated rock products. Formation of tricalcium phosphate through
secondary reactions between engendered dibasic phosphates and the cal
cium sulfate content of the standard superphosphates from brown rock
was reflected by more extensive ultimate transitions to fluorphosphate.
This effect was not extensive, however, in the ammoniated superphos
phates derived from Florida rock.

When the superphosphate-dolomite mixtures of normal fluoride content
were aged 24 hours and then ammoniated, reversion in the triple super
phosphate mixtures exceeded that in the corresponding standard super
phosphate mixtures. The dolomite supplements were identical, and the
triple superphosphate mixtures therefore contained larger residues of
water-soluble P 20. for reaction with the subsequently introduced am
monia. Development of the ultimate fluorphosphate in the triple super
phosphate-dolomite mixtures that contained fluorides was greater, there
fore, than in the standard superphosphate-dolomite parallels. The results
of Table 3 indicate that an interval between incorporation of dolomite
and injection of ammonia would minimize reversion, when standard
superphosphates are processed by joint usage of these materials.

Reversion by straight ammoniation of fluoride-bearing superphos
phates exceeded that induced by additions of either dolomite, limestone,
hydrated lime, or calcium cyanamid. Diminutions in water-soluble P 20.
reflected the localized activities of the solid particles, in contrast to the
greater neutralizing effect of the diffused gas. Avidities of the high calcic
solids also were evidenced by reversion beyond the slight effect induced
by the less active dolomite in the mixtures characterized by normal
fluoride content.
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Table 1 shows that ignition of brown rock for one hour at 6000 C. had
caused no loss of fluorine. The moderately ignited rock was more respon
sive than the raw rock to acidulation, but the ignition of the rock did not
diminish reversion when the superphosphates derived from it were sub
sequently processed. Additions of high-calcic liming materials caused
more reversion in superphosphates derived from the ignited brown rock
phosphate than in superphosphates derived from the raw rock.

Considered on the whole, the 66 mixtures of superphosphates and
liming materials of Tables 4 and 5 demonstrate that added liming ma
terials will not develop reversion in the absence of component fluorides.

The term "component" is used to connote natural incidence of fluo
rides. Regardless of whether the fluorine in the superphosphate is present
as calcium fluoride or as calcium silico-fluoride, the effect is the same
when the superphosphate is either limed or ammoniated. It has been
found that reversion by fluorides, dispersed during acidulation, greatly
exceeds reversion induced by additive solid fluorides, in limed and also
in ammoniated superphosphates. Unpublished data demonstrated that
marked reversion occurred in experimental ammoniated superphosphates
produced by acidulation of a fluoride-free marble with phosphoric acid
that had been saturated with calcium fluoride. In contrast, no reversion
occurred upon ammoniation of a similar superphosphate made from the
same solid by acidulation with the same acid without the dissolved
calcium fluoride.

Although it has been shown (17, 18) that additions of precipitated
calcium fluoride caused no measureable reversion during conventional
analysis of processed superphosphates, Rader and Ross (18) found that
the addition of soluble sodium fluoride caused a definite increase in
citrate-insoluble P 205. Such an addition would react with the calcium
compounds of the superphosphate, and the resultant finely divided and
thoroughly disseminated calcium fluoride would be expected to show an
effect similar to that induced by component fluorides of either limed or
ammoniated superphosphates.

Considered in connection with the several previous observations
(a) extensive reversion in mixtures of commercial superphosphates with
calcium silicates and the same effect in mixtures of fluoride-free special
superphosphates with calcium silicate slag of high-fluoride content, (b)
disappearance of pulverulent forms of calcium fluoride from its moistened
and aged 1-12 mixtures with precipitated tricalcium phosphate and con
comitant decrease in P 20 5 solubility, and (c) the incompatibility of cal
cined rock phosphate with commercial superphosphates (14)-the present
findings substantiate the conclusion that formation of calcium fluor
phosphate is the cause of development of citrate-insolubility, or true
reversion.

The results shown in this paper demonstrate that superphosphates
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derived from starting materials of low fluorine content can be ammoniated
fully or supplemented by liming materials without detrimental effect
upon P 20. availability. It is obvious that superphosphates of meager
fluorine content would fill a need in hydroponics, in nutrient-sand media
in greenhouse culture. Mixtures of such superphosphates with the proper
amounts of pulverized limestone would give dicalcium phosphate for use
as an animal-feed supplement. The possibilities of fluoride-free starting
phosphates for such usages should stimulate development of economic
processes for the removal of fluorine from raw rock phosphate.

SUMMARY AND CONCLUSIONS

Economic ammoniation of superphosphates and incorporation of high
calcic liming materials are restricted by resultant loss of P 20. availability.
The result is accelerated by the presence of calcium sulfate and by eleva
tion of humidity and temperature. The writers have endeavored to show
that this is due to the development of calcium fluorphosphate through
reaction between engendered basic phosphates and component fluorides
of the superphosphates.

This paper deals with the effect of ammoniation and of four liming
materials upon P 20. availability in standard and triple superphosphates
made from starting phosphates of variant fluoride content. Marked re
version occurred when superphosphates derived from starting materials
of normal fluoride content were processed and aged one month at 45° C.,
whereas no reversion developed in the processed superphosphates derived
from phosphates of low fluoride content. Superphosphates of meager
fluoride content can be ammoniated fully or mixed with ordinary high
calcic liming materials, without loss of P 20. availability. Utility of
fluoride-free superphosphates for special purposes is pointed out.

THORIUM NITRATE TITRATION OF MICRO
QUANTITIES OF FLUORINE IN AQUEOUS

AND ALCOHOLIC SYSTEMS*

By J. W. HAMMOND and W. H. MACINTIRE (University of
Tennessee Agricultural Experiment Station,

Knoxville, Tenn.)

Quantitative determination of fluorine has been recognized as a difficult
and tedious procedure. Fahey (4) recently pointed out that 21 analytical
technics-gravimetric, volumetric, colorimetric, and nephelometric
were proposed between the appearance of the original Berzelius method
in 1816 and the review by Stevens in 1936 (16). Fahey observed that
Merwin's modification (11) of Steiger's method (15) is used widely in

* Contribution from cooperative studies conducted at The University of Tennessee Agricultural Ex
periment Station under auspices of the Tennessee Valley Authority. Department of Chemica.! Engineering.
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rock analysis and that the lead chlorofluoride technic developed by
Hoffman and Lundell (5) is adapted to analysis of materials of relatively
high fluorine content. These methods are not applicable, however, to
minute quantities of fluorine.

The thorium nitrate volumetric method proposed by Willard and Win
ter (17) was a distinct contribution and has been adapted to analysis of
foods, wines, waters, plants, and soils. Armstrong (1) compared thorium
nitrate titrations in aqueous and alcoholic systems and concluded that
as little as 0.5 micrograms of fluorine can be determined in an aqueous
system devoid of chlorides. He also concluded that the thorium nitrate
solution registers a constant fluorine equivalence in aqueous solutions of
variant fluoride concentrations, and a variable equivalence for a fluorine
range of 1-10 micrograms in alcoholic systems. In a study of aqueous
systems, Dahle, Bonnar, and Wichmann (3) considered (a) quantity of
indicator, (b) variation in pH, and (c) influence of different neutral
solutes. They concluded that the fluorine equivalent of the thorium ni
trate solution is uniformly 66 per cent of theory in titration range of 2-50
micrograms. Upon this assumption, they also concluded that fluorine
could be determined with an accuracy of 0.5 microgram in the range of
0.5-50 micrograms. They did not stipulate, however, that the thorium
nitrate solution intended for a titration of microgram range should be
standardized against a corresponding range supplied by a material of
known fluorine content. In his subsequent report as Referee, Dahle (2)
recommended that, "The procedure for titrating small quantities of
fluorine be studied collaboratively."

Rowley and Churchill (14) assigned stoichiometrical value to their
thorium nitrate solution and prescribed titration in aqueous systems for
a fluorine range of 1-50 micrograms in 100 mI., with pH 3.0-3.1 buffered
with monochloroacetic acid, as recommended by Hoskins and Ferris (6).
The normality of the thorium nitrate was determined, however, by titra
tion against a fluoride of known assay in 48 per cent alcoholic solution.
Reynolds and Hill (13) studied the interference of P04 and 804 and other
ions and concluded that such interference was less in aqueous than in
alcoholic systems. They recommended 0.04 N thorium nitrate solution
for titration of a 50 mI. aliquot, with pH adjustment by rrionochloroacetic
acid buffer. They observed that titrations of aqueous and alcoholic sys
tems give concordant results for fluorine incidence between 0.1 and 60
mg., but not for systems containing less than 0.1 mg. Mason and Ash
craft (8) reported concordant results for titrations with 0.01008 N tho
rium nitrate solution in alcoholic and aqueous systems containing more
than 1 mg. of fluorine per aliquot.

McClure (9) summarized the procedures advocated for analysis of ash
of bone and teeth and concluded that thorium nitrate titrations in aque
ous systems are not adapted to precise determination of less than 10
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micrograms of fluorine per 2 ml. aliquot buffered with monochloroacetic
acid, or for less than 1.0 p.p.m. in milk powder. MacIntire and Hammond
(7) reported complete and expedited recovery of fluorine from soils and
organics fortified with fluorides and ignited with calcium peroxide and
magnesium peroxide, respectively, before steam current distillation with
perchloric acid and titration of distillate with 0.001 N thorium nitrate in
pH-adjusted alcoholic systems. These preliminary ignitions obviate ex
plosions during the perchloric acid distillations. Collaborative work by
McHargue and Hodgkiss (10) demonstrated the effectiveness of this treat
ment. In an adaptation of the Willard and Winter method to determina
tion of fluorine content of wine, Rempel (12) used a 0.01 N thorium ni
trate solution, standardized against sodium fluoride in alcoholic solution.

The objectives of this study were to determine (a) the influence of range
of fluorine content upon relative accuracy of thorium nitrate titrations
in buffered aqueous and 48 per cent alcoholic systems, and in correspond
ing systems with pH adjusted by 0.05 N hydrochloric acid; and (b) the
relation between normality and empirical values of thorium nitrate for
titration of milligram and microgram occurrences of fluorine.

EXPERIMENTAL CONDITIONS

Essential precautions were taken to obviate coatings of colloidal silica
in the distillation flasks, to maintain close proximation to 1350 C. during
distillation, to assure reagent purity, and to provide a constant of in
dicator. Two drops of 0.05 per cent aqueous solution of sodium alizarin
sulfonate per 10 mI. aliquot were used in each titration. The aqueous and
alcoholic systems were all brought to pH of 3.0 ± 0.2. One series of each
type was neutralized and then adjusted to that pH by 1 mI. of 0.05 N
hydrochloric acid per 20 mI. aliquot. Another series of each type was
likewise adjusted by means of 1 mI. of the buffer solution containing
9.448 grams of monochloroacetic acid and 2 grams of sodium hydroxide
per 100 mI. The thorium nitrate solutions were 0.0175 Nand 0.00175 N
for respective titrations of milligram range and microgram range. The
two solutions were standardized against ammonium oxalate and against
the fluorine content of rock phosphate No. 56 of the Bureau of Standards.

RESULTS

The results in Table 1 show the fluorine values obtained for aqueous
and alcoholic solutions having fluorine occurrences of 2-50 micrograms
and 0.2-5 mg. per aliquot of 10 mI. and 10-20 mI., respectively. When
normality values obtained as above indicated were applied, the buffered
and hydrochloric acid-adjusted alcoholic systems were in fair accord with
the known quantities of fluorine for both ranges of concentration. Adjust
ment with hydrochloric acid and use of the buffer solution gave com
parable milligram values for the alcoholic and aqueous systems. In
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general, quantities of fluorine registered by both the alcoholic and the
aqueous systems were in accord with known milligram occurrences of
fluorine. Agreement between quantities of fluorine indicated by titrations
and the known occurrences in both aqueous and alcoholic systems was,
however, much closer in the milligram series than in the corresponding
microgram series.

TABLE I.-Fluorine valu68 for microgram and milligram rang68 by thorium nitrate
titrations in alcoholic and in aqueous systems

THORIUM NlTRA.TlII USEn8' J'LUORINlD pommo

rLUORINE VOLmDD
IN 48% ALCOHOLIC IN AQUBlOUS IN 48% ALCOHOLIC IN AQUEOUS

BYSTilMb SYSTmlb Sys"".b SYSTEKb
CONTJlNT TlTBA.TJID

WITH WITH WITH WITH WITH WITH WITH WITH

HCI BUITER HCI BUPllTR HCl BUFFER HCI BUFFER

---------------------
microgram mi. mi. mi. mI. mi. micro- micro- micro- micro-

gram (}Tam gram gram

none 10-12 0.080 0.12 0.10 0.36 - - - -
2.0 10 0.135 0.18 0.19 0.58 1.84 2.0 2.84 7.3
4.0 10 0.200 - 0.27 - 4.00 - 5.68 -
5.0 10 0.225 0.30 0.31 0.74 4.84 5.9 7.02 12.6
8.0 10 0.305 - 0.47 - 8.02 - 12.02 -

10.0 10 0.380 0.48 0.61 0.96 10.02 11.9 17.04 19.9
20.0 10 0.670 0.70 1.12 1.65 19.71 19.3 35.09 42.8
40.0 10 1.270 - - - 40.00 - - -
50.0 12 1.540 1.78 2.08 3.25 49.61 54.2 66.20 96.0

mg. mg. mg. mg. mg.

none 10-20 0.008 0.05 0.01 0.05 - - - -
0.10 10 0.325 - 0.40 - 0.105 - 0.130 -
0.20 10 0.610 0.70 0.71 0.95 0.200 0.216 0.234 0.299
0.50 10 1.525 1.50 1.49 1.57 0.505 0.482 0.498 0.505
1.00 10 2.950 3.00 2.95 3.15 0.983 0.980 0.983 1.030
2.00 10 5.950 5.95 5.93 5.90 1.985 1.960 1.978 1.950
3.00 20 8.950 - 8.93 - 2.987 - 2.980 -
5.00 20 14.620 14.40 14.75 14.38 4.861 4.770 4.880 4.770

a The thorium nit,rate solutions were 0.0175 N and 0.00175 N for respective titrations of milligram

rangg~s';~~~~u~~with NaOH and then adjusted to pH 3.0, ± 0.2, by either 1 mI. of 0.05 N
Hel or 1 mI. of monochloroaoetic acid bu1ier solution.

o Corrected for respective "blanks."

