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%I S e e ing the economic qualities of the lubricants he re ce iv e s^
in using them too much is left to “ rule of thumb 
methods w ith little knowledge of the actual conditions 
of friction, the action of metallic surfaces under the 
dynam ic stress of the transference of power, or such 
modified action as is produced b y  the intervention 
of a  lubricating film. For example, the different 
effects on a journal of a soft and hard bearing m ay be 
sufficient to cause a considerable loss of power, if 
im properly selected, and yet escape attention. In 
the earlier tentative study of the conditions depended 
on for the results described in this paper, under such 
loads as 100, or 150 lbs. per sq. in. of bearing surface, 
the grades of babbitt in ordinary use were found 
much too soft and yielding to sustain such work under 
the necessary conditions of speed and oil feed; only 
a very  hard alloy of exceptional composition could 
be used; the one selected of approxim ately the com
position tin 90, copper 2, antim ony 8 gave results 
entirely satisfactory. Then since it  was desired to 
maintain such conditions of load and speed that any 
oil could be broken down at any moment, it  was 
found to be necessary, not only that the journal and 
bearing be milled to m echanically true surfaces, but 
that b y  continued operation and repeated careful 
milling even a higher degree of permanent evenness 
be maintained. I f such be the essential conditions in 
precise quantitative observations, similar precautions 
are evidently necessary in factory operations.

In the earlier days of machinery lubrication before 
the introduction into the trade of products from 
petroleum, the m anufacturer had little concern about 
viscosity and other physical constants of lubricants, 
for dealing w ith simple oils or greases of definite com
position, he could be sure of obtaining w hat he desired 
within the capacity of the materials at his disposal.
Then, in the days of higher prices of manufactured 
products and less severe competition im perfect lubri
cation was of less consequence than in more recent 
times when every detail of cost and loss should prop
erly receive careful attention; and, furthermore, 
the principles of friction and the importance of its 
control were in the earlier days of lubrication only 
im perfectly understood. Modern high speeds and 
excessively heavy loads had not then to be provided 
for in the applications of power in m anufacturing 
operations, in transmission, or transportation.

The discovery that the heavy hydrocarbons in 
petroleum possessed the qualities requisite in lubri
cants— viscosity, durability, stability under varying 
conditions of speed and load— was the beginning of
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N ext to the conservation of the world’s fuel supply 
there is probably no subject of greater importance 
in the m anufacturing world than the control of waste 
power caused b y  imperfect lubrication and needless 
friction. N otwithstanding the increasing interest 
in more economical methods the immense losses from 
this source are scarcely appreciated. In his recent 
work on lubrication and lubricants A rchbutt stated 
th at of the 10,000,000 h. p. in use in the United K in g
dom of Great Britain considerably more than half 
this amount, 40 to 80 per cent, of the fuel, is spent in 
overcoming friction, and that a considerable proportion 
of this power is wasted b y  im perfect or fau lty  lubrica
tion. On account of the great abundance of cheap 
fuel in the United States, doubtless the conditions 
here are even less desirable. I t  is safe to state that 
losses from this source in this country are from 10 to 
50 per cent, of the power employed. N ot in fre
quently in factories where the annual expense for 
lubrication amounts to thousands of dollars, lubrication 
experts find a loss of 50 per cent, or greater.

The m anufacturer often knows very  little concern-
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a new era in lubrication. Methods of treatm ent and 
refining, with little or no knowledge of the hydro
carbons of which the lubricating oils were composed 
developed entirely along empirical lines, were slow 
in producing suitable products. The earlier methods 
have undergone no fundam ental changes even to the 
present time, except in the introduction of heavier 
hydrocarbons from crude oil territory more recently 
developed. Crude oils of the Pennsylvania type 
containing a considerable proportion of the hydro
carbons C„N 2n + 3 have alw ays yielded excellent light 
spindle oils composed for the most part of the hydro
carbons CnH 2tl and CnH 2n_ 2. B ut as we now know 
this type of oils include too small a  proportion of the 
heavier hydrocarbons for the body necessary in 
lubricators subjected to the great stress of heavy 
loads, and cylinder friction. This need in heavy 
lubrication led to the practice of compounding oils, 
or mixing with the petroleum products various pro
portions of the vegetable oils, such as castor or rape, 
and the various animal oils or greases, which so fully 
monopolized this field, that manufacturers were often 
led to believe that no other products could serve 
an equivalent purpose. E ven since the more recent 
introduction of heavy lubricators from T exas and 
California petroleum the belief still prevails that only 
compounded oils can be relied on for heavy work. 
B u t w ith care in distillation and treatment, it  is certain 
that heavy lubricators well adapted for bearings 
and cylinders m ay be prepared from those crude oils, 
and large quantities of such lubricants are now 
widely in use.

A ll experimenters with lubricating oils who have 
given thoughtful attention to the essential needs of 
lubrication have been impressed b y  the «superiority 
of an ideal solid lubricant, one that should em body 
an equivalent of the desirable qualities of the liquid 
products with a greatly superior wearing quality, 
a low coefficient of friction, and readily convertible 
into a form that can conveniently be applied to the 
various forms of journals and bearings. Soapstone, 
asbestos, natural graphite, etc., do not, altogether, 
possess these fundam ental qualities of the liquid 
products. Greases compounded with graphite are 
useful on low-speed bearings and under heavy work. 
N atural graphite serves an excellent purpose 011 cast- 
iron bearings, acting as a surface evener of the porous 
metal. On finer surfaces care is necessary that it 
does not collect in such quantities as to seriously 
scratch or abrade the journal and bearing. Of all 
the solid bodies available for lubrication, graphite 
possesses the desirable unctuous quality and great 
durability. For general use in lubrication graphite 
must be in its purest condition and in a state of ex
treme subdivision. W hether in such a condition as 
the deflocculated form, the ultim ate molecules or 
atoms have a certain freedom of movement, analogous

to that of liquid molecules under stress of friction, 
or whatever explanation m ay be suggested of its 
unctuous quality the fact remains that it  possesses 
this quality in very high degree.

Such graphite is now produced b y  processes dis
covered, perfected, and placed on a m anufacturing 
basis b y  Dr. Edward G. Acheson, of N iagara Falls, 
as a part of his great work in the developm ent of 
electrochemical processes. Besides his immense out
put of pure graphite for general commercial use, 
Dr. Acheson has succeeded in converting it into a 
new form, a deflocculated condition, that meets the 
requirements of an ideal solid lubricant. This de
flocculated form greatly surpasses ordinary graphite 
in unctuous quality, and its adaptability for prolonged 
suspension in water and oils render it  especially ap
plicable to frictional conditions. Furthermore, the 
readiness with which it forms coherent films on jour
nals, its great wearing qualities and the ease of the 
application, constitute it a lubricant of extrem ely 
high efficiency.

Acheson graphite can be produced from any sub
stance that contains carbon in a non-volatile form. 
Under the extreme temperature of the electric furnace 
any and all other elements are readily volatilized. E ven 
carbon itself is freely vaporized and its peculiar ap
pearance in the burning carbon-monoxide is depended 
on as an indicator of suitable conditions in furnace 
operation, much as the drop in the manganese flame 
which shows the disappearance of carbon in the Besse
mer converter. A s commercial products, two forms 
of graphite are produced, the unctuous and 
the deflocculated modifications, the first form 
accom panying the production of carborundum in 
furnaces charged with carbon and sand, the second 
obtained from a charge of coal or coke alone. The 
first form is leafy in structure, coherent, and ex
tremely unctuous or greasy in its feel; it is segregated 
and not readily disintegrated. The second form 
is also unctuous, in a high degree, but very pulverulent 
and capable of extreme subdivision; it is readily 
converted into a deflocculated condition, and this form 
in water forms the commercial “ A quedag,” or aqueous 
Acheson deflocculated graphite. In combination with 
oils it is known as “ O ildag.”

This deflocculated condition of graphite has peculiar 
properties; it remains suspended indefinitely in water, 
but is quickly precipitated by impurities. On account 
of its extrem e subdivision, a very small amount sus
pended in w ater serves for efficient lubrication. From 
numerous and long-continued trials it appears that 
0.35 per cent, .serves an adequate purpose and that 
a  larger proportion is superfluous. I t  is certainly 
remarkable that such a small quantity of graphite 
is readily distributed b y  w ater between a journal 
and bearing while sustaining a load of 70 lbs. per sq. 
in. of bearing surface, and that under high-speed con
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ditions it maintains an extrem ely low coefficient of 
friction.

Proper lubrication of bearing surfaces involves 
careful consideration of the metals composing the 
journal and bearing, since the influence of the metals 
employed has an effect even in the intervention of 
the best lubricating film. The materials in common 
use for the construction of bearings include cast-iron, 
steel, and alloys of variable composition included 
under the general terms bronze and babbitt. In 
high-speed work cast-iron bearings must be used 
with extreme care. In  the accurate adjustm ent 
necessary in machine testing of lubricators, we have 
found it impossible to prevent injury to the journal 
when using a cast-iron bearing. Results obtained by 
the use of bronze have not been altogether satisfactory. 
Properly selected babbitt, however, on a steel journal 
seems to fulfil the desired conditions most satisfac
torily and it possesses a wide range of applicability. 
As mentioned above, satisfactory lubrication is possible 
only when the journal and bearing are properly 
milled to true surfaces, kept smooth, accidental 
scratches worked out, and bare spots avoided. Suc
cessful lubrication demands constant skilled attention 
to the condition of journals and bearings, and no 
factory supervision affords more desirable returns. 
Lubrication consists in reducing friction to the lowest 
increment of the power in use. A  lubricant is an unctu
ous body that readily forms a continuous, coherent, 
durable film capable of holding apart rolling or sliding 
surfaces, and itself interposing the least possible re
sistance by its own internal friction. The economic 
problem in lubrication depends on the use of such a 
lubricant under suitable conditions.

The lubricators in commercial use include water, 
oils, greases and solids. Under oils is classified the 
great variety  of light spindle, heavy engine and 
cylinder products, either unmixed hydrocarbons 
from petroleum or compounded oils— m ixture of 
the petroleum hydrocarbons with some one of the vege
table oils, or with animal oils— tallow, wool grease, 
etc. The greases m ay be generally classified under 
a few heads depending on their consistency which 
is derived from the proportion of lime or soda soaps 
or oleates mixed with a hydrocarbon oil as a carrier. 
The solid greases have already been referred to. 
W ater in itself possesses no oiliness whatever, but 
under certain conditions in cylinders it is found to 
assist in im parting to the metallic surfaces an ex
tremely smooth condition which serves to m aterially 
reduce the friction. A  practical knowledge of hydro
carbon lubricants should include a knowledge of the 
source; that is, the crude oil from which the lubricant 
is prepared, since there is a wide difference in composi
tion and properties of the hydrocarbon oils from 
difterent oil fields. Methods of refining petroleum 
oils have very much to do with the quality of the

products. In general terms inferior products are 
obtained when the process of distillation is conducted 
in such a w ay as to produce decomposition; the best 
products are obtained only b y  careful distillation 
and careful treatm ent in refining, whereby the hydro
carbons in the refined products obtained have essen
tially the same composition that they had in the 
original crude oil. An exam ination of various lubri
cating oils in the trade frequently reveals a condition 
of the oils indicating improper refining. For example, 
it does not need the application of extrem ely delicate 
tests to show the presence of free alkali, of sodium 
sulphate or of sodium salts of organic acids, any one 
or all of which m ay be injurious to metallic surfaces. 
One of the most exacting duties of the refiner is the 
treatm ent with caustic soda in such a manner as to 
remove all acid products and at the same time to 
avoid such an excess of caustic as will form an emul
sion, which is one of the “ terrors”  in the refinery. 
A n  exam ination of a great variety of oils in the trade 
such for instance as the spindle oils in use in auto
mobile service indicates that the best refined oils 
are those that contain a minute trace of alkali.

The ordinary methods of testing lubricating oils 
include determinations of viscosity, specific gravity, 
the flash and fire temperatures; another im portant 
property of these oils which is termed oiliness or 
greasiness is not so readily determined by analysis; 
in fact there seems to be no accurate method for its 
determination, yet it  is readily distinguishable and 
has much to do with the efficiency of all lubricating 
oils. Concerning the most efficient methods of testing 
lubricating oils, various opinions are expressed by 
different authors. Redwood in his work on petroleum 
and its products asserted that the viscosity of an oil 
is the best guide to its lubricating value since it enables 
the consumer to select oils similar to those that have 
afforded him the best practical results. He alludes 
to the close relationship between viscosity and the 
laws of friction of liquids. In comparing the use of 
viscosity with observations on the behavior of lubri
cants on a  frictional testing machine he states that 
he was unable to obtain satisfactory results with 
an y machine a t his disposal; his conclusions in general 
were that in the present state of our knowledge the 
indications afforded by testing machines are wholly 
misleading, and this led him to attach special impor
tance to a good system  of testing viscosity. He 
refers to the opinion of Thurston that any oil should 
be tested on a  machine under the conditions of load 
and speed similar to those of the use for which the oil 
is intended. Referring to the work of Ordway and 
W oodbury in 1884 with an apparatus constructed to 
apply pressures of 40 lbs. per sq. in., and to those of 
Tower carried on under w hat he terms great pres
sures, 100 to 600 lbs. per sq. in. in an oil bath system 
of lubrication, and opinions of others on these results,
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Redwood presents the view  that the agreement be
tween machines and actual practice is extrem ely 
slight and his final conclusion is that viscosity affords 
the most valuable tests of lubricating qualities'at our 
disposal. Inasmuch as Redwood’s opinion on machine 
testing is a result of his observations during several 
months on the Ingram and Stafer machine in which 
the speed is 1500 r. p. m., and that the friction is 
gaged by the number of revolutions necessary to carry 
the temperature to 300° F., it  is not difficult to un
derstand his conviction that in his experience testing 
machines do not afford results comparable with 
those of actual practice.

The value of viscosity as a distinguishing property 
of lubricating oils is recognized by all who have given 
attention to the subject, but all are not agreed as to 
the extent of its practical reliability. Archbutt 
suggests that the quality of oiliness or greasiness is 
nearly of as much importance as viscosity. Although 
as mentioned above there is no precise method whereby 
oiliness can be determined, it is not difficult to recog
nize it nor to distinguish the marked differences in this 
respect shown by different oils and greases. A rch
butt calls attention to the fact that at very low speeds 
the friction of a cylindrical journal should be pro
portional to the viscosity of the oil, but at higher 
speeds and consequently increased temperatures the 
relation of friction to speed ceases, and the viscosity 
is diminished with a corresponding change in the 
carrying power of the journal. While fu lly appreciating 
the value of the information to be obtained b y  chemi
cal analysis, A rchbutt insists that the oiliness of a 
lubricant is of especial importance under heavy loads 
and high speeds. He suggests that it is advantageous 
for an engineer to test oils for himself on a machine 
w ithout depending altogether on analytical data or 
physical tests obtained from the expert.