In the microgram range, the buffered alcoholic solutions gave results
somewhat higher than the results for the corresponding systems adjusted
by hydrochloric acid, and results slightly higher also than the true values.
In the aqueous systems of the 2-50 microgram range, however, results
for the five occurrences were greatly in excess of the true values. This was
true of the systems adjusted with hydrochloric acid and also those
buffered. Each microgram result in the series of buffered aqueous systems
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was much greater than the result obtained for the same incidence of
fluorine in the corresponding system adjusted by hydrochloric acid. Blank
titrations in the buffered microgram series were also in excess of blanks
for the systems adjusted with hydrochloric acid, particularly in the
aqueous systems. Inclusion of the buffer, therefore, tended to magnify the
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FIG. I.-THORIUM NITRATE TITRATION VALUES FOR FLUORINE CONTENT OF

MICROGRAM RANGE, IN AQUEOUS AND ALCOHOLIC SYSTEMS AT pH 3, ±O.2.

error in quantities of fluorine indicated by titration in the 2-50 micro
gram series.

The foregoing results demonstrate that micro quantities of fluorine
can not be determined accurately in aqueous systems by application of the
normality value of a thorium nitrate solution. Were normality value
applied for the 2-50 microgram range in the aqueous systems adjusted
with hydrochloric acid, the mean apparent incidence would be 1.5 times
the true value. Similar application of normality value for microgram
range in the buffered aqueous systems would give a medial apparent in
dication 2.05 times the true medial. For such microgram range, titration
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value of a thorium nitrate solution must be determined empirically
against corresponding quantities of fluorine from a material of known
assay and for the specific solvent, definite volume, and identical quantity
of indicator. When titrations are made in alcoholic solution, however,
application of the stoichiometrical value of the standard thorium nitrate
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FIG. 2.-THORIUM NITRATE TITRATION VALUES FOR FLUORINE CONTENT OF
MILLIGRAM RANGE, IN AQUEOUS AND ALCOHOLIC SYSTEMS AT pH 3, ±O.2.

will give accurate values in a solution of adjusted pH and without in
clusion of a buffer solution.

Figures 1 and 2 show the relationship of the curves obtained by titra
tions of solutions of known fluorine content and the lineal arrangement
of stoichiometrical values for the stipulated milligram and microgram
ranges.
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COMPARISON OF CHEMICAL METHODS FOR ESTIMATING
THE AVAILABILITY OF MAGNESIUM*

By L. F. RADER, JR., K. V. ZAHN, and C. W. WHITTAKER (Bureau
of Agricultural Chemistry and Engineering, Washington, D. C.)

The principal carriers of magnesium from domestic sources now offered
for sale in this country are dolomite or dolomitic limestone and mag
nesium oxide. Active magnesium oxide is now available for fertilizer use,
and it has been increasingly used in mixed fertilizers during the past few
months as a source of magnesium. As is always the case with a material
new to the fertilizer trade, the question of solubility and availability has
been raised both by agronomists and by manufacturers. A preliminary
estimate of the availability of the magnesium in this new material can be
gained from its behavior with respect to reagents.

The choice of a suitable solvent and technic for estimating the avail
ability of dolomitic limestone to plants has been given considerable atten
tion in recent years, especially by Smith and Deszyck (11, 12, 13, 14, 15).
The rate of decomposition in ammonium chloride under standard con
ditions has been suggested as a measure of the reactivity of dolomite by
Shaw (9) while the rate of decomposition in hydrochloric acid was used
by Siems and Batton (10). Kuzmeski (3) studied the solubilities of nine
different dolomitic limestones in a citrate solution of pH 4 and Whittaker,
Rader, and Zahn (17) studied the solubility of dolomite in various sol
vents alone, and after incorporation in fertilizer mixtures. The final choice
of a solvent and technic has, however, not been made. The present paper
presents (a) the results of a study of the behavior toward water and vari
ous citrate solutions of active magnesium oxide both before and after in-

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash
ington, D. C., October 30 and 31, and November 1, 1939, under the title "The Solubility of Magnesium
Oxide Alone and in Mixed Fertilizers."
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corporation in mixed fertilizers, and (b) a comparison of the solubilities
of various mesh sizes of dolomite in several solvents with their availability
as indicated by actual crop tests.

ACTIVE MAGNESIUM OXIDE

Since active magnesium oxide is used mainly in mixed fertilizers it is
important to know its solubility when incorporated in mixtures under the
conditions ordinarily obtaining in practice.

Whittaker, Rader, and Zahn (17), in their study of the reactions of
magnesium oxide in mixed fertilizers, made up a series of mixtures con
taining varying quantities of magnesium oxide and stored one-third of
each mixture at 30°, 60°, and 90° C. for 20 days. These same mixtures
were used in the present study, much of the work having been done con
currently with the work on the reactions of this material. The composition
of these mixtures is given in Table 1.

TABLE I.-Composition of mixtures containing active magnesium oxide

NO.

1
2
3
4
5
6
7
8
9

BASE

Superphosphate
Superphosphate
Superphosphate
Ammoniated Superphosphate (3 %)
Ammoniated Superphosphate (3%)
Ammoniated Superphosphate (3 %)
6-8-6 Fertilizer1

6-8-6 Fertilizer1

6-8-6 Fertilizer1

ACTIVE MA.GNESIml

OXIDE

lb•• jllm

40
80

160
40
80

160
20
40
80

775
24

472
190
539

2000

In the study of these mixtures water solubility was determined by
washing a 1 gram sample on the filter with 250 mI. of water at room
temperature and determining magnesium oxide in the filtrate. For pur
poses of comparison water solubility was also determined in some of the
mixtures by boiling a 1 gram sample for 30 minutes in 200 ml. of water.
In the later discussion, unless otherwise specified, the expression "water
soluble magnesium" means the fraction that was dissolved by leaching
with water at room temperature. Solubility in neutral ammonium citrate
was determined by the technic prescribed for citrate-soluble phosphorus
in Methods of Analysis, A.O.A.C. Magnesium was determined in the in
soluble residue and the citrate-soluble portion obtained by difference
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between the total and citrate-insoluble magnesium oxide. Solubility was
also determined by the same technic in the special solvent suggested by
Smith and Deszyck (15). This solvent, which will be referred to as "special
citrate," is composed of 6 per cent citric acid brought to pH 4 with
ammonium hydroxide. All magnesium determinations were made by the
tentative method given in the 1935 edition of Methods of Analysis,
A.O.A.C.

Table 2 shows the fraction of the total magnesium in the stored mix
tures that was dissolved in each of the citrate solutions and in water by
leaching (17) and by boiling. Large fractions of the magnesium oxide in
the stored mixtures were water soluble, although only about 0.1 per cent
of the magnesium oxide alone was water soluble. Therefore this increased
solubility must be due to reactions that occurred during storage or during
the course of the analysis, or both. The third column of Table 2 shows
the fraction of the magnesium that dissolved on leaching mixtures of the
same composition, freshly prepared from dry materials to prevent re
action prior to the leaching (17). Since the magnesium oxide itself is prac
tically insoluble in water, these figures should represent the extent of the
reactions during the extraction with water. In the stored mixtures most
of these reactions should have gone to completion, since sufficient mois
ture was present to permit the reactions to occur. At present no means
are available for determining what part of the reaction occurred during
storage and what part occurred during the analysis.

When the sample is boiled in determining water solubility considerably
higher values are obtained, and it would appear, therefore, that the boil
ing initiates reactions that would not ordinarily occur during storage.
No data are available at present to indicate which of these methods gives
the best appraisal of the water solubility of the magnesium oxide after
it enters the soil.

The magnesium oxide alone was found to be 99.74 per cent soluble in
neutral ammonium citrate, but in some cases it was appreciably less
soluble in the same solvent when incorporated in the mixtures and stored.
This reduced solubility is perhaps due to exhaustion of the reagent by
other components of the mixture. It is much too large in many cases to
be due to analytical error. The effect of increased storage temperatures
on the solubility of magnesium oxide when incorporated in mixed fer
tilizers has been discussed elsewhere (17). Much less reduction in solu
bility was noted when the special citrate was used, a significant decrease
being found in only 7 of the 27 mixtures studied. If it is later shown by
plant tests that all the active magnesium oxide is available, then it would
appear that the special citrate is more suitable for determining the avail
ability than is neutral ammonium citrate. As will be shown later, the
special citrate gives the best estimate of the availability of dolomitic
magnesium of any reagent yet tried, and it would be a fortunate circum-
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stance if the same reagent could be used for both forms of magnesium.
Water-soluble magnesium is assumed to be available, and by analogy

with the accepted standards for the availability of P 20 5 the citrate
soluble fraction should also be available. Selectively calcined dolomite is
a material that also contains magnesium oxide, and except for minor
differences caused by its content of calcium carbonate it reacts very
similarly to active magnesium oxide from other sources. After detailed
chemical tests Maclntire, Hardin, and Oldham (4) concluded that the
magnesia of selectively calcined dolomite in mixtures with ordinary or
ammoniated superphosphate was available to plants. This observation
is a further reason for supposing that the magnesia in active magnesium
oxide is completely available.

DOLOMITE

Smith and Deszyck (15) considered the agronomic data on the availa
bility of the magnesium in dolomite of varying particle size and reached
the following conclusion: "It seems conservative to estimate that ordinary
dolomites in the average soil at pH 5-5.5 for two or three months will

TABLE 3.-Analyses of dolomites

IlATXRIAL JIlIISB BIZII CaO Mg{) CaCO. IlQUIVALlIlNT

per cent per cent per cent
Dolomite A3 2(}-40 28.02 19.42 98.2
Dolomite A 4(}-60 28.00 19.32 97.9
Dolomite A 6(}-80 27.97 19.31 97.9
Dolomite A 8(}-100 28.02 19.32 98.0
Dolomite A 10(}-200 28.14 19.46 98.4
Dolomite A <200 27.68 19.20 97.0
Dolomite A Composite' 28.06 19.41 98.3
Dolomite B4 Composite' 28.36 16.92 92.6
Dolomite C2 Composite1 30.38 21.25 107.0
Selectively calcined dolomite" 37.86 25.91 132.0

1 Composed of equal amounts of the six mesh fraotions.
:2 Considered a "hard" or unreactive dolomite.

:g~:i~:~:f : :::~~.~~~~~~~lor=~~~e dolomite.
, Mostly ZOO-mesh or finer.

decompose at about the following rates: 20 to 40 mesh, 15 per cent; 40
to 60 mesh, 25 per cent; 60 to 100 mesh, 50 per cent; 100 to 200 mesh,
60 per cent; finer than 200 mesh, 75 per cent. More data are needed for
less acid soils, heavier soils, and very light soils." This conclusion was
based largely on the work of Morgan and Salter (8), Taylor and Pierre
(16), Dawson et al. (2), Collins and Speer (1), and on unpublished data
of Smith and Deszyck. The work of Maclntire and Shaw (5) also seems
to be in fair agreement.

The experiments of Dawson et al., and of Collins and Speer, referred to
above, were conducted with dolomites furnished by this laboratory, and
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therefore an opportunity was afforded the writers to test chemical meth
ods of determining availability of dolomitic magnesium with the same
dolomites that were used in the plant tests. The work described here,
therefore, is more nearly comparable with that of these workers than it
is with that of some of the others. Dawson et al., and Collins and Speer
determined the residual carbonates in the soil after cropping and from
those results calculated the fraction of the dolomite that decomposed.
For present purposes it is assumed that all dolomite that decomposed
liberated its magnesium in an available form. "Percentage decomposi
tion," therefore, is also "per cent available." The figures in the last
column of Table 4, headed "Fraction of Dolomite Decomposed in the

TABLE 4.-Comparison of chemical methods and plant tests for determining availability
of dolomitic magnesium

¥AGNEBIUK CARRIER ONLY MAGNESIUM CARRIER IN

FM~roNopMgOSOL~uIN- 6-8-6 FERTILIZER FRACTION OF

J4A.TEBJAL DOLOMITE

NEUTRAL CITRIC
CITBATED SPECIAL

J'BACTION OF MgO DECOMPOSED

NH. t2c:a). NH.NOi' CITMTE'
SOLUBLE IN SPECIAL IN SOILS

CITRATEI CITRATEl

per cent per cent per cent per cent per cent per cent

Dolomite A 20-40 m. 2.1 9.4 17 31 27 23
Dolomite A 40-60 m. 4.3 15 24 47 43 41
Dolomite A 60-80 m. 5.3 18 26 49 51 53
Dolomite A 80-100 m. 5.9 20 26 52 56 60
Dolomite A 100-200 m. 7.4 19 31 54 62 74
Dolomite A < 200 m. 16 36 41 68 79 85
Composite Dolomite A 8.9 22 26 46 52 54
Composite Dolomite B 11 29 28 61 65 61
Composite Dolomite C 4.0 12 20 29 28 52
Ca(OH).+Mg(OH).· 100 93 99 81 100
Selectively Calcined Dol. 99 98 97 73 100
MgSO.·7H.O 100 100 100 100 97
Active Magnesium Oxide 100 100

, See footnote 2 to Table 2.
2 Used as in the official method for a.vailable PsO, in Thom.a.s slag.
a Solvent and method as suggested by MacIntire. Hardin, and Shaw for available P.O•. MgO determined

in residue.