Hurst also mentions that a broader knowledge of 
the practical working of oils is necessary than can be 
obtained from chemical or physical tests alone. He 
maintains that the test of an oil from a journal under 
the practical conditions of its use shows conclusively 
its adaptability to such use.

The principal points to be observed in mechanical 
tests are the effects of speed, load, temperature, and 
the frictional effects due to viscosity and oiliness; 
the measurements on which depend the quality of 
the oil include the frictional resistance, the tempera
tures, and the endurance of the oil film. Doubtless the 
numerous machines that have been constructed for 
testing oils have certain merits and advantages. 
In the wide range of work carried 011 in this field 
during the past year, a part of the results of which 
are presented in this paper, the machine devised by 
Professor Carpenter has been used. In its sensitive 
adjustm ent, durable efficiency, and the wide range of 
possible tests, this machine in continuous use during

this period 011 light and heavy oils, greases and graphite 
has fulfilled all requirements. Since the results to 
be presented are closely dependent upon the method 
employed, a view of this machine is here introduced.

C arp e n te r  m ach ine.

This machine has an accurate adjustm ent for recording 
the speed, and a long lever arm with a vernier attach 
ment graduated to tenths of a pound for recording 
the friction. The load is applied by a powerful spring 
worked by a cam and lever and the lim it of the machine 
is 6000 lbs., total load; careful calibration of the spring 
showed it to be properly adjusted.

In projected area the bearing in use is approxim ately 
8 sq. in .; the journal is about 3 in. in circumference 
nearly equal to 1 foot in linear extension. A  cast-iron 
frame babbitted and milled down to a true surface 
was used for the most part in this work. Even after 
careful milling some continued frictional work was 
necessary 011 the babbitt surface to bring it to the 
proper conditions of constant results. The hard 
form of babbitt mentioned above gave satisfactory 
results, and there was little difficulty in keeping the 
surfaces in suitable condition after they were once 
obtained. For measuring temperatures a thermom
eter was inserted in a hole in the bearing which 
extended close to the journal. Tests made at steam 
temperature, 210° Fahr., were carried 011 with the 
aid of a hollow cast-iron babbitted bearing, with 
steam attachm ents by which it was found that the 
desired temperature could readily be maintained.. 
The lubricant is run in from a sight-feed cup through 
a small hole close to one side of the bearing with care
ful regulation of the flow for proper adjustm ent of the 
oil feed. For delivery of the lubricant over the entire 
face of the bearing two channels or grooves are run 
diagonally across the babbitt face from the inlet hole 
which gives equal and even distribution; these chan
nels must be carefully gauged for an even flow, 
otherwise dry spots or streaks appear on the journal 
accompanied by a sudden greatly increased friction
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indicated on the friction bar. This detail of operation 
requires careful and constant attention, for on it 
depends the continuous regularity of the friction 
curve. In  this respect this method of observation 
is extrem ely sensitive, and is one of the im portant 
elements in frictional tests. Partial exposure of the 
journal enables the operator to observe the formation

this machine m ay be readily ascertained on any other 
equally efficient machine. In duplicate tests made 
with the same bearing and under the same conditions, 
the results were closely concordant. A t the outset 
it should be clearly understood that these tests m ust 
be performed with a scientific accuracy of exact 
quantitative observations, with close supervision of

0.07
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CURVES OP FRICTION 
WITH VARYING VISCOSITY OF LUBRICANT

Press. —  70 lbs. per sq. in. R. P. M. =  446

T im e in  m inu tes . 
F ig . 1.

of the film, its com parative thickness and any irregu
larity  due to an im perfect condition of the journal 
or bearing, or improper lubrication.

A ccurate testing of the mechanical efficiency of 
oils with the precise quantitative observations possible 
on the Carpenter machine, including the various 
classes of lubricators under consideration in this

all details; the work then becomes the regular routine 
of any scientific investigation which involves long 
series of observations; after it is ascertained b y  pre
lim inary trial what conditions are necessary in testing 
any given oil? of course for commercial benefit these 
conditions should be as close as is practicable to the 
factory conditions of use.

CURVES OF FRICTION 
WITH VARYING VISCOSITY OF LUBRICANT

Press. —  150 lbs. per sq. in. R . P. M. =  445

T im e in  m inu tes . 
F ig . 2.

paper represented an extensive field of labor, especially 
since there are no general standards of comparison 
under any conditions of operation. Such constants 
must of necessity be based on arbitrary data; never
theless if they are accurately determined on a standard 
machine, with the conditions of the journal and bear
ing selected-— the load and speed— the constants on

The results to be described on the use of water, 
kerosene, and fuel oil, as vehicles of graphite present 
novel and interesting features. Under certain con
ditions as mentioned above in steam cylinders, it 
is well known to engineers that water alone serves 
as a lubricating film. B ut since 011 journals it serves 
no purpose whatever, the lubricating qualities of
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aqueous suspended graphite m ust be due wholly 
to the graphite. The same is true of kerosene, which 
alone is practically devoid of lubricating quality, 
and likewise of fuel oils.

For the purpose of testing the effects of varying 
viscosity in lubricants, and at the same time the 
lubricating quality of deflocculated graphite, tests

b y  a dotted line in the figure, and it appears that 
there was no change whatever in the direction of 
the curve by stopping and starting. Curve No. 3, 
representing the observations on the coefficient for 
kerosene oil with graphite, is also a straight line, 
showing a very slightly lower coefficient than water. 
The coefficient curve for the fuel oil and graphite

0.08

CURVES OF FRICTION 
OIL AND OILDAG—-VARYING FEEDS

Press. — 150 lbs. per sq. in. R. P. M. 445-

were made with water, kerosene oil, a fuel oil, and 
an auto cylinder oil each carrying 0.35 per cent, 
graphite. The results obtained in these tests are 
shown b y  the curves in Fig. x, in which the speed, 
r. p. m., is maintained at 446, and the load a t 70 ibs. 
per sq. in. The observations of frictional load and

T im e in m in u tes .
Fig. 3.

is also practically a straight line, and with an en
durance test extending i '/ 2 hours after the oil supply 
was shut o ff; here the frictional coefficient is slightly 
higher than that either of water or kerosene. A  
similar regularity appears in the curve of the auto 
cylinder oil with graphite, but it is to be noted that

tem perature were made at intervals of ten minutes the frictional coefficient is very m aterially higher 
each, and on that basis a curve is drawn for each than those of the other lubricators shown in the figure,

TEMPERATURE CURVES FOR LUBRICANTS OF VARYING VISCOSITY 
WITH AND WITHOUT GRAPHITE

DROPS.PRESS. R.RM. 
FEfcH.U

T im e in m in u tes . 
F ig . 4.

of the lubricators tested; in the figure the time is 
given in half-hour lim its and the coefficient of fric
tion in hundredths of a unit. I t  will be observed 
that the curve for w ater and graphite is practically 
a straight line with scarcely any variation for the 
four hours shown on the curve; this test continued 
altogether for 15 hours with a precisely similar re
sult. There were several stops which are indicated

which m ay be considered as a  measure of com para
tive greater internal viscosity of the auto oil; this oil 
showed a much longer endurance test than appears 
in this figure.

The effect of varying viscosity in lubricants and 
the lubricating quality of the graphite under prac
tical!}' the same speed, 445 r. p. m., but w ith a load 
of 150 lbs. per sq. in. using kerosene, a fuel oil and a
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spindle oil, with the same proportion of graphite, 
and the same oil supply is shown in Fig. 2. 
Kerosene here shows a very slight irregularity in its 
coefficient, which differs only slightly from that in 
the preceding figure. Here again the greater internal 
viscosity of fuel oil is shown by the increased fric
tion which appears in this curve. No doubt the 
fuel oil possesses the quality of oiliness in a very 
slight degree' which enables it in the beginning of 
the test to take a lower coefficient than kerosene, 
which maintains for a few  minutes a considerably 
higher coefficient until the continuous film of graphite 
has been formed and reduced the coefficient to its 
normal condition. I t  is evident that the fuel oil 
also possesses a certain oiliness which enables it to 
begin the test w ith a coefficient that changes only 
slightly during the entire period, including also an 
endurance test extending through two hours before

eating quality of the oil is also shown in curves Nos.
3 and 4, curve No. 3 representing a feed of 8 drops 
per min., and curve No. 4 a feed of 4 drops 
per min. The diminished coefficient in curve No.
4 as compared with curve No. 4 represents the lubri
cating effect of graphite, and this effect is still further 
shown b y  the increased endurance test in curve No. 
4; it will also be observed that besides diminishing 
friction, curve No. 4 is based on an oil supply due 
to the graphite, one-half that of curve No. 2 of the 
oil alone.

In Fig. 4 curves are shown which represent 
the temperatures recorded in tests of friction pre
sented in Figs. 1 and 2. A s in the previous 
figures the load is given as 150 lbs. per sq. in. for the 
auto oil, fuel oil and kerosene and 70 lbs. per sq. in. 
for water. The speed was 444 r. p. m. in all but 
the test with water where the load was 446 r. p. m.

AMERICAN CYLINDER OIL 
WITH AND WITHOUT GRAPHITE

Tim e in  m inutes. 
Fig. 5.

the oil breaks and with only a slightly increased 
coefficient of friction after the oil supply was shut 
off. . Another feature worthy of note is the compara
tive endurance of the three oils. While kerosene 
under a bearing load of 150 lbs. per sq. in. maintains 
an extrem ely low coefficient, the fact that it breaks 
immediately when the oil supply is shut off indi
cates that it  has not the power to form a coherent 
graphite film, which is possessed to some extent 
by the fuel oil and in a marked degree by the spindle 
oil.

Fig- 3. load 150 lbs. per sq. in., r. p. m. 445, 
gives the effect on a spindle oil of a  variable feed. 
In one test on the oil alone the oil supply was regu
lated with the object of breaking the oil a t the be
ginning of the test and also its behavior under an 
oil supply that enabled it to perform its functions 
as a lubricant. The effect of graphite on the lubri-

In the test of the auto oil alone there was an imme
diate rise in temperature corresponding to the break
ing point of the oil, which is shown in the friction 
test. I t  is interesting to compare this temperature 
with that of curve No. 2, auto oil and 0.35 per cent, 
graphite, in which the temperature rises within twenty 
minutes to a definite point and then continues in a 
nearly straight line with little variation to the point 
where the oil supply was shut off a t the end of two 
hours. The curve No. 3, representing the tempera
tures of fuel oil and graphite, also shows a very slight 
variation after 30 min., when the stable conditions 
of lubrications were established. A  difference in 
temperatures of approxim ately 250 is shown be
tween the curves of the auto and fuel oils which 
m ust represent the larger escape of energy in the 
form of heat from the bearing due to 'the greater 
internal resistance of the auto oil. The tempera
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of these two curves is a  good example of the accuracy 
in observation possible in these tests. Perhaps 
the most striking feature in this figure is the curve 
presenting the temperatures for water and graphite; 
here as. in the curve of friction for water, this curve 
is shown for only four hours, but the test actually 
extended through a period of 15 hrs., during which 
time there were several stops, in which, as shown 
in this figure, the temperature at the start was the 
same as that at the time of interruption. I t  will 
be observed that this figure shows an extrem ely

B A S 8 IT  B E A R IN O  

8  D R O P S  P E R  M IN U TE

In some of these tests a bronze bearing sim ilarly con
structed, only maintaining the bronze face, was- 
employed. B ut in general, it  was observed that 
the results were less satisfactory not only in testing 
the heavy oils, but in the other classes of oils ex
amined with the bronze than with the babbitt bear
ings. Hard babbitt seems to possess certain peculiar 
qualities adapted to the various details and varia
tions in speeds, loads, and temperatures, which are 
not found in the same degree in the bronze alloys. 
T o show the results obtained in testing cylinder

V I S C O S I T Y  lia AT 213 r  

Sft OR .9417

FLASH 266

GALENA CYLINDER OIL 
WITH AND WITHOUT GRAPHITE

0 30 60 30 60 30 60 30 60 20 30 60 30 60 10 30 40
Tim e in m inutes.

Fig. 7.

low temperature, 65°, practically the same as the 
room temperature, which it  never exceeded b y  more 
than 5 0, and that it is essentially a straight line from 
start to finish. In this use of water as a vehicle for 
the graphite there is nothing to interfere with the 
best work that the graphite is capable of performing.

Am ong the various classes of lubricating oil ex-

oils, figures are here presented on three commercial 
products, the Am erican cylinder oil, Galena cylinder 
oil, and "600 W ”  cylinder oil. Tests were also made 
on the influence' of graphite on these oils with refer
ence to the frictional coefficient and endurance of 
the oils. The physical constants of the oils are also 
given for comparison, especially of specific gravity

tures of kerosene with graphite as shown in curve 
No. 4, are approxim ately • io °  lower than those in 
the fuel oil curve, due to the still smaller internal 
resistance of kerosene. Bearing in mind the small 
difference between the specific gravity  of the fuel 
oil, approxim ately 3 5 0 Be., and that of kerosene, 
approxim ately 450 Be., the difference in temperatures

amined in this work, considerable attention has been 
given to the behavior of heavy engine and cylinder 
oils, both straight hydrocarbon oils and compounded 
oils. An especial form of bearing was constructed 
consisting of a cast-iron frame with a hollow chamber 
for introducing steam and a babbitted face using 
the exceptionally hard babbitt previously described.

Time in m inutes. 
Fig. 6.

‘600W’ CYLINDER OIL 
WITH AND WITHOUT GRAPHITE

BABBIT BEARING VISCOSITY 150“ 212 °F.
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and viscosity. A  general procedure of the tests 
included a continuous run for two hours, at which 
time the supply of oil was shut off.

In Fig. 5 of the American cylinder oil, which 
is a straight hydrocarbon oil, the data of the tests 
includes the use of a bronze bearing, a supply of 
lubricant at the rate of four drops per minute, a total 
pressure of 1200 lbs. and a speed of 245 revolutions 
per minute. ' The curve of the oil straight begins 
a t a somewhat higher coefficient than it maintained 
after the first half hour when .normal conditions are 
established, and it  then proceeds in a straight, line 
w ith no variation to the point where the feed is 
stopped; the endurance run of this oil is doubtless 
considerably shorter than it would have been in the 
use of babbitt bearings; in fact, this was demonstrated 
in another test in which babbitt was used. ■ W ith 
graphite the oil follows closely the direction of the 
other curve, but w ith a very  considerable diminution 
in the coefficient of friction, it further appears in the 
endurance test that the graphite carries the load 
with slightly increased friction for a period of 1 hour 
and 20 minutes, which would have doubtless been 
considerably prolonged if babbitt had been used.

Fig. 6 presents results obtained in tests of 
the “ 600 W ”  cylinder oil with and w ithout graphite. 
A  comparison of physical constants with those in 
Fig. 5 shows a m aterially lower specific gravity 
and somewhat higher viscosity. In these tests the 
same total pressure, 1200 lbs., and the same speed, 
245 revolutions per minute, were used, but the oil 
feed was double that in the preceding tests and the 
babbitt bearing was employed. On account of the 
greater viscosity the straight oil showed at the be
ginning a considerably higher coefficient and the 
tests continued one hour before the oil had reached 
normal conditions, which it maintained until the 
feed was stopped and which it doubtless would have 
continued indefinitely. A fter the oil was shut off 
lubrication was maintained with some slight irregu
larity and increased friction during 1 hour and 40 
minutes, the point at which it broke. Similar con
ditions are observed in the curve which expresses 
the variation in the coefficient of friction of this oil 
with 0.35 per cent, graphite; it begins the test with 
a  somewhat lower friction and reaches normal con
ditions sooner than the straight oil, and continues 
in a straight line to the point where the supply is 
stopped, and then still continues in a straight line 
with somewhat increased friction. The endurance 
curve would doubtless have continued for a  con
siderably longer time but the power was shut off 
a t the point where the curve terminates. A  marked 
influence of graphite on the behavior of this oil is 
plainly apparent in a comparison of these curves.

In applying tests to the Galena cylinder oil with

and without graphite, the same feed, load and pressure 
were used as with the preceding oil and the tests 
were made on a babbitt bearing. In viscosity this 
oil is somewhat less than the preceding oil, the specific 
gravity  somewhat higher. Both curves begin 
with a slightly lower coefficient, 0.03, and this differ
ence is maintained until the oil is shut off and for 
i l/2 hours on the endurance test. To reach normal 
conditions the straight oil ran for one hour, the oil 
with graphite 45 minutes. A fter the feed was stopped, 
the curves proceed regularly with slightly increased 
friction, the oil alone practically breaking in i 1/2 
hours, the oil with graphite proceeding with perfect 
regularity for three hours, changing slightly during 
the next hour and breaking a t the end of 4V2 hours. 
The tests represented on Figs. 5, 6 and 7' are 
not intended to present a com parative efficiency of 
these particular oils but to demonstrate the applica
tion of this method of testing and also to compare 
the effects of defiocculated graphite.

The results presented in this paper w ith reference 
to the uses of graphite as a solid lubricator indicate 
that in the deflocculated form it can readily be ap
plied with great economic efficiency in all forms of 
mechanical work. One of its most characteristic 
effects is that of a surface evener by forming a veneer 
equalizing the metallic depressions and projections on 
the surfaces of journal and bearing, and endowed with 
a certain freedom of motion under pressure, it  affords 
the most perfect lubrication. In automobile lubrica
tion the great efficiency of graphite in increasing 
engine power, in controlling temperatures, and wear 
and tear of bearings has been brought out in a series 
of tests conducted by the Autom obile Club of Am er
ica. In connection with the reduction in friction 
of lubricating oils by graphite the extrem ely small 
proportion necessary is w orthy of note; the propor
tion used in this work is equivalent to a cubic inch 
of graphite in 3 gallons of oil. The curve of tem
perature for Aquadag, an increase but slightly above 
that of the surrounding atmosphere, demonstrates 
an im portant economic quality of controlling tem
peratures in factory lubrication, and thereby avoid
ing the danger of highly heated bearings, which are 
frequently the cause of fires.

In the observations described in this paper, and, 
in fact, in all the work that has been done in this 
field, there is not a more impressive example of the 
efficiency of graphite in lubrication than that pre
sented in the curves of friction and temperature of 
water and graphite; for water serving merely as a 
vehicle and com pletely devoid of lubricating quality, 
the graphite is permitted to perform its work without 
aid and with no lim iting conditions.
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STUDIES ON THE CARBENES.
B y  K e n n e t h  G e r a r d  M a c k e n z i e .

R e c e iv e d  J a n u a r y  20, 1910.

In 1905, Richardson and Forrest1 called attention 
to the use of carbon tetrachlorid as a solvent for 
differentiating bitumens. T hey showed that the 
amount of bitumen soluble in carbon disulphid, 
but insoluble in carbon tetrachlorid, furnished an 
indication of the amount of weathering to which 
natural asphalts had been subjected; and also re
vealed careless refining of the residual pitches ob
tained from California and Texas petroleums, having 
an asphaltic base. Mr. Richardson, in his “ The 
Modern Asphalt Pavem ent/’2 applied the name of 
“ Carbenes” to this class of substances. Recently, 
Kirschbraun3 has carried on extensive experiments 
upon the effect of overheating on the carbene con
tent of Bermudez asphalt and cement. His “ re
sults * * * * confirm the correctness of Clif
ford Richardson’s conclusion that carbenes are a 
result of overheating.”

Again on the Pacific Coast, tetrachlorid has largely 
been used by municipal authorities and b y  producers 
as a means of controlling the character of the residual 
pitch, which is produced there to such a large extent 
for paving purposes.

Certain discrepancies having been noted between 
the results of determinations of carbenes in the same 
samples, made in the New Y o rk  Testing Laboratory 
and in another laboratory on the Pacific Coast, an 
investigation was undertaken b y  the writer at the 
suggestion of Mr. Richardson with the object of dis
covering the cause.

The first possible explanation was a possible differ
ence in the purity of tetrachlorid used. All tetra
chlorid in use in this laboratory is distilled with a 
Y oun g 18-column dephlegmator, discarding all boil
ing below 76°, thus removing any traces of carbon 
disulphid which m ay be present. To determine 
the effect of CS2 impurities upon the amount of car
benes, samples of Durango and Texas pitch were 
examined.

T a b l e  I . — C a r b e n e s  i n  T e x a s  P it c h .

P e r  c e n t
Pure te trach lo rid ..........................................................  9 .3
Tetrachlorid. 2 Va per cent. CS2................................. 9 .5 -9 .5

T a b l e  I I . — Ca r b e n e s  i n  D u r a n g o  N o . 1 0 7 9 7 9 .

P e r  c e n t .
Pure te trach lo rid .......................    3 .7
Tetrachlorid  5 per cent. CS2..............................................  3.3
T etrachlorid  w ater sa tu ra te d ............................................  3 .6

The amount of disulphid would never exceed 5 per 
cent., and the effect of a less amount is negligible. 
Likewise water has no effect on the solvent power, 
for tetrachlorid dried over sodium will absorb less 
than 1 part in 5000.

1 J .  Soc. Chew.. Ind., 24, 7.
3 F irs t edition, p. 120.
3 M unicipal Engineering, 3 5 , 3 4 9 .

M r. R i c h a r d s o n  h a s  a l r e a d y  c a l l e d  a t t e n t i o n 1 t o  

t h e  f a c t  t h a t  t h e  c a r b e n e  p r e c i p i t a t e  i s  i n  a  v e r y  

f i n e ly  d i v i d e d  c o n d i t i o n ,  a n d  t h a t ,  a f t e r  d i s s o l v i n g  

i n  t e t r a c h l o r i d ,  t h e  s o l u t i o n  m u s t  s t a n d  o v e r  n i g h t  

t o  e n s u r e  c o a g u l a t i o n .  I t  a t  o n c e  s u g g e s t e d  i t s e l f  

t h a t  w e  m i g h t  b e  d e a l i n g  w i t h  a  c o l lo id  w h i c h  g r a d 

u a l l y  c h a n g e d  t o  a n  i n s o l u b l e  p r e c i p i t a t e ,  t h e  c a r 

b e n e s ,  w h e n  s o l u t i o n  f i r s t  t o o k  p l a c e ,  b e i n g  n e a r l y  

a l l  i n  t h e  f o r m  o f  a  c o l l o i d a l  s o l u t i o n ,  w h i c h  o n  s t a n d 

i n g  w e r e  p r e c i p i t a t e d .  I f  t h i s  w e r e  s o ,  w i t h  s u f f i c i e n t  

s t a n d i n g  a n d  s e v e r a l  f i l t r a t i o n s  w e  s h o u l d  b e  a b l e  

t o  o b t a i n  t h e  t r u e  c a r b e n e  v a l u e .

Table I II .—Carbenes in  Durango No . 107979.
Per cent.

Dissolved, stood over night and filtered...................  6.5
Refiltered next day, obtained add itional. ......... 4 .2
Stood over two days, reflltercd, additional.............  2.2
Stood over one day, refiltered, additional................  0.3

Total........................................................................  13.2

W e  h a v e  t h u s  e v i d e n t l y  r e m o v e d  a l l  t h e  c a r b e n e s  

s i n c e  a  f i n a l  s t a n d i n g  o f  48 h o u r s  g a v e  o n l y  0.3 p e r  
c e n t .

Table IV.—Carbenes in  Durango No. 107979.
Per cent.

Air blown one hour, stood over night........................................ 5 .9
Refiltered after standing over night, with very tight asbestos

pad, additional.......................................................................  6.9

Total.........................................................................................  12.8
Dissolved, stood over night and filtered...................................  3.7
Refiltered after standing one and one-half weeks, additional.. 10.2

Total.........................................................................................  13.9
Dissolved in tetrachlorid with 5 per cent. CS? stood over night

and filtered..............................................................................  3 .3
Reflltercd after l l/2 weeks, additional.........................................  10.9

Total.........................................................................................  14.2

W e  s e e  t h a t ,  a f t e r  l o n g  s t a n d i n g ,  w e  o b t a i n  t h i r 

t e e n  t o  f o u r t e e n  p e r  c e n t ,  c a r b e n e s ,  t h o u g h ,  w i t h  

a  v e r y  t i g h t  f i l t e r ,  t w o  d a y s ’ s t a n d i n g  g i v e s  u s  a l m o s t  

a s  l a r g e  a n  a m o u n t .  O n e  o t h e r  t r i a l  g a v e :

Table V.—Carbenes in  D urango No . 107979.
Per cent.

Dissolved, etc., as usual...................................................................  3 .5
Rcfiltcred after four days, additional.......................................... 10.1

Total.........................................................................................  13.6

I t  w o u l d  t h u s  s e e m  t h a t  t o  o b t a i n  t h e  t r u e  a m o u n t  

o f  c a r b e n e s ,  i t  i s  n e c e s s a r y  t o  a l l o w  t h e  s o l u t i o n  t o  

s t a n d  a t  l e a s t  f o u r  d a y s .  T h i s  s h o u l d  g i v e  s u f f i c i e n t  

t i m e  f o r  t h e  c o m p l e t e  c o a g u l a t i o n  a n d  p r e c i p i t a t i o n  

o f  t h e s e  h y d r o c a r b o n s .

A t  t h i s  t i m e ,  o u r  a t t e n t i o n  w a s  c a l l e d 2 t o  t h e  p o s s i 

b i l i t y  o f  t h e  a m o u n t  o f  c a r b e n e s  b e i n g  e f f e c t e d  b y  

e x p o s u r e  t o  l i g h t .  A c c o r d i n g l y  s a m p l e s  w e r e  t a k e n ,  

i n  o c t o p l i c a t e ,  o f  G i l s o n i t e  s e l e c t s ,  T e x a s  p i t c h  a n d  

D u r a n g o  N o .  107979. T h e y  w e r e  t r e a t e d  a s  s h o w n  
b e lo w .

S o lu b ilit ie s  in  CS2.
Per cent.

Gilsonite..................................................................  99.8
Texas pitch................. ...........................................  96.1
Durango..................................................................  99.4

1 “Modern Asphalt Pavem ent," 2nd edition, p. 546.
2 By D. B. W. Alexander. See also J .  A m . Chem. Soc., 31, 1052. .
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• T a b l e  V I .— G il s o n i t e .

A . A '.  -B . B f. C . C .  D . £>'.

D ark D ark  D ark  D ark  L ight L ight L igh t L igh t
3 .3 0  P.M. 3 .3 0  3 .3 0  3 .3 0  3 .3 0  3 .3 0  3 .3 0  3 .3 0

D ark  D ark  D ark  D ark  L igh t L igh t L igh t L ight
8 .3 0  A.M. 8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0

L igh t . .  . . . . D ark
3 .3 0  p .m . . . .  . .  1 1 .3 0 a .m . .

D ark . .  L igh t . .  L igh t . . D ark
1 1 .00a .m . . .  8 .00a .m . . .  8 .00a .m . . .  1 1 .00a .m . . .

T a b l e  V I I . — T e x a s  P i t c h .

A . A '.  B . B '.  C . C '. D . D \  
F i r s t  D a y :

Dissolved in . . D ark  D ark  D ark  D ark  L igh t L igh t L ight L ight
T im e .......................3 .3 0 p .m . 3 .3 0  3 .3 0  3 .3 0  3 .3 0  3 .3 0  3  3 0  3 .3 0

S e c o n d  D a y :
F iltered  i n . . .  D ark  D ark  D ark  D ark  L igh t L ight L igh t L ight
T im e .....................  8 .3 0 a .m . 8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0  8 .3 0
T ransferred  to  . .  . .  L igh t L igh t ...................... D ark  D ark
T im e ..................................  . .  4 .3 0  3 .3 0 p .m ........................... 5 .0 0  5 .0 0 p .m .

T h i r d  D a y :
Filtered  in ... . D ark  D ark  L igh t L igh t L ight L igh t D ark D ark
T im e................  8 .3 0  2 .0 0  8.00  1.00  8 .0 0  1 .00  8 .3 0  2 .0 0  ‘
T ransferred  to  . .  L igh t D ark  . .  . .  D ark  L ight
T im e............................ 4.00 4.00 . .  . .  4.00 4.00

F o u r t h  D a y :
F iltered  in ... . D ark  L igh t D ark  L igh t L igh t D ark  L ight D ark
T im e................  7.30 7.30 10.00 7.30 7.30 10.00 10.30 10.30

T a b l e  V III .— " D ” G r a d e .