: ~;t~U;:~edff~:J<:~lJ.~d~:~~~i~s~il~~~;~:~r.:':''h~~~ results of Dawson and coworkers and
of Collins & Speer.

Soil," were obtained by averaging all the results found by these workers
for the fraction of dolomite decomposed during 75-85 days in a soil on
which a crop was growing. The initial pH of the eight soils ranged from
4.6 to 5.6. Part of the data used in obtaining the averages was kindly
supplied by Dawson and by Collins in private communications.

In the present study the solubility of 1 gram samples of each dolomite
alone was determined in each of the four solvents, neutral ammonium
citrate, the special citrate solution, 2 per cent citric acid, and the citrated
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ammonium nitrate suggested by MacIntire, Shaw, and Hardin (6) for the
determination of available P 205. The first two citrate solutions were used
in the same manner that neutral ammonium citrate is used in the official
method for available P 20 5 in acidulated samples (7), but the 2 per cent
citric acid was used as directed in the method for available P 20 5 in
Thomas slag (7), except that a 1 gram sample in 100 ml. was used instead
of 5 grams in 500 ml. The citrated ammonium nitrate was used as specified
by MacIntire, Shaw, and Hardin, except that magnesium was deterInined
in the insoluble residue rather than in the solution, as is recommended for
P 20 5• In addition to the work on the dolomites alone, their solubility in
the special citrate solution was also deterInined when freshly incorporated
in the 6-8-6 base used by Dawson et al. and by Collins and Speer. This
is the base described in Table 1. Freshly made mixtures were used to
avoid changes in the solubility of the dolomitic magnesium due to re
actions with other components of the fertilizer and to make the work
strictly comparable with the plant tests, in which the doloInite was kept
separate from the fertilizer until both were incorporated in the soil. The
Inixtures were adjusted to give the same amount of total MgO in each
case. For purposes of comparison a synthetic mixture of the hydrated
oxides of calcium and magnesium in equimolecular proportions,l selec
tively calcined dolomite, and magnesium sulfate were included in the
tests. The results are collected in Table 4. When used on the 6-8-6 Inix
tures, the special citrate gave results that were in fair agreement with
the averaged pot tests and nearly as good agreement was obtained when
this solvent was used on 1 gram samples of the dolomite alone. Composite
dolomite C is completely out of line in both cases. If this dolomite be
excepted, then the agreement is good except for the two finest fractions.
The other three solvents gave results that were consistently low. In a
previous study of these three composite dolomites B had been rated as
reactive, A as of medium reactivity, and C as relatively inactive. This
rating was based on their solubility in neutral ammonium citrate when
ground to pass 100-mesh. It is interesting to note that all the pot and
chemical tests here reported place them in the same order. The difference
between A and C in the pot tests is hardly significant.

The selectively calcined dolomite alone was about equally soluble in
three of the solvents, but was relatively less soluble in the special citrate.
The digestion of a 1 gram sample of this material in the special citrate
results in the formation, during the digestion, of a copious white pre
cipitate, and it is suggested that sufficient of the citrate ion was removed
by this precipitate to reduce the activity of the solvent and so give low
results by dissolving less magnesium. This precipitate was not observed
in the other solvents. However, when selectively calcined dolomite was

1 This mixture was designated "hydrated dolomite" in the papers by Dawson .1 al. (2) and Collins and
Speer (1).
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included in the mixture it was practically 100 per cent soluble in the

special citrate. The magnesium sulfate by itself was completely soluble
in all four solvents but was very slightly less soluble after incorporation
in the mixtures.

SUMMARY

A comparison of chemical methods for determining the availability of
magnesium from various carriers is presented. Tests with several solvents
indicate that active magnesium oxide is completely available, although
confirmation by actual plant tests is lacking. A special citrate solution
recommended by Smith gave results for the availability of dolomitic
magnesium that more closely approximated the results of plant tests
than did any of the other solvents tried.
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IMPROVED METHOD FOR RAPID ESTIMATION OF
LEAD IN MAPLE PRODUCTS*

By C. O. WILLITS, L. B. NORTON, and C. J. TRESSLER, JR.
(New York State Agricultural Experiment Station,

Geneva, N. Y.)

An accurate and rapid method for the estimation of minute quantities
of lead is necessary for the work that is being conducted here to find the
source of the lead contamination of maple sap and maple sirup and of
foods made from the sirup. The adoption of reasonable means to prevent
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contamination and to remove the lead from the foods already contami
nated are also objectives. The electrolytic and sulfide methods are not
suitable. A study of the colorimetric determination of lead, with dithizone
as the reagent, which was first suggested by Fisher and Leopoldi (6),
together with the many modifications suggested by others (1, 2, 7, 8, 9,
10, 11, 12, 13, 14), has resulted in a method that is based on the "mixed
color" method of Clifford and Wichmann (3), but uses a photoelectric
photometer instead of the neutral wedge photometer as well as a modi
fication of the sampling and details of the lead extraction. The procedure
of the modified method is as follows:

LEAD IN MAPLE PRODUCTS

REAGENTS

High grade reagents are used throughout, but only the dithizone is purified.
(a) Hydrochloric acid.-Approximately 35%.
(b) Ammonia-cyanide-citrate 8olution.-40 grams of KCN, 20 grams of citric

acid, and 500 001. of ammonia (sp. gr. 1.18) diluted to 1000001. with water.
(0) Ammonia-cyanide.-20 grams of KCN and 150 001. of ammonia diluted to

I liter.
(d) Chlor%rm.-Must be free of oxidizing material so that a very dilute solu

tion of dithizone will retain the green tint and not change to yellow on standing.
(e) Indicator.-I % o-cresolphthalein in alcohol.
(f) Cotton.-Absorbent cotton made lead free by washing with 1% HNO. and

water, then dried.
(g) Dithizone (diphenylthiocarbazone).-The Eastman reagent has always been

purified by the A.O.A.C. method. Three dithizone solutions are used:
Solution A.-A stock solution of high concentration (0.2 gram per 100 001. of

CHCla) from which the standard solutions Band C are prepared. For convenience
this stock solution is kept in a separatory funnel. To prevent oxidation it is kept
under a strong aqueous reducing solution of either SO. or a 10 % solution of hydroxyl
amine hydrochloride. Before any of this dithizone-chloroform stock solution is used,
it is shaken vigorously with the overlying reducing agent and the two layers are
allowed to separate.

Solution B.-Used in the final extraction of the lead. A portion of solution A is
diluted with CHCla so that when 25 001. of the resulting solution reacts with 60
gamma of lead to form lead dithizonate there will be a slight excess of dithizone,
which is shown by a faint purple color. Greater accuracy in the photoelectric meas
urements of the quantities of red lead dithizonate formed is obtained by using as
dilute solutions of dithizone as possible. The tintorial power of the dithizone in
CHCla is so great that very slight differences in concentrations would cause serious
error. The strength of this solution is therefore not expressed in the usual manner of
per cent but instead in terms of light absorption as measured by the photoelectric
photometer and galvanometer. Fifteen ml. of the dithizone solution is filtered
through cotton into a test tube, which is placed in the photometer, and the strength
of the solution is recorded in terms of galvanometer deflection. Ail subsequent soiu
tions B of the standard dithizone are made so that this same galvanometer reading
is obtained. This is the only dithizone solution that need be made with great ac
curacy.

Solution C.-Prepared from the strong stock solution A by dilution with CHCla
until the concentration of dithizone is approximately twice that of B as measured
by the color photometer.
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APPARATUS

(I) Separatory funnels.-250 ml. Squibb type for first extraction and 150 ml.
Scientific Glass Apparatus No. J1880 for second or final extraction. A 15 ml. calibra
tion mark is made on the narrow portion of each.

(2) Sirup pipet.-26 em. X1.5 em. with large open tip calibrated to transfer
16.67 grams of standard sirup at room temperature.

(3) Photoelectric color photometer and galvanometer.-The Evelyn (13,14) type col
orimeter was chosen because it permits the measurement of absorption of light by
any solution from zero to 100 % without resorting to dilution methods, and of even
greater importance because it utilizes test tubes for the absorption cells, which are
cheap and more easily used than the rectangular type. The galvanometer should be
sufficiently sensitive to give a full scale deflection when the necessary filters are used.

(4) Eastman Kodak Wratten Light Filter No. 65A.-This is a blue-green filter
with a maximum of light transmission near that of the unchanged dithizone but a
high absorption in the region of the light transmitted by the lead dithizonate. Ac
cordingly the amount of light absorbed is almost completely dependent upon the
quantity of lead present.

STANDARDIZATION OF INSTRUMENT

Since the photoelectric cell measures by means of the galvanometer the amount
of light absorbed by the red, lead dithizonate formed, a relationship exists between
galvanometer reading and the amount of lead present in the test solution. A curve
can be constructed calibrating the galvanometer in terms of amount of lead present
in the test solution. The lead standards are prepared by dilution with 1 % HNO.
portions of a stock solution that contains 0.75 gram of lead as recrystallized Pb(NO.).
in 100 ml. of 1 % HNO•. The concentration of lead in the series of standards was
0, 5, 10, 15, 20, 25, 30, 35, 40, 50, and 60 gamma, respectively, per 50 ml. of acid
solution. Fifty ml. of each of the standard lead solutions is transferred to the 150 ml.
separatory funnels. Two drops of the indicator are added, and the solutions are
neutralized (pH 9) with the ammonia-cyanide solution. Twenty-five mI. of standard
dithizone solution B is added, and the mixture is shaken well to extract all the lead
from the aqueous solution. The two layers are allowed to separate and the CHCla
solution is drawn off and filtered through cotton into the test tube (absorption cell).
The instrument is adjusted so that the galvanometer shows maximum deflection
with no tube in the instrument. This setting of the instrument is to be followed in
all subsequent analyses. Each test tube is in turn placed in the instrument, and the
galvanometer deflection for each one is observed. The plotting of the galvanometer
values vs. that of the gamma of lead gives the standardization curve.

The relationship between the amount of transmitted light and the quantity of
lead is not linear. However, the curve has the greatest slope for the lowest lead
values; thus this portion of the curve can be read with greatest accuracy. It is this
portion of the curve most frequently used in maple sirup work. The curve has been
repeatedly verified and is thoroughly reliable and reproducible.

PREPARATION OF SAMPLE

By means of a pipet 16.67 grams of a sirup is transferred to a 250 ml. separatory
funnel containing 25 mI. of the dilute HCI. If sugar is used, 16.67 grams is dissolved
in water and then transferred to the separatory funnel containing the acid, and the
mixture is shaken well to insure complete solution of the lead; 25 ml. of dithizone
solution C and two drops of indicator are added, and the mixture is neutralized by
addition of the ammonia-cyanide-citrate solution. The same quantity is used in all
the sirup samples of a given series. The mixture is shaken vigorously for 1 minute,
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the layers are allowed to separate, and 15 ml. of the CHCla-dithizone layer is run
into the calibrated 150 ml. separatory funnels. Some maple sirup samples produce
an emulsion during this first lead extraction. In such case the emulsion is filtered
into an intermediate 150 ml. separatory funnel equipped with a 2-holed stopper
containing a short-stemmed funnel with cotton filter and a tube through which the
suction is applied. Sufficient cotton should be used to absorb most of the water of
the emulsion and produce a clear layer of the CHCla-dithizone, 15 ml. of which is
then transferred to the calibrated separatory funnel. Fifty ml. of 1 % HNO. is
added, and the solution is shaken 2 or 3 minutes, or until the dithizone layer appears
blue-green, indicating complete removal of the lead. After the layers have separated,
the CHCI. is drawn off and discarded, and 25 mI. of solution B and two drops of
indicator are added, and the mixture is neutralized with the ammonia-cyanide.
After all the lead from the aqueous layer has been extracted by shaking, a portion
of the CHCla-Iead dithizonate solution is transferred by filtering through cotton
into the colorimeter test tubes. The reading is made as in the standardization, and
this value is translated into gamma of lead by means of the calibration curve.
Simultaneously a blank determination is run under the same specifications used in
the analysis of the sample. The amount of lead found is deducted from that observed
for the sample.

The weight chosen for the amount of sample to be analyzed is 16.67 grams since
the final analysis is made on a 15/25 or 10 gram aliquot of the original sample. As
the standardization curve gives the lead concentration in terms of gamma of lead,
the value automatically expresses the lead analysis in tenths of a part per million.

RESULTS

The method was checked on sirup to which known quantities of lead
were added and found to give complete recovery. The results were also
compared with results obtained by other chemists using different methods
for the analysis of a given sample of sirup.

Aliquots of a sample of- maple sirup known to contain lead were sent
to 11 chemists interested in this subject. No method of analysis was
recommended or suggested, nor did the chemists report the method used.
The samples analyzed in these experiments were sent out from two
different sources, three from the New York State Agricultural Experiment
Station and three from the Central Experimental Farms, Ottawa, Can
ada. The results of the analyses are given in the table.