A . A '.  B . B ' .  C. C .  D . D '.
F ir s t  D a y :

D is s o lv e d  in . . .  D a r k  D a r k  D a r k  D a r k  L ig h t  L i g h t  L ig h t  L ig h t
T i m e ...................  3.30 3.30 3.30 3.30 3.30 3.30 3.30 3.30

S e c o n d  D a y :
F i l t e r e d  i n . . . . D a r k  D a r k  D a r k  D a r k  L ig h t  L i g h t  L ig h t  L ig h t
T i m e ...................  8.301 8.30 8.30 8.30 8.30 8.30 8.30 8.30
T r a n s f e r r e d  to  . .  . . L i g h t  L i g h t  . . . .  D a r k  D a r k
T i m e ......................................... . .  3.30 3 30 ............................ 11.30 11.30

T h i r d  D a y :
F i l t e r e d  i n ... D a r k  L i g h t  L i g h t  L i g h t  L i g h t  D a r k  D a r k
T i m e ...........................  8.30 8.00 1.00 8.00 1.00 8.30 2.00
T r a n s f e r r e d  t o  . .  . .  D a r k  . .  . .  D a r k  L ig h t
T i m e ...........................  . .  4.00 . . . . 4.00 4.00

F o u r t h  D a y :
F i l t e r e d  i n . . . . D a r k  D a r k  D a r k  L i g h t  L i g h t  D a r k  L i g h t  D a r k  
T i m e ...................  7.30 7.30 7.30 7.30 7.30 7.30 7.30 7.30

T a b l e  I X . — Ca r b e n e s  O b t a i n e d .

S e c o n d  D a y . T h ir d  D a y . F o u r t h  D a y .
G i l s o n i t e :

A ...............................  0 .0  0 .07
A '............................... 0 .0  ___
B ................................  0 .0  0 .07
B '............................... 0 .0 4  ___
C ....................................... 0 .07  0 .15
C ' .....................................  0 . 0 0  ____
D ......................................  0 .07  0 .13
D ' ....................................  0 .0  ____

T e x a s :
A ................................  7 .3  0 .2  0 .1
A '............................... 7 .4  0 .2  0 .9
B ................................  7 .3  1 .5  3 .1
B '............................... 7 .2  2 .6  1.7
C................................. 11.4 3 .2  0 .6
C ' .....................................  11.2 2 .8  0 .3
D ...................................... 12.2 2 .0  0 .6
D ' ....................................  11.5 2 i4  0.1

D u r a n g o :
A ................................  4 .8    0 .4
A '............................... 5 .1  0 .2  0 .1
B ................................  5 .0  1 .9  4 .4
B ' ............................... 5 .0  3 .0  2 .0
C .  ...............................  9 .0  3 .2  0 .5
C ' .....................................  9 .2  2 .8  0 .2
D ...................................... 8 .5  0 .2  0 .5
D ' ....................................  8 .4  0 .3  0.1

1 F iltering  and  w ashing tw o days.

F ir s t  D a y : 
D is s o lv e d  i n . . .
T im e...................

S e c o n d  D a y :
F iltered  in ........
T im e..................
T ransferred  to
T im e...................

T h i r d  D a y :
F iltered  in ........
T im e...................

The samples of Gilsonite showed practically no 
carbenes, and require no comment. The Texas 
pitch, however, gives some interesting results. “ A ”  
was carried out entirely in the dark, and showed 
that all the carbenes were removed by the first fil
tration. “ C ”  manipulated entirely in the light 
gave 4 per cent, more carbenes on the initial filtra
tion, and a further increase of 3 per cent, on the sec
ond filtration. A  third filtration gave, however, prac
tically no more. Where samples first stood in the 
light and then in the dark, it should be noticed that 
they were filtered in the light, and, after the filtration 
was complete, were transferred to the dark. But, 
after passing through the Gooch, the solution was 
exposed a drop at a time to light, and the filtrate 
remained in the light until all was filtered. In Table 
V II , the “ time filtered”  shows the time filtration 
commenced, “ time transferred,”  when it was com
plete. Thus we see that B standing in the dark 
gave 7.3 per cent. Further standing in the light 
gave 1.5 per cent., and further standing in the dark 
3.1 per cent. This very contradictory result is ex
plained when it is noticed that before bringing back 
into the dark, it  was light exposed from 8:30 -4:30 , 
while the filtration was in progress. This m ay be 
criticized as an unwise method of procedure, but 
on the other hand, where different fineness of filters 
required different lengths of time for filtration, the 
amount of carbenes is proportional to the length of 
exposure during filtration, and tends to all the more 
firm ly establish the fact that the amount of carbenes 
■is very largely increased by the action of light.

Turning now to the Durango, we find a further 
confirmation. “ A ”  carried on entirely in the dark 
gave at first 5.1 per cent., and practically no more 
on further standing. “ C ,”  light-exposed, gave at 
first 4 per cent, more than “ A ,”  a second filtration 
an increase of 3.2 per cent., while a  third filtration 
gave only an additional half per cent. The total 
was 12.7 per cent, in close agreement with figures 
obtained before on the same sample. The figures 
outside of the initial amounts are strikingly similar 
to the Texas pitch. Likewise B, as above, gave an 
exceptionally large per cent, on the final filtration. 
Standing and filtering in the dark, it  had then stood 
in the light, but since there was no agitation, car
benes were precipitated only in the outer layers of 
the solution. On filtering in the light, the whole 
solution was thoroughly light-exposed after filtra
tion, and, though it stood finally in the dark, the 
carbenes had already been precipitated.

“ G ”  Grade flux, E xtra  H eavy flux and a  blown 
oil, which under ordinary conditions had no car
benes, were dissolved in tetrachlorid, and the solu
tions exposed to sunlight for three weeks.

Solutions of Bermudez refined asphalt and Trinidad 
refined asphalt were allowed to stand 19 days.
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T a b l e  X .— C a r b e n e s  p r o m  F l u x e s  o n  T h r e e  W e e k s ’ L ig h t  E x p o s u r e .

P e r cent.
" G ” g rade ................................................................ 7 .6
E x tra  h eav y ...........................................................  0 .3
Blown o il.................................................................  0 .9  •

T a b l e  X I.— C a r b e n e s  p r o m  B e r m u d e z  a n d  T r in id a d  R e f i n e d  A s 
p h a l t s .

B e r m u d e z .
Per cent.

S tand ing  in the  d a rk .......................................  0 .0
S tand ing  in n o rth  ligh t................................... 1.3
Stand ing  in s u n l ig h t.................................. 1.3

T r i n i d a d .

P er cent.
S tanding  in th e  d a rk .......................................  3 .0
S tand ing  in n o rth  lig h t...................................  8 .2
S tand ing  in s u n lig h t......................................  10.7

I t  is seen, therefore, that the class of substances 
usually determined as carbenes consists of two kinds 
of hydrocarbons: those which are precipitated in 
a  tetrachlorid solution, in the dark, com pletely on 
standing 12 hours; and those which are precipitated 
from the tetrachlorid solution b y  the action of light 
and are usually not com pletely precipitated by stand
ing 12 hours. To the first class of substances we have 
given the name pure carbenes since they are evidently 
the true constituent of the bitumen soluble in carbon 
bisulphid and insoluble in carbon tetrachlorid. 
T o the second class the name “ pseudo carbenes” 
needs 110 comment. The total carbenes are the sum 
of these two.

The work of Kirschbraun was then repeated, de
termining the carbenes in the pure and pseudo forms. 
In each case, about 700 g. of bitumen were heated 
in a round-bottomed flask of twice that capacity 
011 an air batch, with air agitation. The carbene 
determinations were made running parallel samples in 
the dark and in north light with a 12-hour stand. The 
pure carbenes is the amount insoluble in tetrachlorid 
in the dark less the amount insoluble in carbon bi
sulphid. The pseudo-carbenes is the difference be
tween the CC1, insolubles in light and dark.

T a b l e  X II .— D u p l ic a t io n  o f  E x p e r im e n t s  b y  K ir s c h b r a u n .
B e r m u d e z  A s p h a l t  C e m e n t  100 p a r t s . B e r m u d e z  R .  A .

2 6  p a r t s , K .  C o . P a r a f . F l u x .

H eated  H eated
2 hrs. a t  2 hrs. a t  H eated  2  lirs. longer a t

Original. 300° F. 400° F. 500° F . 600° F. 700°]
B itu m en .................. . . .  97 .9 97 .9 97 .8 98 .0 97 .9 95 .4
Min. m a t ................. . . .  1.2 1.3 1.2 1.2 1.5 1.9
Organic non -b itu m en . 0 .9  
M althenes 88°

0.8 1.0 0 .9 0.6 2 .7

N aph. in a s p h a lt . ., 
M althenes 88°

. .  75.1 75 .0 70.0 65.1 53 .8 47.1

N aph. in b itu m e n .,, 7 6 - 7 76.6 71.2 66.5 54.9 49 .4
P ure  carbenes........ . . .  0.0 0.0 0.0 0.0 0.0 10.0
Pseudo-carbenes. . , . . 0.0 0.0 0.0 0.0 0.0 0 .7
T o tal carbenes___ 0.0 0.0 0.0 0.0 0.0 10.7
P enetrom eter......... . . .  119 102 68 35 7 3
F ixed carbon ......... 13.0 12.7 12.9 14.5 19.6 3 1 .0

These results agree in the main with those of K irsch
braun. A  larger amount of carbenes is obtained 
in the final stage, but conditions could not be ex
actly  similar, and we cannot be sure, since he gave 
no figures, that the fluxes used were evenly approxi
m ately similar. It  is especially worthy of note that

the carbenes from overheated Bermudez asphalt
cement come down alm ost com pletely in the dark, 
and that the light has very little additional precipi
tating action. The results on Bermudez refined
asphalt follow:

T a b l e  X II I .— B e r m u d e z  R e f i n e d  A s p h a l t .

D u p l i c a t io n  o f  E x p e r i m e n t s  b y  K ir s c h b r a u n .

H eated  H eated  H eated  H eated  
to to  to  to

500° F . 500° F . 500° F . 700° F.
for for for for 2 hrs.

Original. 2 hrs. 4 hrs. 6 hrs. longer.
B itu m en ....................................  97 .5  97 .7  97 .3  9 7 .5  97 .4
Min. m a t ...................................  1 .5  1 .5  1 .6  1 .5  1.9
O rganic non -b itum en   1 .0  0 .8  1.1 1 .0  0 .7
M althcnes 88°
N aph. in a sp h a lt....................  73 .9  68.8 63 .2  60.1 57 .3
M althenes 88°
N aph. in b itu m en ..................  75 .9  70 .2  6 4 .9  61 .4  58 .8
Pure  carbenes..................... .. 0 .0  0 .0  0 .0  0 .0  0 .0
Pseudo-carbenes..................... 0 .0  0 .0  0 .0  0 .0  0 .0
T o tal carbenes  ........  0 .0  0.0  0 .0  0 .0  0 .0
P enetrom eter...........................  16 6 4 2 5
FJxed carbon ...........................  15.2 16.3 17.8 19.2 25 .6

No carbenes were found, ■while Kirschbraun in  his 
final heating obtained 25.8 per cent. There seems 
to be no explanation available for this discrepancy. 
Kirschbraun worked with a smaller amount, but even 
if he had-obtained local overheating, it  would in all 
probability have only increased the free carbon. 
The absence of carbenes even from overheated Ber
mudez asphalt would be expected.

In order to further examine the effect of overheat
ing upon the pure and pseudo-carbenes, a sample of 
Durango, California, asphalt was treated as above.
T a b l e  X IV .— E f f e c t  o f  H e a t in g  u p o n  t h e  C a r b e n e  Co n t e n t  o f  

D u r a n g o  A s p h a l t .

H eated H eated H eated
to to to

H eated  to 500° F . 600° F . 700° F.
Original. 400° F. 2 hrs. 2 hrs. 2 hrs.

2 hrs. longer. longer. longer.
B itum en ................................ . .  99 .7 99 .6 99.7 99 .8 78 .8
Min. M at............................... . . 0.2 0.1 0.1 0.1 0.1
Organic non-bitum en. 0.1 0 .3 0.2 0.1 22.1
M althenes 88° in asphalt. . .  79 .2 77.0 73.2 64 .8 4 6 .2
M althenes 88° in b itum en. . .  79 .4 77.3 73.4 64 .9 58 .6
Pure  carbenes..................... 2 .3 1 .7 2.2 4 .0 15.0
P seudo-carbenes............... 3 .2 4 .2 3 .8 5 .8 1 .5
T o tal carbenes.................... 5 .5 5 .9 6.0 9 .8 16.5
P enetrom eter...................... 87 54 28 9 too hard .
Fixed carbon ....................... 14.7 15.5 16.9 20.2 3 3 .2

E xcept in the final heating, the pseudo-carbenes 
were slightly larger than the pure. The fixed carbon 
and 8S° naphtha insoluble increased gradually, but 
the bitumen remained constant. When heated to 
700° F. 22 per cent, of free carbon was formed and 
the carbenes, 16.5 per cent., were almost entirely 
precipitated in the dark.

In order to investigate further the nature of the 
carbenes, 60 g. of a different Durango were dissolved 
in the dark in 6 1. of tetrachlorid. I t  was allowed 
to stand over night and filtered in the dark.

Y ield , about 1.5 g., equivalent to 2.5 per cent. 
The Durango contained 0.4 per cent, mineral m atter 
and 1.0 per cent, total insoluble in carbon bisul
phid.
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Thus pure carbenes were 1.5 per cent.
The solution was then placed outside (June 14, 

1909) and allowed to remain 22 days. There was, 
during this period, continuously clear weather, part 
of it extrem ely hot. The solution was then filtered.

Y ield, pseudo-carbenes 8.23 g. equivalent to 13.7 
per cent.

I t  m ay be noted here that, on opening the container 
after the light exposure, the odor of hydrochloric acid 
was plainly perceptible.

The pure carbenes (combined, of course, with the
disulphid insoluble) did not melt even at a red heat.
They contained nitrogen and sulphur.

The pseudo-carbenes decomposed with efferves
cence on heating above 300°. T hey also contained 
nitrogen and sulphur.

T hey had the foljowing properties:
Per cent.

Soluble 88° n a p h th a ..............................  3 .3
Soluble h o t chloroform .........................  98.5

T hey seemed to be sparingly soluble in disulphid, 
for though the insoluble (?) residue was washed 

- continually, the washings were alw ays colored. The 
results from one trial will show this.

P e r cen t.
T aken  0.5000 gram
Dissolved in 100 cc., washed w ith 125 cc., dissolved 16
W ashed fu rth er w ith  200 cc., dissolved fu r th e r   6.6
W ashed fu rth er w ith 200 cc., dissolved fu r th e r   4 .7

This would at once suggest that those compounds 
called carbenes were not present as such in the original 
bitumen, for, as stated above, all but i per cent, 
of the Durango was very readily soluble in a small 
amount of bisulphid.