Since the true lead content of these sirups is not known, it must be
assumed that the average of all the submitted results is the true value.
The values obtained by this method are consistently in closer agreement
with the mean average than are the values obtained by the methods used
by other chemists.

DISCUSSION

With the photoelectric cell the lead can be determined with an accuracy
of less than 0.2 p.p.m. Since a small sample is used, the quantity of zinc
that often accompanies lead as an impurity in maple sirup will be low,
and therefore the amount of reagents necessary to prevent interference
of the zinc can also be kept low. The adjustment of the pH of the solution
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with ammonia is carefully controlled by the use of an indicator since
an excess of ammonia will extract some of the color of the green dithizone
from the chloroform, which would cause serious error in the photoelectric
measurement. The chloroform solutions must be filtered before being
tested since the presence of droplets of water will cause incorrect reading
of the instrument. In the analysis of maple sirup the emulsions that often
occur during the first extraction may be difficult to break by centrifuging,
but the method of filtering the emulsion through a pledget of cotton has
always completely separated the aqueous and chloroform layers. The
chloroform aliquot of the first extraction is easily drawn off from a
separatory funnel and does not require the introduction of a pipet through
the upper aqueous layer. The number of transfers of the sample has been
kept to a minimum, which partially eliminates a source of error.

As this method does not require the running of a set of standards each
time an analysis is made, there is a consequent saving of time and rea
gents, especially if only a few samples are to be run. It is advisable,
however, to recheck the standardization curve once every two or three
months. The adjustment of the concentration of the dithizone-chloroform
solution by means of the photometer instead of by the weight dilution
method permits making duplicate standard solutions, which must be ob
tainable when a standardization curve is used. The accuracy of the deter
mination of lead by the dithizone method is greatly improved by adjust
ing the strength of the standard dithizone solution colorimetrically.
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ESTIMATION OF UNITS OF VITAMIN D AND VITAMIN A IN
FISH LIVER OILS AND THEIR CONCENTRATES

By G. S. FRAPS, A. R. KEMMERER, W. W. MEINKE, and
S. M. GREENBERG (Agricultural Experiment Station,

A. & M. College of Texas, College Station, Texas)

VITAMIN D

The A.O.A.C. method for the determination of vitamin D in fish oils l

has been decidedly improved since work on it was begun. The next logical
step is the expression of the results in units of vitamin D. This form of
expression is more desirable than the mere statement that the oil is as
guaranteed, or especially, that it is below the guaranteed standard. One
object of the present paper is to aid in developing a procedure for ex
pression of the results as units of vitamin D.

For this work there were used the A.O.A.C. method, with slight modi
fications; 5 units of the U.S.P. reference cod liver oil per 100 grams of
feed as a negative control; and 15 units per 100 grams of feed as a positive
control. The U.S.P. reference cod liver oil for vitamin D was therefore
fed at levels of 5,10, and 15 units per 100 grams. The oil to be tested was
fed at 10 units (calculated from guaranteed potency) and was thus
bracketed with three comparisons of the standard oil. This method of
feeding is desirable, because the spread in bone ash between the levels of
feeding of the U.S.P. oil gives some idea as to the adequacy of the test.

Six separate tests were run by this procedure on a total of 17 oils. The
percentages of bone ash are given in Table 1. In four of the six sets, the
spread in the bone ash between the three levels of 5, 10, and 15 units of
U.S.P. reference oil seems to be satisfactory. In set C, however, the 15
units of vitamin D from the reference oil produced only 37.98 per cent
bone ash, compared with 37.46 per cent produced by 10 units. In set E,
the ash produced by 10 units of vitamin D from the reference oil was
only 34.43 per cent compared with 33.78 per cent produced by 5 units
and 41.02 per cent produced by 15 units. Obviously the ash with 15 units
is too low in set C, and the ash with 10 units is too low in set E.

METHOD OF CALCULATION

The following method of calculating the units of vitamin D was de
vised:

For oils giving less ash than the 10 units of U.S.P. reference oil, subtract the ash
for 5 units of the reference oil from the ash for 10 units of the reference oil. Divide
the difference by 5, which gives the value of 1 unit (Factor A). Then subtract the
ash obtained from 10 units of the oil tested from the ash for 10 units of the reference
oil. Divide this difference by Factor A above, to 0.1 unit, and subtract the result
from 10. This gives the value of the oil tested as related to 10 units. To obtain the

1 Methods 01 Analllllis, A.O.A.C., 1935, 351.
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TABLE I.-Vitamin D in fish oils

ASH IN BONJOS (PER ClllNT)

OILTEBTED UNrrs J'ED

TEST A TllISTB TEST 0 TE8TD TllISTJa TEST F

Reference oil 5 36.20 32.92 33.73 35.26 33.78 36.60
Reference oil 10 38.61 36.25 37.46 41.09 34.43 39.98
Reference oil 15 43.42 40.84 37.98 43.65 41.02 41.82

1 10 37.74 37.76
2 10 37.26 36.82
3 10 36.51 37.03 39.17
4 10 35.49 39.16 37.48
5 10 35.23 37.00
6 10 35.39 39.09
7 10 35.39 39.19
8 10 33.21 39.16 38.58
9 10 35.30 40.54 39.73

10 10 35.88 36.00
11 10 35.15 35.81 38.95
12 10 36.54 33.34 40.40
13 10 35.41 35.38
14 10 36.58 34.51
15 10 34.47 34.36 36.65
16 10 33.67 39.74 43.09
17 10 40.41 36.56

number of vitamin D units per gram of oil multiply this last figure by the guaran
teed units of vitamin D in the tested oil and divide by 10.

For the oils giving more ash than the 10 units of reference oil, subtract the ash
obtained from 10 units of reference oil from that obtained by 15 units of reference
oil, and divide by 5 (Factor B). Subtract the ash obtained from 10 units of reference
oil from the ash obtained from the test oil. Divide the difference by Factor B, to 0.1
unit, and add the results to 10 units. This gives the relative quantity. Then as above,
multiply by the guaranteed potency and divide by 10 to get units. Factors A and B
are given in Table 2.

TABLE 2.-Bone ash equivalent to 1 unit of vitamin D
(10% of the 10 units fed)

Set A
Set B
Set C
Set C (corrected)
Set D
Set E
Set E (corrected)
Set F

I'ACl'OB A.

BELOW 10 UNITS

.48

.67

.75

.75
1.17

.13

.72

.68

PAcrOB B

ABOYlil 10 UNITS

.96

.92

.10

.50

.51
1.32

.72

.37
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The results obtained with this method of calculation are given in
Table 3. As stated previously, the ash with 15 units of vitamin D from
the reference oil in set C is too low compared with that from the 5 and
10 units. Unless correction is made, the units for oil No.4, which had an
ash value above the 10 units of reference oil, would be too high. Such is
clearly the case, as shown in Table 3. The units for the remainder of the
oils in test C are correct since the percentage of ash obtained for them
was below the 10 units of standard oil.

TABLE 3.-Units of vitamin D in fish oils

GUARANTElil

UNITS

PER
GRAM:

TESTA TlCSTB TESTe

tJNITS FOUND

TEST D TESTE
TEST II

CORRECTED
TEST" AVEBAGE

61
256

1 85
2 400
3 100
4 400
5 400
6 400
7 400
8 400
9 400

10 400
11 400
12 400
13 100
14 200
15 85
16 85
17 400

70
288
56

140
340
348
348

(220)
344

94
(54)

316
(276)
352

73
176

51
(42)

260
332
336
336
380

376

(448)
(440)

(64)
(107)
(212)

(81)
(119)
(464)

324
312

(176)
72

120
49

113
352

88
252

316
384

340
444

43
156

66
272

79
196
300
340
342
326
369
320
326
398

73
148

48
135
364

In test E the percentage of bone ash with 10 units of standard oil is too
low as compared with the bone ash at 5 units or 15 units. When this low
result is used as a basis of comparison, the units of vitamin D for the oils
tested will be too high. The results of this test, given in parentheses in
Table 3, when compared with the results of other tests on the same oil,
are obviously too high for 6 out of 8 oils. The units of vitamin D were
also calculated by using the average bone ash of the 15 units and the 5
units as the value for 10 units. These results, as given, are more probable.
The average units in the 17 oils tested are also given in Table 3. In making
these averages, the usual practice of excluding wide results was followed.
The averages with 3 of the oils are too irregular to be satisfactory, but
the results with the other 14 oils are quite satisfactory and indicate that
the method is workable. It cannot be expected that as close agreement
between repetitions can be made with a biological method as with many
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other ordinary chemical methods, and this fact must be considered when
the results are examined.

The irregular result in ash obtained with the 10 unit level in test E
seems to be fairly well corrected for by using the average of the 5 and 15
unit levels as was done in this work. Another way to guard against
irregular results would be to have two lots of chickens on the 10 unit level.
This procedure waR tried with test F; the second lot gave 39.96 per cent
ash as compared with 40.02 per cent for the first.

VITAMIN A

Guarantees of vitamin A as well as of vitamin D are made on the fish
oils, but so far no tests have been reported. In the tests hero reported,
a spectrographic and a biologicai method were used. The spectrographic
method is the procedure used by Fraps and Kemmerer for spectro vitamin
A in butter,2 and briefly is as follows:

Saponify 1 gram of cod liver oil with alcoholic potash and extract therefrom with
ethyl ether. After washing free from alkali and drying over anhydrous sodium sul
fate, remove the ether in vacuo and take up the residue in 10 mI. of methanol. Chill
the methanol solution of vitamin A in an ice-salt mixture, filter, and dilute an ali
quot part of the filtrate to the proper volume. Determine the spectro vitamin A in
this solution by measuring the absorption at 328 millimicrons.

The U.S.P. reference oil was subjected to the same test, and the value
of the spectro vitamin A in terms of U.S.P. units was ascertained by
dividing the units of the reference oil (3000 per gram) by the units of
spectro vitamin A. The spectro vitamin A of the oils tested was then
multiplied by this factor to obtain the U.S.P. units of vitamin A in the
oils tested.

The biological potency of the oils was also compared with that of the
U.S.P. reference oil by a method similar to the U.S.P. method. Rats that
had been depleted of vitaInin A were placed on the regular test diet for
vitamin A in 10 groups of 10 rats each, the groups being equalized with
respect to weight and sex. The biological estimations were made in two
tests. In the first test, the U.S.P. reference oil was fed at 4 and 6 Inter
national units twice a week and the remaining 8 groups were fed the oils
to be tested at 6 International units twice a week. In the second test the
U.S.P. reference oil was fed at 3 levels of 2, 4, and 6 International units
twice a week, and 7 test oils were fed at 4 International units twice a week.
The oil was diluted with refined cottonseed oil. At the end of the 4-week
test period, the rats were weighed, and the average weights for those
receiving the U.S.P. reference oil were plotted on semi-log paper. By
comparison with this curve, the vitamin units of the oils being tested
were determined.

Table 4 shows a comparison of the results by both methods. According

• Texa. Agr. Expt. Sta. Bull., 560 (1938).
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to these results, 18 of the samples of oil were below guarantee, while 6
were up to guarantee or past. The ratio of the biological to the spectro
graphic results in 11 comparisons varies from 0.58 to 1.41. These two,

TABLE 4.-Vitamin A by 8pectrographic and biological method8
(U.S.P. units per gram)

U.S.P. trN1T8
RATIO OJ'

NO.
GUARAN'l'EJD 01'

BIOLOGICAL TO

VlTAlIIN ..
SPlIICTIlOQBA.PHIC BIOLOGICAL SPECTRO UNITS

1 3000 2156
2 3000 2389 2850 1.19
3 600 674 950 1.41
4 3000 2105
5 1300 1478
6 3000 846
7 1000 1007 833 .83
8 3000 2118
9 3000 2415 2100 .87

10 3000 1743 1007 .58
11 3000 2492
12 3000 2944
13 3000 1989 2050 1.03
14 3000 1420 1287 .91
15 3000 2260
16 3000 2401 1900 .79
17 3000 2299
18 3000 2131 2375 1.12
19 3000 1678 1875 1.12
20 800 898
21 3000 2272
22 1500 1850 1642 .89
23 600 833
24 3000 1162

however, are the extremes. Six of the oils deviated 13 per cent, and 3
deviated 13-21 per cent. The spectrographic method gave higher values
than the biological method with 6 of the 11 oils compared, while one was
practically the same. Two were within 12 per cent, one within 19 per cent,
and one was 41 per cent higher by the biological than the spectrographic
method. The spectrographic method is satisfactory for rapid preliminary
testing of the oils.

SUMMARY

Vitamin D was determined by the A.O.A.C. chick method modified by
the feeding of the U.S.P. reference oil at 5,10, and 15 units per 100 grams
of feed, and the oils to be tested at 10 units (as guaranteed) to 100 grams
of feed. Six sets were run on 17 oils. The units of vitamin D were cal-



422 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXIII, No.2

culated from the ash analyses and reasonably concordant results were
obtained.

Vitamin A was estimated by spectrographic and by biological methods
on 24 samples of fish liver oils or concentrates, and 18 samples were
appreciably below guarantee. The spectrographic method is satisfactory
for rapid preliminary testing of the oils.

DETERMINATION OF CAROTENE IN PRESENCE
OF LYCOPENE

By G. S. FRAPS, A. R. KEMMERER, and S. M. GREENBERG

(Agricultural Experiment Station, A. & M. College of Texas,
College Station, Texas)

As has been pointed out by Shinn, Kane, Wiseman and Cary,l and by
Fraps and Kemmerer,2 carotene solutions prepared by the tentative
A.O.A.C. method contain impurities. Fraps and Kemmerer2 report that
these impurities can be removed from alfalfa hay and other substances,
at least to some extent, merely by shaking 50 ml. of the crude carotene
solution with 2.5 grams of magnesium carbonate, especially prepared so
as not to adsorb carotene but to adsorb crude xanthophyl prepared from al
falfa leaf meal. This magnesium carbonate is called thexanthophyl reagent.

Some foods, such as watermelons, tomatoes, and red peppers, contain
lycopene or other reddish pigments that are not completely removed by
treatment of the solution with the xanthophyl reagent. The lycopene is
present in sufficient amounts to give a reddish tinge to the solution of
crude carotene prepared by the tentative A.O.A.C. method. It was ad
sorbed, however, by one of the adsorbents prepared as reported in
previous work.2

Experiments were therefore made to ascertain how to prepare a reagent
that would adsorb lycopene but would not adsorb carotene. A test solu
tion of crude lycopene was prepared from canned tomato pulp by the
following procedure: One hundred grams of canned tomato pulp was re
fluxed for 30 minutes with 250 ml. of saturated alcoholic potash. After
being cooled to room temperature, the carotene fraction, which contained
the lycopene also, was extracted with petroleum ether, as in the Hughes
Peterson modification of the Guilbert method.3 The petroleum ether ex
tract was washed with 90 per cent methanol to remove xanthophyl and
then with water to remove any traces of methanol. The solution was then
dried over anhydrous sodium sulfate. This solution contains a large
quantity of lycopene and a small quantity of carotene and other pigments.
As the presence of carotene would interfere in testing the lycopene-adsorb-

1 J. BioI. Chem., 119, Proc. 31st meeting, 89 (1937).
, This Journal, 22, 190 (1939).
'Ibid., 79.
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ing properties of a reagent that should not adsorb carotene, further
purification was necessary. The solution was diluted to 200--400 ml. with
light petroleum ether and shaken with 50 grams of the xanthophyl rea
gent. This treatment removed some impurities. The filtrate was next
shaken with a preliminary preparation of magnesium carbonate that
would adsorb much of the lycopene but would not adsorb carotene. The
magnesium carbonate was added gradually with shaking until 50-75 per
cent of the color was removed. The adsorbent containing the lycopene
was filtered off and washed three times with petroleum ether. The purified
lycopene was eluted from the magnesium carbonate with petroleum ether
containing 2 per cent ethanol. The eluate was washed free from alcohol,
dried over sodium sulfate, and made up to contain 0.5-0.8 p.p.m. of color
estimated as carotene.

This lycopene solution is unstable. The quantity of lycopene decreased
very noticeably in a week, even though the solution was kept in the dark
in cold storage. Therefore it should be freshly prepared every week and
tested before use.

To test the reagent, the color of the test solutions of lycopene and of
carotene were first read in a KWSZ photoelectric photometer, with color
filters adapted for the estimation of carotene. Then 3-5 grams of the re
agent was shaken with 50 m!. of each test solution and the color again
read. To be satisfactory the reagent must adsorb all the lycopene from a
solution containing 0.5-0.8 p.p.m. of lycopene and no carotene from a
solution containing the same amount of carotene. Since xanthophyl is
more easily adsorbed than lycopene, it will also be adsorbed by this lyco
pene reagent. After a number of trials, a lycopene reagent was prepared
by the following method:

PREPARATION OF LYCOPENE REAGENT

Heat 100 grams of MgCO. in an electric furnace at 2000 C. for 1 hour. Test the
reagent for adsorption of carotene. If the reagent does not adsorb carotene, test
with the lycopene solution. If 3-5 grams of the reagent extracts all the red pigment
from 50 mI. of the lycopene solution, the reagent is ready for use. However, if the re
agent adsorbs carotene, small quantities of water (3 ml. at a time) may be added and
the reagent again tested. Repeat this treatment until the reagent does not adsorb
carotene. Then test with lycopene solution as before. As this lycopene reagent is
unstable, it must be kept in a tightly closed container to prevent its moisture con
tent from changing and it must be tested each time it is used.

This method was successful with the magnesium carbonate used. Dif
ferences between different lots of the same kind of adsorbents have been
pointed out by Fraps, Kemmerer, and Greenberg.4 Some modifications of
the procedure, such as longer heating, may be required to adapt the
method to different lots of magnesium carbonate.

A comparison of the lycopene reagent and the xanthophyl reagent in

'Ind. Eng. Chem., Anal. Ed., 12, 16 (1940).
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the analysis of crude carotene solutions prepared by the tentative
A.O.A.C. method is given in Table 1.

TABLE I.-Effect of lycopene reagent and xanthophyl reagent on removal of impuritie8
from crude carotene

PURE CAROTENlC- DlPURlTIEB
CRUD.,

KIND OF MATEBIAL
CABOTENlII

"'rl'ER AftER BY BY
IN

XANTBOPHYL LYCOPENE XANTHOPHYL LYCOPENE
SAJ<PL!l

REAGENT REA.GENT REA.GENTREAGENT

p.p.m. p.p.m.. p.p.m. per cenl per cent
Old alfalfa hay 19.2 15.0 14.8 21.9 22.9
Alfalfa leaf meal, dehydrated 135.0 108.0 103.4 20.0 23.4

Watermelon, Cletex 46.4 42.6 10.8 8.3 76.7
Watermelon, Black Diamond 20.2 2.4 88.1
Watermelon, Black Diamond 23.0 5.0 78.3

Dried apricots 45.6 41.7 31.5 8.6 31.0
Red peppers 4.7 2.9 2.1 37.7 55.9
Tomatoes 43.9 43.8 18.0 0.2 59.0

The lycopene reagent removed only 2-3 per cent more impurities than
did the xanthophyl reagent from crude carotene solutions prepared from
alfalfa. Either of the reagents could be used for alfalfa samples. With
watermelon the lycopene reagent removed 76.7 per cent impurity and the
xanthophyl reagent 8.3 per cent; with dried apricots, 31.0 per cent and
8.6 per cent; and with red peppers and tomatoes, 55.9 per cent and 59.0
per cent and 37.7 per cent and 0.2 per cent impurities, respectively. For
these and similar materials a reagent that removes lycopene should be
used.

Plants contain a number of different kinds of carotinoids and products
derived from them. The application of this very simple method of selec
tive adsorption to the determination of carotene in different feeds and
foods will require the development and use of reagents with adsorptive
powers suitable to the material being studied. This paper shows how the
method can be applied to foods containing lycopene. As the investigation
is pursued, other improvements will be reported.

SUMMARY

A simple method was developed for the preparation of a medium suit
able for the selective adsorption of lycopene and related reddish pigments
from a crude carotene solution, as prepared by the tentative A.O.A.C.
method for carotene. The lycopene reagent removed 76.7 per cent im
purity from crude carotene solutions derived from watermelons, com
pared with 8.3 per cent by the xanthophyl reagent. With dried apricots
the lycopene reagent removed 31 per cent and the xanthophyl reagent
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8.6 per cent impurity. The crude carotene solution from red peppers and
tomatoes also lost much more impurity to the lycopene reagent than to
the xanthophyl reagent. The lycopene reagent removed 2 or 3 per cent
more impurities from crude carotene from alfalfa, than did the xanthophyl
reagent.

The results recorded in this paper and those reported previously5 show
that it is possible to prepare at least two adsorbents with different selec
tive powers for purifying carotene solutions. One (xanthophyl reagent)
adsorbs xanthophyl but not lycopene or carotene. The second (lycopene
reagent) adsorbs both xanthophyl and lycopene but not carotene.

DETERMINATION OF CHLORIDES IN FEEDING STUFFS*

By GEORGE E. GRATTAN and ALFRED POTVIN

The new Canadian Feeding Stuffs Act requires that in certain concen
trated feeds and mineral supplement feeds the percentages of the various
mineral ingredients be declared in terms of calcium (Ca), phosphorus (P),
iron (Fe), iodine (I), and salt (NaCI). Because the official methods
(A.O.A.C.) contained no quantitative procedure for estimating salt, it
was necessary to devise such a method.

A review of recent literature on quantitative chemical analysis gave
little information on the determination of chlorides in the presence of or
ganic matter. Incineration of the organic matter followed by the extrac
tion and determination of the chlorides in the ash tends to cause loss of
chlorides by direct volatilization and also the loss of hydrochloric acid by
the action of non-volatile acid oxides on the chlorides. Alkali chlorides are
volatile at red heat and it is necessary to run blank determinations when
alkaline earth oxides are added to fix the chlorides.

Davies1 proposed a method for determining small quantities of chlorine
in organic matter. He added sufficient silver nitrate solution to react with
all the chlorides present and destroyed the organic matter with potassium
permanganate and nitric acid. In feeding stuffll containing high percent
ages of salt, th~s method would tend 'to increase the cost of analysis un
duly because of the large quantity of silver nitrate necessary to precipitate
all the chlorides.

As a preliminary investigation, leaching on a filter paper with both hot
and cold water was tried, but the organic matter swelled and prevented
filtration. Digestion with water in a flask was also tried in an endeavor to
obtain sufficient clear supernatant liquid, but the amount of soluble or
ganic material prevented complete coagulation and interfered with the
proper end point.

• This J ""mal. 22, 190 (1939).* Contribution from the Chemical Laboratori.... Feed. Fertilizer. Insecticide and Fungicide Control.
Dept. of Agriculture, Ottawa. Canada,.

I Analyst. 57,79-84 (1932).
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It was therefore found necessary to destroy the interferingorganic matter
in such a manner that there would be no loss of chlor;ides. The samples
were first analyzed to determine the percentage of chlorides present, then
known quantities of pure sodium chloride were added, and the resulting
mixture was used for analysis. The samples were ignited at low heat (5500

C.) in the presence of sodium carbonate, Methods of Analysis, A.O.A.C.,
1935, 131,34. This method proved to be quite satisfactory,but it was time
consuming and tedious and required an efficient fume cupboard for the
ignition.

Oxidation of the organic materials present in a wet condition was tried
as a substitute for burning. Digestion with nitric acid gave consistently
low results. Chromates and bichromates gave colored solutions that in
terfered with the volumetric determination. Potassium permanganate
was then tried, and this study is presented in this paper.

EXPERIMENTAL

A mixed feed containing numerous plant and animal organics and very
little inorganic material was selected as the basic sample. It was ground
to pass an 80-mesh sieve and thoroughly mixed. The chlorides were then
determined by the sodium carbonate ignition method referred to above.

Sodium chloride of the highest purity obtainable was heated for several
hours at 5000 C., ground to pass a toO-mesh sieve, heated again to 3500 C.,
and cooled in a desiccator.

Samples were then prepared to contain 5, 10, 15, and 20 per cent of
added sodium chloride, and one sample had no added chlorides. To ascer
tain the approximate amount of potassium permanganate required for
oxidation, 5 gram portions of each of the samples were treated with 1, 2,
3, 5, and 8 grams of potassium permanganate in a flask with 200-300 ml.
of water, boiled for about 10 minutes, and filtered. The results are given
in Table 1.

T ABLE I.-Appearance of the 80lution obtained after filtration

SAMPLE
DESCRIPTION KMnOi USED--

O~
NO.

SAMPLES 1 GBAJI 2 GRA.M:8 3 GRAMS 5 GRAMS 8 GIlAMS

1 low in NaCI viscous, colored, colored very practically
or mineral colored, difficult slightly colorless
matter difficult to filter colored

to filter

2 5% NaCI " " " " "
titration possible, " "

3 10% NaCI " although appearance slightly
" "same as above colored

4 15% NaCI "
5 20% NaCI " " " "
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The quantity of potassium permanganate required for oxidation varies
directly with the amount of organic matter present (Table 1). When
Samples 3, 4, and 5 were treated with 2 grams of potassium permanga
nate, the solution was dark colored and the silver chloride flocculated
only after the addition of a large quantity of nitric acid. The solution
was then somewhat decolorized, which made the titration possible.

Additional 5 gram portions of the same samples were then treated with
5 grams and 8 grams of potassium permanganate and analyzed. As a
comparison the samples were also analyzed by the sodium carbonate
ignition method.

The results are shown in Table 2.

TABLE 2.-Chloridea in feed

SAMPLE SODIUlI CABBONATE- OXIDATION WITH KMnOfo
NUMB"R IGNITION METHOD 5 GILUlS 8 GRAMS

per cent per cent per cent
1 0.84 0.88 0.82
2 5.58 5.72 5.80
3 10.50 10.88 10.87
4 15.62 15.58 15.30
5 20.43 20.77 20.83

It will be observed (Table 2) that the potassium permanganate proce
dure yields slightly higher results than does the ignition method, with
practically 100 per cent recovery of the added salt in the four samples
that contained known amounts. There is also a saving of one-third of the
time required in addition to the cost of the combustions.

The method follows.
SALT (CHLORINE) IN FEEDS

REAGENTS

(a) Standard sodium chloride solution.-Heat reagent-quality (A.C.S.) NaCl in a
muflle furnace or over a Meker burner until decrepitation is over but do not melt.
Cool in a desiccator. Dissolve 1.648 grams in 1 liter of distilled water. This solution
contains 0.001 gram of Cl per ml.

(b) Standard silver nitrate solution.-Dissolve 5 grams of AgNO. in 1 liter of dis
tilled water and adjust the solution so that 1 ml. is equal to 1 ml. of the standard so
dium chloride solution.