This conviction was strengthened when it was found 
that both the pure and pseudo-carbenes contained 3 to 4 
per cent, of chlorine.

The original Durango, of course, contained none.
When, in recovering tetrachlorid from bitumen 

solutions, it  is run down to dryness in the retort, 
hydrochloric acid is evolved. One case gave as much 
as 96 mg. per liter in the distillate. Thus, evidently, 
tetrachlorid is decomposed by bitumen when heated 
with it. I t  has already been noted that when the 
container w ith the tetrachlorid solution after sunlight 
exposure was opened, the odor of hydrochloric acid 
was quite evident.

Could it not be that by the action of light as well, 
hydrochloric' acid is formed, which combines .with 
certain unsaturated hydrocarbons and forms pre
cipitates?

In order to find the effect of hydrochloric acid upon 
the carbene figure, 1 g. of Durango, used to prepare 
the pure pseudo-carbenes, was dissolved in 100 cc. 
tetrachlorid and dry H C1 passed through for one hour. 
A  duplicate was air-blown for a similar time to check 
the result. Both were allowed to stand over night.

P e r cent.
Carbenes by  IIC l.................................................. 21 .8
Carbenes by  air-blowing....................................  4 .4

The Durango submitted to high temperatures 
above was examined in the same w ay, giving the fol
lowing amount of carbenes:

Per cent.
O r i g i n a l ...................................................  2 4 .2

A fter heating  up  to  600° F ...........................  3 8 .0
A fter heating  up  to  700° I?...........................  3 3 .9

Hydrochloric acid causes thus a large increase in the' 
amount of carbenes, and the hypothesis already 
suggested finds confirmation, nam ely:

That light acting upon a solution of bitumen in  tetra
chlorid causes the bitumen to decompose, the tetrachlorid 
giving' hydrochloric acid, which in turn combines with 
unsaturated hydrocarbons and precipitates them. B ut 
only certain bitumens (namely those which have been 
more or less overheated) can bring about this phenom
enon. Bermudez asphalt is practically unreactive:

We are thus forced to the conclusion that in over
heating certain decomposition products are formed, 
which compounds are capable of reacting with the 
tetrachlorid; or, that an excess of HC1 is naturally 
generated and by overheating, compounds capable of 
combining with it are formed.

We have to consider the pure carbenes which also 
contain chlorin and which are formed without the aid 
of light. W ith our present knowledge, it is useless to 
devise any theory to ^distinguish between these two 
classes. Much further work is necessary.

Opponents of the carbene determination will ap
parently find in this new ammunition for their warfare. 
But, after all, has the carbene lost any of its value? 
It  is to be sure affected b y  light, but, if conditions are 
relatively the same, if the solution is allowed to stand 
over one night, as Mr. Richardson suggests, and if 
it is kept from direct sunlight, very concordant results 
m ay be obtained. W hat if by long exposure the 
amount m ay be increased? The same effect can be 
obtained b y  using hydrochloric acid gas, yet we would 
not think of taking the amount so obtained as the 
carbene figure. Like m any other determinations in 
bitumen analysis, the carbenes are more or less arbi
trary, but they do show, proportionally, when weather
ing or overheating has taken place, and as Kirsch- 
braun states:1 “ The amount of carbenes allow
able in asphalts must as yet be a m atter of 
opinion, until sufficient data are available to deter
mine such limits.

In the meantime, unless it can be conclusively 
shown from practical results that asphalts high in 
carbenes make satisfactory pavements, a discrimina
tion against such asphalts is, at present, logical and 
safe.

N e w  Y o r k  T e s t i n g  L a b o r a t o r y ,
M a u k e r , N .  J ..

Jan u a ry  14, 1910.
1 L oc. cit.
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BACTERIAL ACTIVITY AS A CORROSIVE INFLU
ENCE IN THE SOIL.

B y  R ic h a r d  H .  G a i n e s .

R eceived Jan u a ry  7. 1910.

One of the many subjects presented for study in 
connection w ith the construction of the Catskill 
A queduct was the corrosion of iron and steel.

In  a communication to the Am erican Electrochem 
ical Society, in 1908,1 the writer discussed at some 
length two inherent causes for corrosion of steel, 
nam ely, irregularity of structure and segregation of 
im purity. Experience has shown that metals which 
are non-homogeneous in character are far more sub
ject to deterioration than those which have the same 
composition and structure throughout.

Conclusions reached from the study referred to 
were that although the cum ulative decomposition of 
m aterials like steel m ay be conditioned b y  im purity 
the operation of this cause would be negligible if the 
process were not vastly  hastened by some external 
impulse. Moreover, since it is probably impossible 
to modify greatly the composition of steel and retain 
the physical properties that render it useful, the 
solution of the corrosion problem would be found in 
controlling the ascertained accelerating influences.

A  great deal has been published relating to the 
corrosion of iron and steel during the last few years, 
w ith much importance a ttach ed  to the electrochemical 
theory of W hitney, on this side the Atlantic, while 
in Europe, attention has been chiefly concentrated 
on the effect of the presence or absence of carbon 
dioxide.

On taking up the present work, it was deemed best 
to direct attention to actual phenomena rather than 
to be influenced by preconceived opinion and to base 
theoretical conception only on observed facts. Due 
examination had led to the conclusion that none of 
the existing theories of corrosion account sufficiently 
for some of the observed phenomena. Only a phase 
of the research a t the laboratory of the Board of 
W ater Supply will be touched upon here. In con
nection with the series of studies in progress, analyses 
were recently made of about twenty-five samples of 
rust, collected from pits in the outside, and tubercles 
on the inside of steel conduits located in different 
parts of the country. The analyses showed, within 
certain limits, a remarkable difference in the character 
of the samples of rust, varying according to the under
ground conditions of exposure to which the iron or 
steel m ay have been subjected. The results appeared 
to indicate the operation of hitherto unconsidered 
influences accelerating the corrosion process.

For the purpose in view here, it will suffice to men
tion but two of the ingredients in the samples of rust. 
Attention was early attracted to the high percentages

1 Transactions of the Am erican Electrochemical Society. 13, 55 et 
sequitur.

of sulphur in combination, and the invariable presence 
of more or less organic m atter in 'all the materials 
examined. Through the courtesy of Mr. T . Merriman, 
at whose instance the analyses were made, permission 
was granted to cite as examples results obtained from 
some of the samples of rust collected from different 
steel conduits (names must be omitted) in which 
combined sulphur calculated as sulphuric anhydride 
was found as follow s:

SO3. per cent.
Tubercles from in terior of C onduit No. 1..........................  1.41

No. 2 ..........................  2 .25
No. 3 ..........................  2 .98

R u s t from ‘‘p its '’ in ex terior of C onduit No. 4 ...................  1.51
“  14 " "  “ “  “ No. 5 .................  3 .95
"  “  “ "  “ "  “ No. 6 .................  6 .5 0

The very high sulphur content shown in the last 
of these examples was perhaps in part due to the 
peculiar soil conditions surrounding the corroded 
conduit, and was, no doubt, an exceptional case. 
The soil backfilled about this pipe gave a loss on 
ignition of 85 per cent., and consisted largely of de
composed organic matter. W hereas the samples 
of rust collected from several steel conduits gave an 
average of nearly 3 per cent, of sulphuric anhydride, 
analyses of pieces of steel cut from the same conduits 
showed only 0.05 per cent, or less of sulphur. In 
contrast with these figures, tubercles artificially 
formed (by connecting with a gravity  cell, steel plates 
immersed in a solution of sodium chloride) gave on 
analysis less than 0.15 per cent, sulphuric anhydride. 
As is well known, finished steel of the character used 
in conduits never contains more than a minute fraction 
of 1 per cent, of sulphur, which is present as man
ganese sulphide, ferrous sulphide only appearing 
when the quantity of manganese is insufficient. The 
proportion of manganese in the samples of rust did 
not correspond with what would be expected if man
ganese sulphate were the first oxidation product. 
On the contrary, the percentage of manganese found 
in the rust was no greater than in the steel, and gen
erally less than 0.35 per cent.

W e know that iron has a tendency to form  com
pounds w ith sulphur just as it has with oxygen. I t  
is not,, therefore, the mere presence of sulphur, but 
the occurrence of its compounds in such quantity in 
connection with the rusting of iron that is significant. 
I t  was believed that a satisfactory explanation of 
this phenomenon would shed new light on the rapid 
deterioration of underground iron and steel structures 
b y  corrosion.

In casting around for a theory to account for the 
singular presence of sulphur or its compounds in the 
quantities found associated with the rust materials, 
early consideration was given to the possible r61e 
played by bacteria. Many decompositions hitherto 
unsuspected, and chemical changes chiefly destructive 
in character, are 110 doubt accomplished b y  these 
organisms. In certain prototrophic forms a process
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goes on comparable to respiration, but consisting in 
the oxidation of inorganic compounds. Belonging 
to this class, some of the thiobacteria possess the 
unique power in organic creation of breaking up 
sulphur compounds and assimilating into the cells 
of their protoplasm pure sulphur, which is subse- 
sequently oxidized into sulphuric acid. Leaving 
aside tem pting speculation concerning the mode in 
which life interacts or is associated with matter, 
the data a t hand seemed to warrant the belief that an 
im portant connection existed between bacterial activ
ity  and underground corrosion. W hatever pro
duces acid conditions in the soil must contribute in 
no small manner to the corrosive influences present. 
T h at acid compounds are formed in abundance as 
the result of vita l activ ity  is easily demonstrated.

Im portant recent advances in our knowledge of 
bacteria are those having reference to the agency of 
these organisms in the circulation of certain elements 
in nature. The functions of nitrogen and iron bacteria 
in this connection have long been known. Definite 
anaerobic forms also exist which have the power of 
fixing carbon and sulphur as well as nitrogen from 
inorganic sources. Owing to the peculiarities in the 
modes of nutrition and respiration of these bacteria 
(vide -infra) they require neither free oxygen nor 
organic food materials for vita l activity.

I t  is now well known that a whole series of sulphur 
bacteria exist of the genera thiothrix, chromatium, 
spirillum and monas, which play im portant parts 
both in the circulation and concentration of sulphur 
in nature. There exist, moreover, in the mud of 
marshes anaerobic bacteria which decompose cellulose, 
probably hydrolyzing it  first and then splitting the 
products into carbon dioxide and marsh gas. When 
calcium sulphate is present, the nascent methane set 
free b y  the cellulose bacteria reduces the sulphate 
with the formation of calcium carbonate, sulphuretted 
hydrogen and water. This is the explanation of the 
occurrence of marsh gas and sulphuretted hydrogen 
in bogs, and such conditions afford favorable media 
for sulphur bacteria which m ultiply b y  oxidizing the 
sulphuretted hydrogen and storing the sulphur in 
their own protoplasm. Processes resulting from the 
bacterial decomposition of vegetable mud only take 
place at certain depths, and the zone of physiological 
activ ity  rises and falls with the variations of partial 
pressures of gases due to the rate of evolution of 
sulphuretted hydrogen. I11 the deeper parts of this 
zone the partially anaerobic bacteria absorb the sul
phuretted hydrogen and as this rises and meets at
mospheric oxygen other bacteria oxidize it and store 
up the sulphur; then ascending into planes more highly 
oxygenated other bacteria further oxidize the sulphur 
to sulphuric acid, which combines with any calcium 
carbonate present to form sulphate again. These 
bacteria, therefore, em ploy sulphuretted hydrogen

as their source of energy much as higher organisms 
employ carbohydrates— instead of liberating energy 
as heat by the colnbustion of sugars, they do it by 
oxidizing hydrogen sulphide. One of the anaerobic 
forms (Spirillum disulphuricans) attacks and reduces 
sulphates, thus undoing the work of sulphur bacteria 
just as certain denitrifying bacteria reverse the opera
tions of nitro-bacteria. Again, we have sulphur 
taken into the higher plants as sulphates, built up into 
proteins, decomposed by putrefactive bacteria, and 
yielding sulphuretted hydrogen which the sulphur 
bacteria oxidize, the resulting sulphur is then oxidized 
to sulphuric acid and again combined with calcium 
to gypsum, the cycle being thus complete.

The well-known part played by iron bacteria affords 
an analogy to the circulation and chemical changes 
just described wrought by the life processes of sulphur 
bacteria in the widely distributed sulphur compounds 
in nature. Pools and marshes near iron mines abound 
in bacteria, some of which belong to the remarkable 
genera crenothrix, cladothrix and heptothrix and 
contain ferric oxide in their cell walls. This iron de
posit is not merely mechanical, but is due to the phys
iological activ ity  of the organism which liberates 
energy by oxidizing ferrous oxide in its protoplasm. 
The iron must be in certain soluble conditions, and 
the soluble carbonate of the protoxide seems most 
favorable. The hydrocarbonate absorbed b y  the 
cells is oxidized probably thus:

2FeC03 +  3H 20  +  O =  Fe2(OH )0 +  2COr

The ferric hydroxide accumulates in the sheath and 
gradually passes into the more insoluble ferric oxide. 
These actions are of great importance in nature, as 
their continuation results in the enormous deposits 
of bog iron ore.

The writer has recently been informed of a serious 
case of corrosion in the W est, in which the evidence 
is apparently conclusive that the damage was due to 
specific bacteria. During repair work on the founda
tion structure of a bridge across Lake Ilauser, in 
Montana, the attention of the engineer in charge 
was attracted to protuberances which occurred with 
more or less regularity on the steel work of the support
ing tubes. The steel construction men designated 
this “ shell rust”  and said that it  was often seen on 
steel which had been under water for some time. 
Mr. W ilton G. Brown, a Montana naturalist, made a 
careful examination of the protuberances and found 
that this was not a case of common rust action, but 
under the center of each individual an irregular pit 
was eaten into the steel. A n inspection of some 
of the rust material under the microscope soon led 
to the conviction that some organism had played a part, 
in the destructive corrosion. The phenomena were 
reported to Professor Beck, of Freiburg, Germ any, 
who suggested that such vigorous action w as probably
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due to bacteria. Specimens of the rust were then 
subm itted to the eminent bacteriologist,'D r. Shorler 
of Dresden, who identified Gallionella ¡erruginea in 
great abundance in the material. The method of 
attack  of this organism is first the elimination of an 
acid product b y  which the iron is dissolved, and 
then each individual forms a pit b y  eating out the 
metal. The structural damage was reported to have 
been enormous for the short period of less than a year 
that the bridge had been in service.

The foregoing considerations apparently warrant 
the conclusion that the corrosion of underground iron 
and steel structures is in part due to bacterial activ ity :

(1) Directly, or b y  the attack  of a specific microbe.
(2) Indirectly, or by creating acid conditions in the 

soil. Certain bacteria present, owing to peculiar 
modes of absorption and elimination of sulphur and 
its compounds convert harmless substances into 
corrosive acids.

The remedies proposed a re :
(1) Free drainage quickly carrying off the acid 

solutions formed should arrest or prevent destructive 
action.

(2) In localities or situations where drainage is 
im practicable, slack lime should be packed about 
the metal, to neutralize acids formed as a result of 
bacterial activity.

147 V a r i c k  S t . ,  N e w  Y o r k .

[C o n t r i b u t i o n  f r o m  A r t h u r  D .  L i t t l e , I n c . ,  L a b o r a t o r y  o f  E n g i n e e r 
i n g  C h e m is t r y .]

VARIATIONS IN CAR PAINTING PRACTICE.
B y C a r l  V . W o o d s .

Received Jan u a ry  10, 1910.

The past few years have witnessed a wide-spread 
m ovement in this country towards the standardiza
tion of paint products. Public attention has been 
called to the prevalence of adulteration and to the 
practice, particularly in mixed paints, of selling goods 
of short weight, while certain investigators ably sup
ported by the reputable paint manufacturers have 
revealed m any such frauds and have taken decisive 
steps toward the education of the consumer and the 
establishment of definite standards. Im portant data 
are being accumulated on the relative value of the 
various pigments and vehicles, but com paratively 
little attention is being given to the proper application 
of the paints themselves. The responsibility for 
poor results in painting rests both w ith the painter 
and the paint manufacturer, for although inferior 
m aterials cannot be made to give long life even in 
the hands of the most skilful painter, it is equally 
true that good paint improperly applied affords 110 
better results than poor paint. There is no class of 
painting in which this is more clearly illustrated than 
in that of car finishing, for this is not a com paratively 
simple operation like house painting, but on the con

trary is a com plex and highly skilful procedure, 
requiring expert labor and involving the application 
of m any coatings.

The object of car painting is both for protection 
and for decoration, although the latter consideration 
has exerted the greater influence on the modern 
practice of car finishing. I t  is possible to preserve 
the woodwork of a car body just as efficiently by 
frequent painting with suitable oil paints as by cover
ing it with the ten to fifteen coats of paint and varnish 
custom arily applied. This is well illustrated b y  the 
practice of the Interborough Rapid Transit Company 
of New Y ork , who paint the bodies of the subw ay 
cars with a dark red house paint. N ot a vestige of 
ornamentation is used and the cars are not even 
varnished. This is an extreme case, but the practice 
has been adopted by an experienced management, 
and indicates the simple method of car finishing which 
can be used where the appearance of the car is of no 
importance. The steam or electric car operated on 
the surface, however, occupies a prominent position, 
and the public justly  demands that it present a well- 
kept exterior. The appearance and condition of the 
cars is frequently considered an indication of the 
liberality of the management, and as a result m any 
companies have carried this idea to an extent which 
brings an unnecessary burden on the earning capacity 
of the system. The cost of painting the same type 
of car varies on different roads from $30.00 to $60.00, 
and in certain cases an even larger amount, while 
some roads are forced to repaint their cars every two 
years, and others with the aid of one coat of varnish 
each year are able to operate for ten to fifteen years 
before complete refinishing becomes necessary. It 
is particularly significant that those cars which have 
had the most expensive finishing are not of necessity 
the longest-lived. I t  is obvious, therefore, that there 
are certain underlying principles upon which the 
durability of the finish depends.

Car paints as a rule are mixtures of liquids and 
solids having w idely different chemical and physical 
properties. Between the priming coat and the final 
varnish, there are not less than tw enty elements 
intim ately in contact, some of which have an affinity 
for each other, while others m ay tend to dissociate. 
This is particularly true of varnishes, for two different 
brands of equal durability m ay so react as to mate
rially injure the wearing qualities of either one. While 
each succeeding treatm ent has its own specific demands, 
the entire paint coating m ust am algam ate and act as 
a unit to prevent separation of the various films 
under the physical stresses of service, produced by 
the expansion and contraction of the car under changes 
of temperature, and the wrenching and twisting in
cidental to operation. The importance of selecting 
the right composition for the successive coats is self- 
evident, but it is equally essential to em ploy a method
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of finishing which will take into consideration the 
specific demands which are imposed upon each coat.

There are four fundam ental operations in car paint
ing which m ust be performed to obtain the proper 
finish and the desired durability:

First, the pores of the wood must be thoroughly 
saturated to prevent the absorption of succeeding 
coats and to form a cementing bond between the wood 
and the paint films.

Second, the natural inequalities of the surface must 
be corrected and a smooth, hard foundation prepared 
for the application of the succeeding color and varnish 
coats.

Third, the required color m ust be applied in a smooth, 
homogeneous film which is sufficiently thick to cover 
the underlying coats and which at the same time 
possesses proper elasticity.

Fourth, the color coat must be covered with a film 
of varnish, both to protect the underlying paints 
from the effect of the weather and to obtain the glossy, 
smooth finish desired. I t  is necessary that this final 
coat be hard enough to withstand the abrasive action 
of sand and dirt and the general deteriorating effects 
of sun, wind and weather, but at the same time possess 
the maximum amount of elasticity.

Three distinct processes for car finishing are in use, 
each of which, if properly applied, produces satis
factory results, but obtains the requisite qualities 
by essentially different methods. These three sys
tems m ay be called the “ Lead and O il,”  the “ Sur- 
facer”  and the “ Color and V arnish”  Processes. Other 
methods of finishing are employed but all of them are 
abbreviations or combinations of the three main types.

The “ Lead and O il”  Process is the oldest system 
in use, and requires the application of- the greatest 
number of coats and the expenditure of the most 
labor. This process consists in thoroughly saturating 
the wood with a thin paint of white lead and linseed 
oil, followed after proper drying b y  thicker coats of 
the same paint until the woodwork is properly “ primed 
and filled.”  On the foundation so prepared, several 
coats (usually three) of a special paint known as 
“ rough stu ff”  are applied. This consists essentially 
of a mineral silicate of moderate fineness mixed with 
white lead and ground in varnish. Such a paint dries 
quickly and can be brought by rubbing with blocks 
of pumice' to a smooth, slate-like finish, which affords 
an admirable surface for the body color. Car colors, 
often known as coach colors, form a special class of 
paints and consist of a suitable pigment ground to the 
last degree of fineness in “ Grinding Japan,”  which 
is really a special varnish generally made of high- 
grade shellac, and loaded nearly to the point of satura
tion with lead and manganese driers. The paint so 
prepared thinned for application with a suitable 
amount of turpentine dries readily and affords a 
smooth homogeneous color.

A fter a sufficient amount of color has been applied, 
the entire surface is given several coats of varnish, 
allowing each to dry thoroughly before adding the 
next. Tw o different types of varnish are sometimes 
employed 011 the same car: the first a “ Rubbing 
Varnish,”  which contains from 6 to 12 gallons of 
linseed oil to every 100 pounds of hard gum and 
which dries to a very hard, dense film capable of 
being rubbed to a high polish, the second, or “ Finish
ing Varnish,”  contains about 25 gallons of oil to every 
xoo pounds of gum, and, although slow-drying, pro
duces a very elastic, tough and durable film. E xperi
ence has demonstrated the unfitness of “ Rubbing 
V arnish”  for exterior purposes, so that in the m ajority 
of cases “ Finishing V arnish”  alone is employed.

The “ Surfacer” Process was devised about thirty 
years ago to reduce the time, labor and expense of 
the old “ Lead and O il”  System . The fundamental 
difference between the two processes is that the 
“ Surfacer”  System  omits the lead priming and filling 
and the “ rough stu ff”  coats, but builds up the surface 
rapidly b y  the application of specially prepared 
paints. The first, or priming, coat is usually a quick- 
drying varnish containing a very small amount of a 
mineral silicate. The second, or loading, coat is of 
much thicker consistency and is a m ixture of yellow 
ochre, white lead and dolomite or other equivalent 
substances ground in quick-drying varnish. The 
third coat, frequently known as the leveling coat, 
is similar to the “ rough stu ff”  of the older process, 
but is devised to amalgamate with the preceding 
coats. Three applications of this material are usually 
made and the entire surface rubbed with block pumice 
to the desired finish. From  this point on, the process 
is identical with the “ Lead and O il”  System , the 
“ Surfacer”  Process confining its efforts to the rapid 
preparation of a surface for the color coat.

The “ Color and V arnish”  Process is of very recent 
origin and is a radical departure from the two pre
viously described systems. The fundamental idea 
of this process is that the fewer the number of coats 
and the more similar in composition, the more durable 
will be the final results obtained. W ith this in view, 
a combination of coats are applied which are so com
posed as to prime the wood, prepare a surface and 
obtain the desired color at the same time. This is 
accomplished by em ploying heavy silicate paints, 
containing the proper color ground in the same kind 
of varnish, each coat possessing suitable drying quali
ties for its respective demands. The best results are 
obtained b y  the use of dark colors such as green or 
brown, as the principal ingredient m ay be ochre, 
umber or some other natural earth pigment which 
not only produces the desired shade, but is well adapted 
for preparing a foundation. The surface so obtained 
is covered with a  coat of the body color ground in 
varnish followed by one thick coat of finishing varnish.
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A  fourth process is used to some extent which is 
really an abbreviation of the “ Lead and O il”  Process 
and consists in priming and filling with lead and oil, 
bu t instead of applying “ rough stuff,”  which requires 
expensive labor in rubbing, the lead coats are brought 
to a reasonable smooth finish with sandpaper. This 
process is further improved by tinting the surfacing 
coats in the direction of the body color so that by the 
use of dark colors, which are also more permanent 
than the lighter and more brilliant ones, one coat of 
color will be sufficient.

E ach of the processes above described had its 
specific faults and virtues, so that no one has com
pletely superseded the other two. The “ Lead and 
O il”  Process if properly applied requires from three 
to four weeks and the application of ten or more 
coats. The “ Surfacer”  Process requires about the 
same number of coats, but, owing to the quicker drying 
of the surfacers, requires but two to three weeks for 
application. The “ Color and V arnish ”  Process is 
the simplest of all and has been applied with ap
parently successful results in from six to eight days 
w ith an application of four to six coats.

The “ Lead and O il”  Process produces very satis
factory results both in appearance and in durability, 
but the lead undercoats require considerable time for 
drying, the rubbing of the “ rough stu ff”  necessitates 
the employment of skilled labor and the number of 
coats applied involves the expenditure of time and 
money out of proportion to the value of the actual 
results obtained. In addition, the process, is sus
ceptible to serious faults, such as improperly made 
“ rough stu ff”  paints which are very brittle and pro
duce cracks on drying which destroy the appearance 
and durability of the finish. The Japan colors serve 
110 function except coloring and yet involve the ex
penditure of applying one or more complete coats. 
The most serious drawback to the em ploym ent of 
this method is that few companies are willing to spend 
the time and money necessarily involved and at
tem pt to cheapen or hasten the work with consequent 
injury. The process actually produces too fine a 
surface for cars, and a certain am ount of handsome 
finish can very properly be sacrificed for greater 
durability.

The “ Surfacer”  System  is capable of producing 
excellent results with a smaller expenditure of time, 
but is little cheaper than the “ Lead and O il”  Process, 
as the specially prepared surfacers are expensive. 
These paints are claimed to give better results than 
lead and oil, but owing to their nature are dependent 
upon the skill and honesty of the manufacturer and 
afford additional opportunity for adulteration. A s 
the process of finishing on the prepared surface is 
the same as in the “ Lead and O il”  Process, the ob
jection to Japan colors applies with equal force. 
It is true of both processes that the necessary ex

penditure of time and money to obtain so handsome 
a finish is not justified by the demands imposed.

The faults o f. the “ Color and V arnish”  Process 
are not as yet thoroughly understood, as the method 
is of very  recent development and has not been sub
jected to the test of long-continued service. I t  
should be understood that the aim of this shorter 
process is durability a t the lowest cost, and that 
appearance is in a measure sacrificed, but it is claimed 
that the finish obtained is fu lly as durable as b y  the 
older methods, that it is free from m any of their 
faults and that it  produces a finished appearance 
sufficiently good for the purpose. On the other 
hand, the process is dependent upon specially made 
paints in which adulteration is difficult of detection, 
and which if carelessly made are not only short-lived but 
render more difficult the refinishing of the car. I t  is 
also claimed that the body colors employed which are in 
reality a sort of enamel are very  apt to produce check
ing, but this fault can be avoided by proper manu
facture. The system  is only applicable to dark colors 
as the lighter and more brilliant pigments do not pos
sess sufficient covering power, but this is not in itself 
a failing as the use of dark green and brown colors 
is rapidly increasing, owing to the greater stability and 
length of life obtained. In this connection it is of in
terest to note that the Pullman Com pany has adopted 
a brown body color as the most satisfactory. shade 
available, while a  large proportion of the railroads both 
steam and electric em ploy a color of similar nature.

The foregoing brief description of the methods of 
car finishing in use indicate the wide variation in the 
processes employed and the results obtained. It 
has been shown b y  actual results that a saving of 
$20.00 to $30.00 can be made on the painting of each 
car and an increase in life obtained of from 5 to 10 
years b y  the adoption of scientific methods of finish
ing. I t  is probable that no one of the methods in 
use em body the m aximum efficiency possible of 
attainm ent and in view  of the very  large amount of 
money involved it is desirable that the entire subject 
be given careful study by technical chemists. The 
improvements in methods up to the present time 
have originated largely with those concerns interested 
in the sale of paint materials, and the consumer has 
accepted the changes with no thorough understanding 
of the underlying principles. The developm ent of 
surfacers, and body colors is particularly the work 
of the chemist, for it necessitates a knowledge of the 
behavior of the various pigments and vehicles under 
different conditions, and the lim itations imposed by 
m anufacturing conditions. It  is the duty of the 
industrial chemist in this as in all other lines of work 
to select those portions of the older system s which 
have proven their value and to develop new materials 
and methods which will lead to a standardization 
along the lines of maximum efficiency.
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AFTER-EFFECTS OF CERTAIN PHOSPHATES ON 
LIMED AND UNLIMED LAND.

B y  H .  J .  W h e e l e r .

R e c e iv e d  F e b r u a r y  17, 1910 .