(c) Standard potassium sulfocyanate solution.-Dissolve 2.5 grams of KCNS in 1
liter of distilled water and adjust the solution so that 1 ml. is equal to 1 ml. of the
AgNO. solution.

(d) Potassium permanganate solution.-Dissolve about 25 grams of KMnO. in
100 ml. of boiling distilled water.

(e) Ferric alum indicator.-To a saturated solution of FeNH.(SO.)..12H.O
add approximately an equal amount of HNO•.

DETERMINATION

Weigh 5 grams of the sample and place in a 500 ml. volumetric flask. Add 200
300 ml. of distilled water and 10-25 ml. of the KMnO. solution (depending on quan-
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tity of organic matter present in sample) in 5 m!. portions. Heat the flask to boiling.
Cool somewhat before each addition and continue this procedure until most of the
organic matter is oxidized and a black precipitate settles, leaving a clear, easily fil
tered solution. If an excess of KMnO. has been added, remove it by the addition of
a small quantity of perhydrol H.O•. (If organic materials are excessive frothing may
occur. This may be minimized by boiling the sample slowly, particularly at the be
ginning.) Finally cool the solution, make up to volume, and thoroughly mix.

Filter a portion of this solution and pipet an aliquot into a 250 m!. Erlenmeyer
flask. For samples containing less than 15% salt, use a 50 m!. aliquot; for samples
containing 15% or over, use a 25 m!. aliquot. Add 10-15 m!. of HNO. and measure
from a buret sufficient quantity of the AgNO. solution to precipitate all the chlorides
present. Add 10 m!. of the ferric alum indicator and shake the flask vigorously so
that the AgCl coagulates. If difficulty is experienced in this respect, heating or a
drop or two of ether may help to gather the precipitate.

Make the back titration with the KCNS solution until a reddish tint appears.
(Best results are obtained with artificial light on a white enameled plate.)

Calculate the amount of Cl from the amount of AgNO. required to precipitate
the chlorides.

% Cl X 1.648 = % salt.

lt was found that samples less than 5 grams did not give close re
sults, probably due to segregation of the particles or the difficulty in mix
ing substances showing wide variations in specific gravity.

Table 3 gives results obtained in these laboratories with this method
and also with the ignition method.

TABLE 3.-Chloride8 in feeds a8 determined in A880ciate Referee'8 laboratory

BAlIPLlIl SODIUM CARBONA.TlD OXIDATION WITH
DESCRIPTION OF SAMPLE

IGNITION METHOD POTASSIUM: PEBKANGANATmNUMBER

1 Specially prepared, low in .75 .71 .84 .75 .84 .92
Cl

2 No.1 + 5 grams pure NaCl 5.22 5.58 5.70 5.87 5.80 5.49
3 No. 1+10 grams pure NaCl 10.50 10.65 10.73 10.87 10.87 10.90
4 No.1 +15 grams pure NaCl 15.42 15.62 15.60 15.30 15.76 15.68
5 No.1 +20 grams pure NaCl 20.12 20.43 20.24 20.78 20.83 20.72
A High in organic matter 1.39 1.39 1.35 1.55
B High in organic matter 3.89 3.99 3.99 4.21
C Mod. high in organic matter 16.63 16.68 17.07 17.14
D Much less organic matter 28.70 28.97 29.15 29.40
E Low in organic matter 5.98 6.02 6.14 6.26

Samples A. B, a, D , and E, were taken from offioial samples sent in for analysis.
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By H. J. LYNCH and NEULON DEAHL (Analytical Laboratories
of Parke, Davis and Co., Detroit, Mich.)

In determining the vanillin content of concentrated vanilla flavoring
extracts containing added vanillin by the official colorimetric methodl it
has not been possible to recover a considerable portion of the vanillin
actually added. Since preliIninary investigations proved that the vanillin
was not being lost by precipitation, by volatilization or by other physical
means, a study was made of the assay procedure itself in an effort to
account for failure to get theoretical results.

The official method, originally developed by Folin and Dennis,2 di
rects that a quantity of the sample that contains 8-12 mg. of vanillin
(usually 5 m!.) be diluted with 75 m!. of water, precipitated with 4 ml.
of a solution of basic and neutral lead acetates, and then made up to a
volume of 100 m!. with water. A rather voluminous precipitate of lead
resinate is obtained at this point.

Folin and Dennis called attention to the fact that even in fairly dilute
solutions vanillin may be precipitated by basic lead acetate, but stated
that they had satisfied themselves that in the very dilute concentrations
of vanillin used in their method no vanillin was precipitated by the lead
solution. However, since previous investigations by the writers had dem
onstrated that the vanillin was not being lost, it seemed logical to con
clude that it was either being precipitated by the lead solution or being
occluded by or adsorbed on the precipitated lead resinate.

A modification of the official precipitation procedure, which perInitted
washing of the lead precipitate on the filter with water to remove occluded
or adsorbed vanillin, was tried. The proper quantity of the extract was
placed in a 125 m!. Erlenmeyer flask and diluted with sufficient water so
that the additon of 4 m!. of the lead solution gave a volume of 50 ml. This
solution was then filtered into a 100 m!. volumetric flask, and the precipi
tate was washed with water until 100 ml. of filtrate was obtained. After
being mixed, 5 m!. of this filtrate was taken for assay as directed in the
official method. This method, which will hereafter be referred to as the
"Filtration Modification," gave results definitely higher than those ob
tained by the official method, but still failed to account for all the vanillin
known to be present.

Subsequent investigation showed that the vanillin could be removed
from this lead precipitate practically quantitatively, but such a large
volume of water was required and the washing tiIne was so long that the

1 Methods of Analysis, A.O.A.C., 1935,307.
• J. Ind. Eng. Chem., 4, 670 (1912).



VANILLIN (GRAMS PER 100 ML.J

A D C

THEORY·
PER CENT

THEORY·
PER CENT

FOUND
8lIICOVlllBY

roUND
BECOVllBT

0.4545 1.4061 1.1173 79.46 1.0899 0.9478 86.96

0.4717 1.4194 1.1765 82.88 1.1028 1.0526 95.44
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method was considered impracticable. It did, however, prove that a quite
appreciable quantity of vanillin was carried down with the lead
precipitate.

These results seemed to indicate that the practical solution of the prob
lem depended upon precipitation in a much more dilute solution to pre
clude, as far as possible, precipitation of the vanillin. It appeared that
there could be no objection to precipitating the resins at the same time
and in the same flask in which the color is developed by the vanillin re
agent. Inasmuch as the sodium phosphate formed on the addition of the
sodium carbonate solution must be removed by filtration before a colori
metric comparison can be made, the precipitation of the resins in this
same solution eliminates one precipitation and filtration procedure.

The details of the proposed procedure are as follows:
Transfer to a 100 ml. volumetric flask a quantity of the sample that contains

8-12 mg. of vanillin, dilute to 100 ml. with water, and mix. Transfer 5 ml. of this
dilution to a 50 ml. volumetric flask, add 0.2 ml. of the lead solution (50 grams each
of basic and neutral lead acetate per liter), and mix well. Into another 50 ml. volu
metric flask pipet 5 ml. of standard vanillin solution (1 ml. =0.1 mg. of vanillin). To
each of these flasks add from a pipet 5 ml. of the reagent, allowing it to flow down the
neck of the flask in such a way as to wash down the vanillin solution that may be
on the sides of the flask. Mix the contents of the flasks by rotating and after 5 min
utes dilute the contents to 50 ml. with saturated NaCO. solution. Mix thoroughly by
inverting the flask several times and allow to stand at least 10 minutes so that the
precipitate that forms may separate completely. Filter the solutions through dry
filter papers and compare the blue color of the clear solutions in a colorimeter. Re
port results as grams of vanillin per 100 ml. of extract.

The special concentrated vanilla flavoring extract on which these origi
nal assays were made is prepared by the following steps, which gave an
excellent opportunity to check the'results under different conditions:

A.-Percolate, which is essentially a double-strength extract of vanilla.
B.-A, to which a known quantity of vanillin, dissolved in alcohol, is added.
C.-B, after the addition of sugar, adjustment of alcohol content, and dilution to

a definite volume.
Samples of each of these preparations were assayed by the official

colorimetric procedure and by each of the modifications previously men
tioned. The results are shown in the following table.

Official
Method

Filtration
Mod.

Precipitation
Mod. 0.8583 1.7969 1.7892 99.50 1.3928 1.4544t 104.7
* Calculated on basis of assay under"A," plus vanillin added.
t Colorimeter reading between standard and sample varied 7.5 points, and the readings should vary

not more than 5.0.
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In addition to the assays on the concentrated vanilla extract with added
vanillin, a number of lots of vanilla extract of official strength were
assayed by the official and modified procedures. The results follow:

No.1
No.2
No.3

OJ'll'lCIAL METHOD

0.1818
0.1843
0.1785

VA.NILLIN (GRAM. PER 100 IlL.)

I'IL'I'BATION MOD.

0.1923
PRECIPITATION MOD.

0.2985
0.3233
0.3189

While there is no official standard for the vanillin content of pure
vanilla extracts, it is generally accepted that a good extract should con
tain about 0.2 gram of vanillin per 100 mI., when determined by the
official assay method. If the proposed modification should be adopted, as
the experimental data presented seem to justify, it will be necessary to
revise current ideas on this point.

THE SHAFFER-SOMOGYI REAGENT FOR THE DETERMI
NATION OF SUGARS IN PLANT MATERIALS*

By T. A. PICKETT (Agricultural Experiment Station,
Experiment, Ga.)

During the past twenty years many sugar methods have been de
veloped, primarily for blood and urine analyses. In the field of plant
chemistry these methods have been tried with varying degrees of success.
In this laboratory the Shaffer-Somogyi method1 has been used on plant
materials over a period of four years, and it is considered satisfactory for
some types of work. The Shaffer-Somogyi reagent is more economical
than the Fehling solution used in the official methods of the A.O.A.C.,2
because it requires considerably fewer chemicals. The method is faster,
since one worker can run 120 determinations easily in one day. It can also
be used on materials very low in sugars and when material is at a premi
um, for example, on a leaf or the bark of a single plant, which would be
practically impossible to analyze with Fehling's solution because, accord
ing to Phillips,3 that reagent is not accurate for small quantities of glucose.

The Hagedorn-Jensen method,4 using potassium ferricyanide, has many
of these advantages. However, after a few trials in this laboratory it was
discarded since variable blanks were obtained in the presence of invertase
as reported previously by Schlenker.5 Munday and Seibert6 found that the
Hagedorn-Jensen reagent was very sensitive to amino acids and other

* Published with the approval of the Director a. Paper 69, Journal Series, Georgia Agricultural Ex-
periment Station.

1 J. Bioi. Ckem., 100,695 (1933).
S Methods of Analysis, A.O.A.C., 1935, 135.
S J. Bioi. Ckem., 95, 735 (1932).
• Biochem. Z., 135, 46 (1923).
• J. Bioi. Chem., 102,29 (1933).
• Ibid., 100, 277 (1933).
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substances besides reducing sugars. Phillips,3 Schlenker,5.7 and other
workers have shown that practically all the sugar reagents they studied
gave different results for reducing sugars in plant materials, probably
owing to varying reactions with non-fermentable reducing substances.

EXPERIMENTAL

Before comparing the Shaffer-Somogyi and the Quisumbing-Thomas
methods on plant materials, the writer ran a few experiments on the
Shaffer-Somogyi reagent. The reagent used was the "Copper Iodometric
Reagent 50'? with the following composition:

gram8 per liter
25
20
25
7.5
5

250

Briefly the method is as follows:
5 mI. of sugar solution is measured into a Pyrex test tube (25 X 200 mm.), 5 mI. of

the reagent is added, and the solutions are mixed. The tubes are covered with glass
or lead caps, placed in a boiling water bath for 15 minutes, and then cooled to about
30° C. 2 mI. of 2.5% each of KI and K.C.O., and 5 mI. of H 2SO. are added. The con
tents are well mixed, allowed to stand 5-10 minutes, and titrated with 0.005 N thio
sulfate, starch being used as indicator. The starch solution was prepared according
to Hanes.S

A copper-reduction-sugar curve was made on each batch of reagent. In
some cases the curves varied slightly with each solution, but each curve
remained constant for months.

Copper Reducing Power of Various Substances.-A few compounds that
might be present in plant material were treated with the Shaffer-So
mogyi reagent. When 5 mg. of each was used, the following materials
showed no reducing action: Acetamide, asparagin, calcium gluconate,
citric acid, fumaric acid, glutamic acid, levulinic acid, malic acid, man
nite, oxalic acid, raffinose, starch, sucrose, thymol, and toluene. Amyg
dalin and formaldehyde gave slight reducing actions. D-l:!-rabinose, as
corbic acid, catechol, cellobiose, fructose, d-galactose, glucose, lactose,
d-Iyxose, maltose, and I-xylose had various reducing powers. For example,
with 1 mg. of the following sugars, the milligrams of copper formed were
as follows: lactose 0.85, cellobiose, 1.00, d-arabinose, 1.45, d-galactose,
1.67, I-xylose, 2.38, and glucose 2.69. The copper reduction curves should
be determined on each sugar.