The chief reasons for presenting a few of the many 
d ata  bearing upon this subject, which have been 
secured at the Rhode Island Agricultural Experim ent 
Station, are the following: (i)  I t  is an almost universal 
practice among agricultural writers to caution their 
readers against liming land where superphosphates 
are to be applied, upon the ground that the presence 
of the lime will hasten the reversion of the phosphoric 
acid, in consequence of which its efficiency will be 
presumably greatly lessened.

(2) Some recent writers seem to hold that the 
action of chemical fertilizers is exceedingly fleeting.

(3) There has not been a  sufficient appreciation 
of the occasional importance of liming as an aid in 
rendering the phosphorus of the soil available to 
plants.

(4) It  is not sufficiently recognized that the avail
ability  of roasted iron and aluminum phosphates is 
dependent in a high degree upon the character of the 
soil, as concerns its content of calcium carbonate.

(5) The recent energetic advocacy of the em ploy
ment of finely ground tri-calcic phosphate rock (floats) 
for agricultural purposes makes it especially important 
that its real agricultural value for various crops, 
and under varying soil conditions, should be more 
fu lly known.

(6) The great difference in the requirements of 
individual plants and of their ability to utilize the 
several phosphates under varying conditions, is not 
properly appreciated.

(7) The tendency of late to generalize from experi
m ents with soil extracts as to what will result in the 
field is fraught w ith danger which should be pointed 
out.

The results presented here were secured in field 
experim ents which were begun in the year 1894, 
and which are still in progress. T w enty plats of land, 
each containing two-fifteenths of an acre, are em
ployed in connection with the experiment. They 
are separated b y  three foot-paths at the sides and 
b y  wide road-ways a t the ends. The entire area 
o f each plat is fertilized uniformly, but before harvest
ing for the final record, the crop is discarded from a 
strip three feet wide on each side and six feet wide 
across each end. The area remaining is then exactly 
one-tenth acre.

The experiment was begun at the outset by others 
with the idea of comparing applications representing 
like money values of the several phosphates. How
ever, it  was decided later to fully equalize the quan
tities of phosphoric acid (P20 5) applied to each plat, 
which was finally accomplished in the year 1902. 
The phosphoric acid applied during that interval

of eight years was equivalent to an average annual 
application of 82 pounds per acre.

Each year generous applications of nitrogen in 
nitrate of soda and of potash either in muriate, or in 
high-grade sulphate of potash, have been made an
nually to all of the plats of land, a t a uniform rate.

The phosphate applications have been duplicated 
in all cases, the applications in one series having been 
supplemented by lime while in the other they were 
not.

The following phosphates have been em ployed:
Dissolved bone-black.
Dissolved bone.
Acid phosphate.
Fine, ground steamed bone. ■
Basic slag phosphate (“ Thom as” phosphate).
Floats (finely ground, unacidulatcd, tri-calcic phos

phate rock).
R aw  (unroasted) iron and aluminum phosphate.
Roasted iron and aluminum phosphate.
No phosphate.
Double superphosphate.
Below are given the yields of three of the many 

plants which were employed in 1903. These results 
are selected because they illustrate so well certain 
features in the preceding outline which it is desired 
to discuss somewhat in detail.

T a b l e  S h o w in g  t h e  R e l a t iv e  Y ie l d s , i n  P o u n d s , o p  T h r e e  D i f f e r e n t

C r o p s .
K ind of phosphate. Limed. Unlimed.

Swedish T u rn ip :
Dissolved bone-black.............................................. 256 119
Dissolved bone.......................................................... 312 175
A cid phosphate ......................   270 107
Fine, ground steam ed bone.................................. 341 245
B asic slag meal (“ Thom as” phosp h ate )  293 232
F loa ts ...........................................................................  HO 58
R aw  iron and  alum inum  phosphate .................  1 0
R oasted  iron and  alum inum  phosphate   117 1
No phosphate .......................  16 1
D ouble superphosphate .........................................  245 89

German Golden M illet, weighed green'.
Dissolved bone-black.............................................. 162 143
Dissolved b o n e . ...................................................... 177 144
A cid phosphate ......................................................... 139 149
Fine, ground steam ed b one .................................  165 153
B asic slag m eal ("T hom as”  phosp h ate )  148 141
F lo a ts   ..................................................  163 146
Raw  iron and  alum inum  phosphate .................  132 109
R oasted  iron a n d  alum inum  phosphate   159 118
No phosphate ............................................................  123 50
Double superphosphate .................................   160 82

Mangel W urzel {Norbiton Giant):
Dissolved bone-black .............................................. 328 3
D issolved bone ..............................     380 101
Acid phosphate ......................................................... 340 8
Fine, ground steam ed bone.................................. 447 16
B asic slag m eal (“T hom as”  phosp h ate )  362 73
F lo a ts ...........................................................................  223 0
Raw  iron and  alum inum  phosphate .................  36 0
R oasted  iron and  alum inum  phosphate  . . . . .  153 0
No phosphate .........................................   40 0
Double superphosphate ...............    145 1

I t  will be seen from the foregoing results with^the 
four superphosphates, dissolved bone-black, dissolved 
bone, acid phosphate and double superphosphate 
that, excepting with the acid phosphate, the yields 
of millet were invariably greater where lime had^been
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used than where it had been omitted. I t  is readily 
possible, if the experiments had been conducted on 
a soil already well supplied with lime in calcium car
bonate, that the result would have been exactly  the 
opposite. This soil contained a large amount of lime 
removable by extraction with hydrochloric acid, 
yet it lacked carbonate of lime to such an extent 
that, when moistened, it not only quickly and in
tensely reddened blue litmus paper, but it also yielded 
im mediately to ammonium hydroxide an abundant 
and intensely dark extract.

The single instance where liming did not prove 
helpful, in connection with the acid phosphate, was 
in the case of the millet, but this was unquestionably 
a mere chance result for upon making twenty-four 
direct comparisons in another experiment where 
more lime had been used the same kind of millet was 
injured b y  liming in every instance. In fact in this 
case the amount of lime present was almost up to the 
lim it of benefit, and even approached the lim it of 
endurance, for millet. This was not true, however, 
of the turnip; and even more particularly of the 
mangel wurzels. These results show the absolute 
absurdity of discussing the effect of liming land in 
connection with superphosphates, or indeed other 
phosphates, w ithout special reference to the character 
of the soil involved and to the particular variety 
of plant to be grown.

Since the final equalization of the phosphates was 
not effected until the previous spring,* this being the 
second crop grown since its accomplishment, thèse 
results throw less light upon the duration of the effect 
of fertilizers than other data which are to follow.

In this case the first liming of the soil occurred in 
1894 at the rate of a  ton of slaked lime per acre and 
the second in 1903 at the same rate. I t  is evident 
that, where no phosphate was used, the interval of 
nine years under continuous cropping must have 
been sufficient to draw heavily upon the native supplies 
of phosphoric acid which had been rendered available 
b y  liming. Nevertheless the result w ith the millet, 
which had been limed not only nearly to its lim it 
of maximum direct benefit, but also to its lim it of 
actual endurance, shows a yield of 50 pounds on the 
unlimed plat and of 123 pounds on that which was 
limed. This indicates, therefore, the probability 
that liming had rendered the phosphorus in the soil 
of the limed plat more available than it would other
wise have been. In other experiments at the Station, 
where a great lack of lime and of available phosphoric 
acid existed at the outset, liming liberated sufficient 
phosphoric acid to render the application of phos
phates unnecessary at least for two or three years 
thereafter.

No beneficial effect of the liming, upon the availa
bility of the raw iron and aluminum phosphate, was 
observable in connection with the yields of the turnips,

but there was evidence of some possible benefit1 in 
this connection with the mangel wurzels and the millet. 
When it comes to a consideration of the effect of 
liming in connection with the roasted iron and alum i
num phosphate, it will be seen that it was most positive 
as shown b y  the millet, and it was striking in the high
est degree in connection with each of the other crops.

In regard to the floats it will be seen that the results 
with the millet, on both the limed and unlimed land, 
were essentially on a par with those secured with 
the better of the phosphates. W ith the turnip the 
inefficiency of the floats on the unlimed soil was 
exceedingly great; and though the x'elative inefficiency 
was far less on the limed land, it was still most striking. 
A s concerns the mangel wurzels the soil was so de
ficient in carbonate of lime as to practically inhibit 
their growth, excepting on two of the plats. On 
this account it is only in the case of the limed plats, 
that indications of the value of the floats are afforded. 
I t  will be seen here that, excepting the case of the 
double superphosphate, floats fell in efficiency below 
all of the other of the better phosphates. The reason 
for the exception in the. case of the double super
phosphate m ay have been its high acidic tendency.

These results show the most striking differences 
in the ability of the different varieties of plants to 
utilize the different phosphates; and also the great 
dependence of this ability upon the character of the soil, 
as affected b y  liming.

The great danger, and indeed the utter futility, of 
attem pting to predicate from experiments with any 
given plant grown in soil extracts or indeed b y  w ay 
of pot1 culture, as to the ability of the soil to produce 
crops of various kinds, could hardly be more strikingly 
illustrated, if one bears in mind the variations with 
the different crops on the same plats of land.

In order to illustrate especially the duration of 
the effect of the several phosphates, the yields in 
pounds of potatoes from one-half of each of the plats 
(one-twentieth acre) in 1909 are given below. I t  
must be recalled that these yields represent those of 
the seventh year following that in which the equaliza
tion of the applications of phosphoric acid was made, 
or in other words it is the eighth crop following the 
last application of phosphates to any of the plats.

L im ed. U nlim ed .

“  « «
j r l i .. e s S o c c S oK ind o f p h o sp h a te . ç/j H h? 02 !-*

Dissolved bone-black.................................... 600 80 680 217 233 450
Dissolved bone ................................................  607 69 676 344 185 529
Acid phosphate ............................................... 500 54 554 333 186 519
Fine, ground  steam ed bone ........................ 570 60 630 400 156 556
Basic slag m eal ("T hom as” p hosphate). 530 62 592 450 130 580
F lo a ts .................................................................  460 45 505 330 180 510
R aw  iron and  alum inum  phosphate   312 35 347 64 180- 244
R oasted  iron an d  alum inum  phosphate  546 48 594 40 184 224
N o ph o sp h ate ..................................................  360 45 405 20 125 145
Double superphosphate ...............................  560 47 607 123 210 333

1 T he b e tte r resu lts  m ay  have fallen w ithin the  lim its of n a tu ra l v a ria 
tion  in the  p lats.
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It  is evident from an examination of the total yields 
th at liming was highly beneficial in connection with 
a ll of the phosphates, excepting the floats, and when 
the relative production of large and small tubers is 
considered, great benefit is shown even in that case.

These results further support the earlier observa
tions at the Station to the effect that liming m ay 
increase the total yield of potatoes but that even if 
this is not the case the yield of tubers of large size is 
usually greatly increased 011 a soil like that under 
experiment.

The wide differences in yield shown upon the several 
plats, when the results are compared with those 
where 110 phosphate had been used, show that the 
after-effect of floats, bone meal, basic slag meal and 
of all of the superphosphates, is great, and long con
tinued, both on the limed and unlimed land.

As concerns the total yields, it will be seen that 
where no phosphate was used the crop was nearly 
three times as great 011 the limed as on the unlimed 
plat thus showing a percentage gain far in excess of 
that in any other case. Taking account of the large 
tubers it will be observed that the same holds true. 
Therefore, both the yields of large tubers and the 
total yields give evidence that liming had probably 
placed at the disposal of the crop more phosphoric 
acid than would otherwise have been available.

On the unlimed land the -inefficiency of the 
raw and roasted iron and aluminum phosphates is 
most striking, whether judged by the total yields or 
b y  the yields of large tubers. On the limed land 
the results with the raw iron and aluminum phosphate 
were poorer than where 110 phosphate had been used, 
but the roasted iron and aluminum phosphate gave 
results superior to those secured with acid phosphate, 
basic slag meal, or floats. This furnishes therefore 
a most striking example of the effect of applications 
of lime upon the continued efficiency of roasted iron 
and aluminum phosphate even when the last applica
tions of each were made several years previous.

Notwithstanding that the floats had been drawn 
upon less heavily in previous years, b y  virtue of smaller 
crops, than most of the other phosphates, they proved 
far less efficient on the limed land than any of the 
others excepting the raw iron and aluminum phos
phate which showed a negative value. On the un
limed land they gave, however, a  better result than 
the dissolved bone-black, double superphosphate or 
roasted iron and aluminum phosphate, and they 
proved essentially as efficient as the acid phosphate. 
Doubtless this m ay be accounted for in some measure 
b y  the tendency of tri-calcic phosphate to correct 
the acid condition of the soil, in which it was aided 
b y  a small amount of carbonate of lime, probably 
present in the floats. This view  is supported by the 
excellent results with basic slag meal, which contains 
a  considerable excess of lime, and hence can over

come soil acidity in a  greater degree than any of the 
other phosphates that were employed.

These results with floats, under the conditions 
existing where no lime was applied, cannot be cited 
to show that floats are equal in value to the other 
phosphates, for the reasons that the conditions of 
the soil were not such as to produce a normal crop 
under any conditions, as shown b y  the wonderful 
improvement in the yields after liming. Further
more, when more nearly optimum conditions were 
created, as a result of liming, the floats theirbecam e 
decidedly inefficient in comparison with the other 
phosphates. This question of optimum conditions, 
in other respects, is a point in connection with com
parative tests of phosphates and discussions of them 
which deserves great consideration if one hopes to 
arrive at reliable conclusions.

A CONTRIBUTION TO OUR KNOWLEDGE OF THE
NITROGEN PROBLEM UNDER DRY FARMING.

B y F . J .  A l w a y  a n d  R . S . T r u m b u l l .

The development of so-called “ dry farm ing”  or 
“ dry-land farm ing” on the semi-arid portions of the 
prairies of North Am erica has introduced problems 
in soil fertility distinct from those of humid or of 
irrigated soils. The characteristic feature of dry
land farming, in so far as it relates to the soil, is the 
practice of bare fallowing to store water in the sub
soil, a practice,* well known to cause, in humid regions, 
a rapid decline in soil nitrogen, the portion removed 
in the form of crops being only a small part of the 
whole that is lost. While in the least arid portions of 
the semi-arid regions certain intertilled crops m ay be 
found capable of taking the place of the fallow to some 
extent, such a change in cultural methods is not likely 
to lessen in any considerable degree the rate of loss of 
nitrogen. The use of leguminous crops as green 
manures has been advised as a substitute for the 
fallow .1 The growth of the legumes, however, ex
hausts more or less of the moisture which fallowing 
would conserve, thus increasing the supply of nitrogen 
a t the expense of that of water and so defeating the 
very object of the fallow.