Effect of Plant Juices on pH of the Reagent.-The Shaffer-Somogyi re
agent has a pH of approximately 9.2, and as its constituents form a strong

, rind., 117.727 (1937).
• Biochem. J., 23. 99 (1929).
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buffer, the pH should theoretically be difficult to change. Shaffer and
Somogyil indicated that varying the bicarbonate-carbonate ratio (which
affected the pH of the solution) changed the quantities of reduced copper.
The effect of various plant juices on the pH of the reagent was found by
adding 5 ml. of juices to 5 ml. of reagent. The tubes were heated for 15
minutes in a boiling water bath, and cooled, and the pH values were
determined with a glass electrode. The reagent had a pH of 9.2, and with
5 ml. of the following juices the pH values were as follows: Grape 8.25,
cotton leaf 8.8, clarified cotton leaf 9.2, sweet potato 8.4, and clarified
sweet potato 9.15. Unclarified juices did have a pronounced effect on the
pH values, while those clarified with neutral lead acetate and deleaded
with sodium oxalate did not.

Temperature of Batk.-At the altitude of Experiment (950 feet), the
temperature of the boiling water bath varied between 98.0° and 99.0° C.
A series of determinations was run on pure sugars in which the boiling
point of the bath was raised with calcium chloride. Within practical limits
not enough difference in the quantities of reduced copper was found
to warrant a correction factor.

Temperature of Tubes.-A few trials were made to determine the rate
of heating of the solution in the tubes and the effect of position of the
tubes in the container, a wire basket. Pyrex test tubes containing 5 ml.
of reagent and 5 ml. of sugar solution, covered with a lead cap, were
placed in a boiling water bath. Temperatures of the solutions were
determined with a thermocouple. The results are shown in Figure 1.

These curves show that about 10 of the 15 minutes that the test tubes
were kept in the bath were needed for the contents to reach the maximum
temperatures. The tubes spaced closely together (about 1 cm. apart) took
slightly more time to reach 95° C. than did those tubes spaced farther
apart (2-3 cm.). The difference in the rate of heating was not enough to
make a perceptible difference in reduced copper.

Determination of Fructose in Presence of Glucose.-Fructose has always
been difficult to determine in the presence of glucose; however, it is known
that fructose is a more active sugar than glucose (reduces copper faster).
The tentative Jackson-Mathews modification of Nyns selective method,9
using a copper carbonate reagent, and Strepkov's methodlO with a potas
sium ferricyanide microchemical reagent, determine fructose in the pres
ence of glucose by using relatively long reaction periods and low bath
temperatures, at which temperatures fructose reacts much more vigor
ously than glucose. A few trials were made with the Shaffer-Somogyi
reagent. Some of the results are given in Table 1.

Neither fructose nor glucose had much copper reducing power at 50° C.
At 55° C. fructose showed some activity if the concentration was com-

• MeIhod8 of AnaI1l8i8. A.O.A.C., 1935, 483.
10 Z. anal. chem.• 111.57 (1937).
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paratively large or the reaction period was long, while glucose had very
little activity even for long periods of time except at high concentrations.
At 60° C. fructose was active at all concentrations and reaction periods,
while small quantities of glucose were relatively inactive. Glucose became
too reactive to warrant using higher temperatures unless modifications in
the method were made. From the figures given in Table 1 and other data,

FIG. 1. HEATING RATES OF SOLUTIONS

55°-60° C. is the optimum temperature for the bath. In materials in which
the concentration of glucose is many times larger than that of the fruc
tose, complications do occur. However by setting up copper reduction
curves for glucose and fructose at 60° C., preliminary data indicate that
at least an approximate estimate of the fructose content should be
obtained by this micro method.

Comparison of Shaffer-Somogyi and Quisumbing-Thomas Methods on
Plant Materials.-Twenty-four plant materials were extracted with 80
per cent alcohol, dealcoholized, taken up in water, cleared with neutral
lead acetate, deleaded with sodium oxalate, and made to volume. Three
plant saps were also cleared with lead, deleaded, and made to volume.
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The reducing and total sugars (sucrose being inverted by invertase) were
determined in duplicate by the Shaffer-Somogyi method and by the
Quisumbing-Thomas method, the volumetric permanganate modification2

TABLE I.-Effect of temperature on reactions of glucose and fructose

MO. 01' 1lIIDtrCIID COPPJUl A.T BATH TmlPJUU.TURlt 01'

IIINUTJIlB IN BATH

MCC.±.lC 60" C.± .1°

Glucose
0.5 mg. 30 0.00 0.00
0.5 mg. 60 0.00 0.00
0.5 mg. 180 0.00 0.00

1.0 mg. 30 0.00 0.02
1.0 mg. 60 0.00 0.13
1.0 mg. 180 0.14 0.54

2.0 mg. 30 0.00 0.02
2.0 mg. 60 0.00 0.52
2.0 mg. 180 0.57 1.63

Fructose
0.5 mg. 30 0.00 0.04
0.5 mg. 60 0.02 0.43
0.5 mg. 180 0.30 0.61

1.0 mg. 30 0.25 0.28
1.0 mg. 60 0.34 1.18
1.0 mg. 180 1.59 1.99

2.0 mg. 30 0.14 0.24
2.0 mg. 60 0.97 2.79
2.0 mg. 180 3.60 4.35

being used. In addition, non-fermentable reducing substances were deter
mined by yeast fermentation? with the Shaffer-Somogyi reagent. The
results are given in Table 2.

The reducing sugars determined by the Shaffer-Somogyi reagent were
uniformly higher than those found by the Quisumbing-Thomas method.
The average for the former was 1.46 gram per 100 grams of material,
compared to 1.24 grams for the latter. By subtracting the non-ferment
able reducing substances from the reducing sugars determined by the
Shaffer-Somogyi method, the fermentable sugars were calculated. These
values, average of 1.30 grams, compared closely with the reducing sugar
values, average of 1.24 grams, determined by the Quisumbing-Thomas
method, showing that the discrepancies were principally due to the
Shaffer-Somogyi reagent reacting with the non-fermentable substances,
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while the Quisumbing-Thomas reagent did not react. The average sucrose
values were 1.25 grams for the Shaffer-Somogyi method and 1.22 grams
for the Quisumbing-Thomas method. As a group the results from the
pasture plant samples showed a rather large discrepancy between the two

TABLE 2.-Grams sugar in terms of glucose per 100 grams of material

QUIBUlIBING-TBOIlAB METHOD BBAJ'I'BR-BOMOGn JllETBOD

MATERIAL ANALyZED
&EDUCING

8UGA.RB
BUCBOSB

REDUCING I'J!IRlDJNTABLlI

SUGARS SUGARS
BUCROSB

Tung leaves
Corn leaves
Cotton leaves
Grape leaves
Pecan leaves
Tobacco leaves
Bermuda grass
Carpet grass
Dallis grass
Blue grass
Bahia grass
Dutch clover
Lespedeza
Lima beans
String beans
Green pimientos
Red pimientos
Tomatoes
Squash
Corn
Sweet potatoe~

Watermelon
Peaches
Peanuts
Cotton leaves
Cotton stems
Sweet potatoes

Average

.. Per 100 mI. of sap.

1.94
0.74
0.72
1.54
1.06
0.79
0.06
0.05
0.05
0.06
0.09
0.03
0.12
0.00
2.19
1.50
4.99
1.40
1.55
1.23
1.09
5.00
3.60
0.00
0.67*
0.54*
2.55*

1.24

0.71
0.88
0.36
0.02
0.73
0.64
0.32
0.26
0.24
1.39
0.41
0.07
0.05
2.43
0.33
1.73
0.36
0.73
0.60
2.34
4.16
3.71
4.01
2.73

1.22

2.20
0.84
0.83
1.72
1.10
0.83
0.24
0.24
0.22
0.31
0.28
0.26
0.29
0.18
2.44
1.65
5.38
1.62
1.80
1.34
1.53
5.38
3.88
0.24
0.77*
0.61*
3.13*

1.46

1.98
0.74
0.69
1.44
0.90
0.69
0.24
0.24
0.22
0.31
0.10
0.26
0.29
0.09
2.37
1.55
5.15
1.44
1.64
1.10
1.20
5.00
3.56
0.05
0.65*
0.50*
2.73*

1.30

0.69
0.86
0.37
0.07
0.80
0.77
0.68
0.23
0.21
1.31
0.32
0.05
0.27
2.63
0.29
1.67
0.31
0.73
0.67
2.36
4.22
3.55
4.13
2.85

1.25

methods, probably because the sugar content of the aliquots analyzed was
too small for accurate determination with the Quisumbing-Thomas
method. If larger aliquots had been taken, presumably the results would
have been closer.

SUMMARY

The Shaffer-Somogyi method offers possibilities for determining sugars
in plant materials because it is economical, fast, and utilizable on matefial
having a low sugar content.
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The results from the analyses of 27 samples with the Shaffer-Somogyi
and Quisumbing-Thomas methods show fairly close agreement between
the fermentable sugar values as determined by the former method and
the reducing sugar values as determined by the latter method. The su
crose values obtained with the two methods show close agreement.

DETERMINATION OF SULFIDES IN DEPILATORIES·

By EDWARD M. HOSHALL (Cosmetic Division, U. S. Food
and Drug Administration, Washington, D. C.)

Most chemical depilatories on the American market contain sulfides.
The sulfides of barium, strontium, and sodium, and the hydrosulfide of
calcium are used most extensively in the trade. A few others are also
employed, as shown in Table 1.

T A.BLE I.-Components of chemical depilatories-sulfides

UBEDA8-

Ammonium sulfide
Arsenic sulfide
Barium polysulfide
Barium sulfide
Calcium saccharo-sulfide
Calcium sulfide
Calcium sulfhydrate
Lithium sulfide
Potassium sulfide
Sodium hydrosulfide
Sodium polysulfide
Sodium sulfide
Strontium hydrosulfide
Strontium sulfide
Zinc sulfide

* Limited use.

LIQUID

x*

x
x

x
x
x*
x*
x
x

POWDl!1R

x*
x
x

x
x

PASTH

x*
x
x
x
x
x
x
x*

x
x
x

The alkali sulfides are usually found in liquid depilatories in concentra
tions of 2 per cent to 10 per cent, calculated as the anhydrous salts. The
sodium salt is generally used because the ammonium salt has too strong
an odor and the potassium salt is too caustic. Lithium sulfide has been
introduced recently as the active component of a liquid depilatory.

The less caustic sulfides of barium and strontium, in concentrations
varying from 20 per cent to 35 per cent, calculated as the pure sulfide,
are used in powder depilatories more frequently than is the calcium
salt, because of its low solubility. A zinc sulfide-lime combination has

* Abstracted from a report to the Cosmetic Division, Food and Drug Administration,t. "Depilatories.
Their Composition and .Ans.lysis," December 18, 1939, page. 1-72.
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also been used. Powder depilatories, kept in well-stoppered containers,
are usually more stable than other types.

From the standpoint of distribution and sales the pastes constitute the
largest class, and it is conservatively estimated that over 75 per cent of
chemical depilatories are sold in this form. Barium and strontium sulfides
are generally found in pastes, and a limited use is made of calcium hydro
sulfide and calcium saccharo-sulfide. The active ingredients in pastes vary
from 5 per cent to 20 per cent, calculated as the pure sulfide.

EXPERIMENTAL

barium
iron (BaS impurity)
manganese (BaS impurity)

sulfite
sulfate
thiosulfate

Since most of the sulfides used in the depilatories are technical grades, or
only partially purified, many impurities and reaction by-products are
present.

An even greater source of analytical difficulty is the instability of de
pilatories in this group. Owing to hydrolysis, oxidation by air, and reac
tion with other components of the preparation, many products are formed
of which few, if any, possess keratolytic activity. An example, illustrative
of sulfide instability, is a barium sulfide depilatory paste made from a
good grade of barium sulfide, starch, talc, glycerin, water, and perfume.
Two weeks after preparation, qualitative analysis showed that the fol
lowing ions were present:

carbonate sulfide
hydroxyl hydrosulfide

free sulfur

Even the purest sodium sulfide obtainable is unstable in a solution of
freshly distilled water, the percentage of sodium sulfide decreasing gradu
ally.

As materials for reference standards the following chemicals were ob
tained from commercial sources:

Sodium 8ulfide: An unopened bottle of "Sodium Sulfide, Purified Crystals." Al
though the crystals were well formed, moisture was present on the bottle walls and
a small amount of a gray-green slime, later found to consist of iron impurities, was
present within the crystal. Recrystallization failed to increase the percentage of so
dium sulfide.

Barium 8ulfide: The best of three commercial grades was selected, "Barium Sul
fide.... Yellow Powder ... about 85%." The product was lumpy and reqUired
grinding before sampling. Difficulty was experienced in obtaining homogeneous
samples without excessive grinding, which caused a loss of H.S.

Strontium 8ulfide: The most homogeneous of three lots was selected. All lots
available were of technical grade.

Calcium 8ulfide: A product labeled "Calcium Sulphide U.S.P." It appeared to
be homogeneous and of good quality and met the requirements of the U.S.P. IX.

Zinc 8ulfide: A partially"purified technical product contained large quantities of
sulfite. Therefore freshly precipitated zinc sulfide from known amounts of reagent
zinc was used as reference.

Lithium 8ulfide: None of this salt was available from commercial sources and at
tempts to prepare it in the laboratory yielded products of indefinite composition.
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Several methods (Nos. 1-13), which appeared applicable to soluble and
slightly soluble sulfides, were investigated. The results obtained byanaly
sis of the selected reference sulfides are given in Table 2.

TABLE 2.-Percentage of anhydrous sulfides by various methods

'MlIlTBOD Na.S BaS SrS CaS COJODl!NTS

I-Iodine Titration (1) 33.5 89.6 60.2 66.1 Values high, 80. and
33.4 88.4 60.0 8.0. included
33.5

2-Zinc Titration (2) 30.3 72.0 51.8 Too Applicable to water-
31.2 74.5 54.0 Insol. soluble sulfides only
28.6
29.2

3-Evolution Method (3) 32.1 79.6 51.6 69.0
(Absorb in alkaline 28.6 73.1 48.7 68.1
cadmium salts) 30.8 82.8 46.2 62.6

4--(Absorb in neutral 24.5 62.0 Evolution methods
cadmium salts) (3) 21.5 not recommended ow-

ing to presence of
5--(Absorb in ammon. 29.4 70.1 CO., 80" and de-

zinc chloride) (3) 29.2 compo of sulfides to
compounds other than

6--(Absorb in sodium 28.1 H.S in hot acid solu-
arsenate) (3) 27.8 tion

28.5
28.8

7-8ilver Titration* 31.2 85.0 58.9 Application too lim-
31.2 84.9 ited

8--A.O.A.C. zinc chloride 31.2 30. 94}for freshly pre-
sulfide-sulfur method (4) 31.0 Not applicable 31.09 pare~ Na,8

31.1 solutIOn
31.1

9-Copper-thio Titration (5) 30.It 47.6 35.4 50.6
30.8t 76.8
29.0t
28.0t

IG--Arsenic Titration (6) 30.1 59.3 47.5 63.6 Zn8=97.8 &; 98.1
(First modification) 29.6 70,6 49.5 63.9

29.6 73.3 52.7 63.6
73.5 52.1 63.7

ll-Weil's Method (7) 28.4 Too cumbersome and
(Evolution) 29.0 tedious

12-Arsenic Gravimetric (8) 30.2 Not applicable
(Weigh as As,S.) 30.4

13-Arsenic Titration (8) 30.6 75.0 63.5 Method satisfactory;
(As.S. sep'd &; det'd) 63.7 but somewhat lengthy

a1iqu:t~~'TNokcg6g·~~~~~~r.·~~",;~~~rn~~~r~bie"::~~~:~~a1~~':.;,,~~:1J~~~~
other interfering ion.~.

t Average of 4 determination. on each aliquot of different aiea.
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Many of these methods were eliminated as being too tedious and cum
bersome for routine analysis; some were limited in scope because of the
slight solubility of the alkaline-earth sulfides, while others yielded variable
and non-reproducible results.

Method 10 was selected as the most promising, and with it as a basis
the following modified method was developed:

1------D

-"<-------'0

METHOD 14

REAGENTS

(a) Arsenious acid solution.--Q.1 N.
(b) Standard Iodine solution.--Q.1 N,

standardized against (a).

DETERMINATION

Pipet exactly 50 ml. of 0.1 N As.O. solu
tion into a 250 ml. g.s. volumetric flask.
Weigh a sample of the depilatory containing
less than 0.12 gram of sulfide calculated as
H.S and transfer to the flask (Note 1). Add
20 mI. of cooled H.SO. (1+1) (Note 2),
stopper, and shake vigorously until all re
actions have subsided and the sample is de
composed. Cool to room temperature, dilute
to volume with distilled water, and filter
through a dry filter into a dry flask, rejecting
the first 20 ml. of filtrate. Withdraw exactly
100 ml. of the clear filtrate, and add 5 ml. of
starch solution and sufficient 0.1 N iodine
solution to produce a blue tint. Make alkaline
with solid NaHCO., adding 1-2 grams in
excess. Titrate with 0.1 N iodine solution.
Calculate net ml. of 0.1 N As.O. used.

FACTORS

1 ml. 0.1 N As.O. = 1 ml. 0.1 N Iodine
0.002556 gram H.S
0.005854 " Na.S
0.01802 " Na.S+9 H.O
o.003446 " Li.S
0.005411 " CaS
0.01261 " BaS
o.008977 " SrS

FIG. I.-ApPARATUS USED WITH
METHOD 14, FOR THE DETERMINATION
OF SULFIDES IN THE PRESENCE OF
CARBONATES

NOTE I.-The presence of small quanti
ties of carbonates does not affect the results
obtained by this method. If, however, appre
ciable quantities are present, the CO. liber
ated on acidification will force the stopper

from the flask and cause loss of H.S. The arrangement in Figure 1 will prove effec
tive for use in the presence of carbonates. Add the sample (A) (Fig. 1) to the excess
of 0.1 N As.O. (B) in the 250 ml. flask (C). Place a 60 ml. separatory funnel (D) in
the neck of the flask with the tip of the stem just above the surface of the liquid (B).
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Place 20 ml. of cooled H 2SO. (1 +1) and exactly 10 ml. of 0.1 N As20. in the sepa
rator, open the stopcock slightly, and allow the acid to flow into the solution. The
liberated CO2 and traces of H 2S will bubble up through the column of acid, and by
gentle shaking the CO2 can be removed. When the reaction has subsided wash the
contents of the separator into the flask, make to volume with distilled water, and
proceed as directed in the method, beginnning "filter through a dry filter."

NOTE 2.-Substitute 15 ml. of HCl if carbonization occurs or if the sulfide dis
solves with difficulty.

With sodium sulfide as a reference, the effect of several factors in the
above method was studied. The results are shown in Table 3.

TABLE 3.-Effect of various factors in the determination of sulfide by the
proposed method

Sample Size
llaoS+9H.O TAD" VOLlJIO Na.S POUND

fIT..... ",I. po.- cenl

0.2 250 30.8
0.4 250 30.8
0.6 250 30.78 (Av. 5)
0.8 250 30.65 (Av. 4)
2.0 250 30.7

Volume of Solution
0.4 100 30.5 30.7
0.4 250 30.7 30.8
0.4 500 30.7 30.7

Acidification
HCl H.SO.

o.~ 250 30.7 30.8
0.6 250 30.7 30.8
1.0 250 30.6 30.5

Bicarbonate Excess
0.6 250 0.5g excess 30.75 (Av. 5)
0.6 250 5.0 g excess 30.7 (Av.2)

Applied to the reference sulfides, previously discussed, the method
yielded the results shown in Table 4.

TABLE 4.-Percentage of anhydrous sulfide by Method 14

BEnB.miCII 8ULnJ)_ DETElUONATION8
AVBRAGlI

PIIR CI01ft

2 3 4 5 •Sodium sulfide
+9H2O 30.8 30.8 30.5 30.8 30.8 30.7 30.7

Barium sulfide 75.1 74.9 75.5 73.5* 73.3* 75.4 75.2
Strontium sulfide 51.9 51.8 52.7 52.1 52.2 51.6 52.1
Calcium sulfide 63.6 63.7 63.5 64.0 64.0 63.9 63.8
Zinc sulfide 97.8 98.1 98.0

• Undissolved particles present.

The average of the results obtained for sodium sulfide in Table 4 are in
reasonable agreement with the values obtained by Methods 2, 3, 8, 9,
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and 10 given in Table 2. There is marked variation in the sulfide content
of the reference sulfides when assayed by various methods (Tables 2
and 4).

An attempt was made to determine the actual sulfide-sulfur content in
barium sulfide by determining the total sulfur and correcting for free
sulfur, sulfite sulfur, thiosulfate sulfur, and sulfate. The complexity of
the product precluded satisfactory results.

APPLICATION

One liquid, two powders, and a paste depilatory were prepared accord
ing to somewhat modified commercial formulas, from the reference sul
fides previously described. Analysis of these preparations by Method 14
produced the results given in Table 5.

TABLE 5.-Application of Method 14 to depilatories of known sulfide content

TAKEN FOUND

PRODUCT ANHYDROUS ANHYDROUS RECOVERY COHKENTS

BULlI'IDEl SULFIDE

gram gram per cent

Liquid No.1 0.1724 0.1640 95.1 Preparation 6 hours old
(Na-JS) 0.1724 0.1660 96.3

0.1721 0.1569 91.2 Preparation 48 hours old
0.1721 0.1599 92.9

0.1742 0.1547 88.8 Preparation 144 hours old
0.1742 0.1545 88.7

Powder No.1 0.4512 0.4627 102.5
(BaS) 0.4512 0.4608 102.1

0.4374 0.4380 100.1
0.4374 0.4284 97.9

0.4512 0.4597 102.5
0.4512 0.4585 102.3

Powder No.3 0.2233 0.2207 98.8
(CaS) 0.2233 0.2211 99.0

0.3350 0.3320 99.1
0.3350 0.3317 99.0

Paste No.1 0.2600 0.2582 99.3 Preparation 6 hours old
(SrS) 0.2600 0.2594 99.8

0.2600 0.2515 96.7 Preparation 3 days old
0.2600 0.2511 96.6

The low recoveries shown in Table 5 for Liquid No.1 raise the question
of the stability of Na2S in solution. Table 6 shows the results of experi-
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ments conducted to determine what effect aging has on the sulfide content
of a solution containing Na2S and water only.

TABLE 6.-Effect of aging on the sulfide content in a water solution of Na2S (8 grams
Na.S+9H.O per 100 ml.)

NS:lSTAKEN Na2S FOUND AGllI 011' SOLUTION RECOVERY

gram gram kOlin per cent

0.1866 0.1848 (solid Na.S) 99.0
0.1866 0.1858 (solid Na.S) 99.6

0.2488 0.2383 0.5 95.8
0.2488 0.2383 0.5 95.8

0.1866 0.1780 1 95.4
0.2488 0.2372 1 95.3

0.1866 0.1761 24 94.4

0.2488 0.2347 48 94.3

DISCUSSION

Liquid N o. I.-Table 6 indicates that the low recoveries shown in
Table 5 resulted from decomposition of the sulfide rather than from errors
in the analytical method. This conclusion is strengthened by the further
lowering in the sulfide content, found after 48 and 144 hour periods
(Table 5).

Powder N o. I.-The recoveries are somewhat high. Blank determina
tions on each component of the powder failed to account for these high
results. Sampling difficulties, lack of homogeneity of the product, and the
necessity for careful grinding of the barium sulfide have been previously
discussed. These factors may be responsible.

Powder No. 3.-Satisfactory yields were obtained for calcium sulfide in
the presence of 50 per cent of calcium carbonate.

Paste No. I.-The method gave satisfactory results when applied to a
paste containing about 5 per cent of strontium sulfide and 9 inactive
depilatory components. The instability of the preparation is evident.

If, owing to interfering substances not encountered during this investi
gation, the method is found inapplicable, Method 13 may apply.

SUMMARY

A modification of Mohr's arsenious acid method for the determination
of hydrogen sulfide is tentatively proposed for the determination of the
sulfides or hydrosulfides of sodium, barium, strontium, calcium, potas
sium, ammonium, and lithium in liquid, powder and paste depilatories.
A supplementary method is described, which is applicable in the presence
of carbonates.
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BOOK REVIEW

The Merck Index. Fifth edition. Merck & Co., Rahway, N. J. 1940. 1060 pp. Price
$3.00.

This book is described as an encyclopedia for the chemist, pharmacist, physician,
dentist, and veterinarian. It contains useful scientific data and other information on
the physical, chemical, and medicinal properties, as well as the various uses of chem
icals and drugs; more than 4,500 chemical, clinico-chemical reactions, tests, and re
agents; formulas for preparations of culture media, fixatives, and staining solutions;
useful tables; antidotes for poisons; literature references; and descriptions of more
than 5900 individual substances. It also includes descriptions for 113 colors, 126
indicators, and 187 minerals.

The format remains the same as in previous editions, but the new matter has in
creased the size from 585 pages in the fourth edition to 1060 in this.

Users of the earlier editions will notice one marked difference in the arrangement
of the new edition. In the previous editions, for example, the acids were grouped to
gether alphabetically: acid, abietic; acid, acetic; acid, acetylsalicyclic, and so on to
acid, wolframic. In this edition the acids are arranged individually and alphabeti
cally: acetic acid, phosphoric acid, valeric acid, etc. On the other hand, the subject
"oils" is treated as in former editions, "oil of allspice, oil of almond, etc." This will
probably be slightly confusing to the older chemists.

Ten years ago, after an interval of 23 years, the fourth edition of the index ap
peared. During the last decade many new drugs have been synthesized (larocaine,
merthiolate, sulfapyridine, etc.); new uses have been discovered for old drugs (such
as nicotinic acid and sulfanilamide); and refinements in technic have been developed
for the dispensing and administration of drugs. The new edition of the index includes
these advances. Much of the new material is of particular interest to analytical
chemists.

In the description of a salt, for example, in addition to its appearance, solubili
ties, stability, and uses, the formula, molecular weight, percentage of metal (or
metallic oxide), acid radical, water of hydration, anhydrous salt if pertinent, and oc
casionally other essential factors, are given. As illustrations, the factors for am
monium sulfate and quinine sulfate are quoted in part: (NH.hSO., mol. wt. 132.14;
NH., 25.78%; H 2SO., 74.22%; SO., 60.59%; N, 21.2%; (CoDH ••0 2N.h· H 2SO.·
2H20, mol. wt., 782.51; anhyd. salt, 95.4%; H 20, 4.6%; anhydrous quinine, 82.86%,
H 2SO., 12.53%.

It is also indicated whether a substance is used as a medicine, chemical reagent, in
dicator, or in technology. The less commonly used synonyms are given and cross
indexed to the better known names.

Considering the vast amount of encyclopedic information contained in this book
and the typographical difficulties in publishing information of this character, the
number of errors is surprisingly small. The publishers supply a list of about 30 and
the reviewers have noted a few more.

Workers in every phase of agricultural chemistry will find useful information in
this book. To the analytical chemist the book is well nigh indispensable.-L. E.
WARREN.
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