Investigations in dry-land farming on the Great 
Plains have been undertaken only so recently b y  ex
periment stations in the United States that data are 
not yet available to indicate how serious the nitrogen 
problem is, how soon it will become acute, or how best 
to solve it. For twenty-tw o years, however, an e x 
perimental farm has been maintained by the Canadian 
government at Indian Head, Saskatchewan, and 
during the whole of this time the practice of bare 
fallowing has been employed for the conservation of 
moisture, it having been introduced into the Canadian 
Northwest by Mr. Angus M ackay, who has been

1 C hilcott, “ D ry-land F an n in g  in the  G rea t Plains A rea.” Y ear-book, 
U . S. D ep’t  of Agr., 1907.
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superintendent of this farm  since its establishment in 
1887. I t  has been pointed out that this farm is located 
in a region properly considered semi-arid and that 
moisture studies of the subsoil clearly show the func
tion of the summer-fallow.1

I t  is to be expected that the soil nitrogen supply 
will become an immediate economic problem in some 
parts of the semi-arid region much _ sooner than in 
others. Considering the five widely separated points 
of Indian Head in Saskatchewan, North P latte in 
W estern Nebraska, Am arillo in Northwestern Texas, 
Solano in Northeastern New Mexico, and Douglas in 
Southeastern Arizona, we have a range of 400 per cent, 
of nitrogen as shown b y  the accom panying table. 
The samples analyzed were taken by one of us from 
the heavier types of soil, and accordingly, from those 
richest in nitrogen and organic m atter. All the 
samples were composites, taken to a depth of six 
inches from virgin prairies.

T a b l e  I . — N i t r o g e n  a n d  O r g a n ic  C a r b o n  i n  S e m i .-a r i d  S o i l s .

Organic 
N itrogen. carbon. 
P er cent. Per cent.

Ind ian  H ead, Saskatchew an..................................  0 .384  4 .2 0
N orth  P la tte , W estern  N ebraska.........................  0 .175 2 .06
Am arillo. N orthw estern T exas .............................. 0 .136  1.37
Solano. N ortheastern  New M ex ico ..................... 0.161 1.28
D ouglas, Southeastern  A riz o n a ...........................  0 .0S7 0 .58

In order to be able to form some idea as to the 
losses of humus, of total organic m atter and of total 
nitrogen induced by continuous cultivation under 
semi-arid conditions, one of us visited the Indian Head 
Experim ental Farm  in October, 1907, and secured 
over 70 samples of soil to a depth of six inches from 
various fields, plots, etc., as well as from the adjacent 
prairie. In the case of each sample the total nitrogen, 
the humus and the organic carbon were determined, 
but in m any cases in the results reported below only 
the averages of series are given. The humus was 
determined by the Hilgard method and the organic 
carbon b y  combustion with copper oxide after the 
carbonates had been decomposed by treatm ent with 
phosphoric acid.

The data in regard to crop yields and the history 
of the fields have been secured partly from the annual 
reports of the Canadian Experim ental Farm s and partly 
from private information furnished by Mr. A. M ackay.

S h utt2 had shortly before called attention to the fact 
that while the yield of wheat at Indian Head has not 
shown any marked diminution, there has been a loss 
of 0.11S per cent, of nitrogen to a depth of eight inches 
during twenty-three years of cultivation, while the 
am ount contained in the various grain crops produced 
during this period he calculated to be less than one- 
third as much as had been lost from the soil. He did

1 Am. Chem. Jour., 31, 580 (1906); Jour. Agr. Se t., 2, 333 (1908); 
Bull. 130, B ureau  of P lan t In d u s try , p. 17 (1908).

2 A ddress of the  chairm an of the  Section of Agr. Chem. a t  the  T oronto  
m eeting of th e  Am erican Chemical Society, Ju n e , 1907. Science, N. S., 26, 
661. p. 265 (1907).

not determine the organic m atter, but, 011 the basis of 
his studies of the soils of humid eastern Canada, con
cluded that the total nitrogen and the organic m atter 
rise and fall together.

The farm  was part of the prairie until 1882 when 
it was all plowed and during the next five years kept 
in small grain. The whole was kept in clean summer- 
fallow in 1887, the year the governm ent took posses
sion, since which time the history of the different fields 
has not been the same.

One field which from 1889—1898 had had the follow
ing succession of crops: oats, fallow, roots, barley, 
fallow, roots, fallow, wheat, oats and fallow, was in 
1899 divided in twenty-two one-half acre plots which 
have since been continuously used for rotation ex
periments. The character of the rotation is indicated 
in Table II. Lacustral clay forms the surface of the 
greater portion of the field, varying in depth from a 
few inches to three feet. The remainder of the surface 
consists of boulder clay, or till, which also everywhere 
underlies the lacustral clay. The fallowing has con
sisted of one plowing early in June followed by three or 
four cultivations during the summer, this being 
sufficient to keep down all grass and weeds. Where 
one cereal crop has been followed by another, or by a 
legume or b y  rape, the stubble has been plowed in 
late summer or in autumn, and in the following spring 
harrowed and plowed again before seeding. The rape 
and leguminous plants have been turned under when

T a b l e  I I . — I I u m u s , N it r o g e n  a n d  O r g a n ic  C a r b o n  i n  S u r f a c e  S i x  
I n c h e s  o p  S o il  o p  t h e  R o t a t io n  P l o t s .

O r g a n ic
Soil an d  H um us. N itrogen. carbon.
P lo t No. R o ta tion . Per cent. P er cent. Per cent.

1899 1900 1901
1902 1903 1904
1905 1906 1907

1 W heat, oats, soy beans ........................ 2.49
2 W heat, w heat, peas.............................. 2.13
3 “ oats, ta re s .................................  1.92
4 14 w heat, red  clover...................  1.90
5 “ barley, alsike an d  alfalfa.. . 1.88
6 P eas, w heat, w h eat...............................  2.05
7 Tares, w heat, o a ts .................................  2.07
8 Soy beans, w heat, o a ts ........................  1.78
9 R ed  clover, w heat, w h e a t..................  1.79

10 A lsike and  alfalfa, w heat, barley  . .  2.05
11 R ape, w heat, fallow ..............................  1.92
12 W heat, w heat, fallow ........................... 2.00
13 “ oats, fallow  ................... 1.94
14 u barley, fallow ..........................  1.87
15 “ w heat, o a ts ..............................  1.91
16 “ w heat, barley, o a ts ...............  2.21
17 O ats, soy  beans, w h eat........................  2.10
18 W heat, peas, w h eat............................... 2.05
19 O ats, tares, w h eat................................. 2.03
20 W heat, red  clover, w h e at...................  1.93
21 B arley, alsike and  alfalfa, w h e a t . . .  1.93
22 R ye, fallow, w h eat.............. ............... .. 2.00

Averages of above:
1-22 All ro ta tio n  p lo ts .....................................  2.01
I ,8 ,  17 W heat, oats, soy b e a n s .   ...............2.12
2, 6, IS W heat, w heat, peas .........................  2.08
3, 7, 19 W heat, oats, ta re s ............................  2.01
4, 9, 20 W heat, red  clover and  w h e a t. . . .  1 .S7
5, 10, 21 W heat, barley, alsike and  alfalfa 1.95
II,  12, 13, 14, 22 Fallow  every th ird  y e a r . 1.95
15, 16 W heat, oa ts  or barley  every  year.. 2.06
Fifteen  p lots, cereal, cereal, legum e  2.01
Seven plots, no legum es.................................  1.98

0.307
0.276
0.251
0.259
0.263
0.265
0.264
0.244
0.219
0.278
0.262
0.298
0.258
0.254
0.267
0.272
0.275
0.271
0.263
0.272
0.265
0.260

0.266
0.275
0.271
0.259
0.250
0.269
0.266
0.269
0.265
0.267

3 .15
2.77  
2 .5 2
2 .5 6
2.57 
2.68  
2.83 
2 .3 6  
2 .18  
2 .8 9  
2 .5 9  
2 .98  
2 .56  
2.61 
2 .70  
2.81
2 .79
2 .7 9
2 .6 9
2 .77
2 .8 0  
2 . 6 8

2 .6 9  
2 .72
2 .75  
2 .68  
2 .5 0
2 .75 
2 .6 8
2 .75
2 .69
2 .7 0
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they have appeared to have reached their heaviest 
growth.

The most striking result of the analyses is the lack 
of any apparent connection between the composition 
of the samples and the treatm ent received by the 
different plots during the last nine years. No. i ,  the 
sample highest in humus, nitrogen and carbon, is 
from a plot on which three crops of legumes have been 
plowed under, while the samples showing the least of 
the same constituents, viz., 8 and 9, are likewise from 
plots on which three crops of legumes had been plowed 
under. A  comparison of the averages shows no 
distinct difference between the fifteen plots on which 
legumes had been used as green manure and the other 
seven.

T h at an explanation of the differences between the 
different plots is possible is evident from the data in 
Table III. Suspecting that distinct differences might 
be found between different individual samples from the 
same plot, according as to whether they were from the 
till or from the lacustral clay, ten individual samples 
from rotation plot 14 were kept separate and analyzed. 
T ill forms the surface of the west third of this plot 
and of an isolated area near the center, while the east 
end has a surface of typical lacustral clay. Near the 
edge of this area of lacustral clay and about twenty 
feet within it, five samples, 24 to 28, were taken at 
intervals of ten feet in a north and south line, and, be
ginning tw enty feet west of 26, five samples, 29 to 33, 
were taken at intervals of eight feet in an east and west 
line. W hile 29 and 30 are really typical of neither 
type, being intermediate between the two, 31 to 33 
are quite representative of the till, being from the 
isolated area above mentioned, and 24 to 28 are fair 
samples of the lacustral clay. ,
T a b l e  I I I . — H u m u s , N it r o g e n  a n d  O r g a n ic  Ca r b o n  o f  I n d iv id u a l  

S a m p l e s  f r o m  t h e  S a m e  P l o t .

H um us N itrogen.
Organic
carbon.

Soil No. P er cent. Per cent. P er cent.
24 L acustra l clay .............................. 0.291 3 .27
25 “ “  ............................... .  2 .26 0.268 3 .19
26 44 “ ..................... , .  2 .29 0.282 3.01
27 “ “ ..................... . .  2.28 0.278 3 .18
28 44 "  ............................. . .  2 .28 0.278 3 .08
A verage lacustral c lay ...................... 0.279 3 .15
29 Boulder c lay ................................... . .  2 .03 0.278 2.85
30 , . 1.94 0.263 2.77
31 “ “ ................................ . 0.231 2.43
32 “ “ ................................ 0.227 2 .29
33 “ * ' ................................ .. .  1.57 0.221 2.33
Average B oulder clay ......................... .  1.77 0.244 2 .53

The samples of lacustral clay are richer in hum u
total nitrogen and carbon than are those of till. From 
the differences found between the two types of soil on 
the same plot, it  seems probable that the differences 
found between the different plots should be attributed 
chiefly to the varying amounts of the two types of 
surface soil.

Samples were secured from other fields and also 
from tree rows which had for the preceding 15 years 
been under continuous bare cultivation. These rows

of trees were planted along the lanes in 1892 and since 
that time the soil for a distance of twelve feet on each 
side of the trees has every summer been plowed and 
cultivated sufficiently to prevent the growth of grass 
or weeds. A  summary of the results are given in 
Table IV .
T a b l e  I V .— R e l a t io n  o f  C o m p o s i t i o n  o f  S u r f a c e  S i x  I n c h e s  o f  S o i l  

t o  C u l t iv a t i o n .
T otal Organic

No. of H um us. N itrogen. carbon.
sam ples. C ultivation. P er cent. Per cent. Per cent.

6 Virgin prairie......................................................... 2 .84 0.384 4 .2 0
2 In  cu ltivation  7 yrs., in grass 18 y rs ......... 2 .75 0.384 4 .05
2 “ M 16 11 “  "  9 y rs ........... 2 .46 0.367 3 .8 2
2 "  21 ** “  "  4 yrs , , . 2 .25 0.303 2.10

22 •* 44 25 44 (R otation  plotfield) 2.01 0.266 2.68

6 Tree strip s; in o rd inary  cultivation
10 years, in bare  cu ltivation  15 yrs . 2.12 0.274 2 .84

6 In  cu ltivation  in fields ad jacen t to  tree
s tr ip s ............................................................. 2 .34 0.326 3 .35

It  is impossible from the data on hand to satisfac
torily estimate the original composition of the virgin 
prairie where lacustral clay occurs.1 The numbers 
given in the first line of the table are the averages of 
samples from the boulder clay and from the lacustral 
clay summits. The numbers are certainly too low 
because samples from some fields long under cu ltiva
tion give slightly higher percentages than these. 
On soil where grass (in this case mixed with clover) 
has grown for 18 years, following 7 years of cu ltiva
tion, no distinct loss is to be observed. The longer 
the fields have been in grass the less has been the 
decline. Where no grass a t all has been grown the 
loss is greatest. Continuous bare cultivation in the 
tree rows has caused greater losses than where bare 
cultivation (fallow) and cropping have alternated. 
The extreme loss is probably about one-third of the 
original amount of all three constituents.

The data showing the effect upon the yield of wheat 
produced b y  replacing the summer-fallow by a legu
minous crop plowed under as a green manure have 
been obtained chiefly from the field of rotation plots 
described above (Table II). A  summary of the 
results is given in Table V. Judged by its crop-pro
ducing power, this field was very uniform in 1899, the 
yield of the 12 plots of wheat ranging only from 35 
bushel 20 lb. to 36 bushel 16 lb. per acre. The data 
for wheat after legumes in 1899 are from a series of half
acre plots in another field. On account of the little 
data on the yields after fallow in the rotation field 
there are given in the table the averages of all field 
lots of the standard varieties grown on summer- 
fallowed land. There being no field or half-acre plots 
of wheat after fallow in 1900 it has been necessary to 
employ the yield of a smaller plot. In 1902 the 
wheat after fallow on the three rotation plots was in
jured so seriously b y  rust that the yield was lower 
(20.3 bushel per acre) and the quality poorer than on 
any other plot or field on the farm. Accordingly this 
yield should not be used in such a comparison.

1 A lway a n d  Vail, T h i s  J o u r n a l , 1, 17 (1909).
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T a b l e  V .— Y i e l d  o f  W h e a t  p e r  A c r e  a t  I n d ia n  H e a d  a f t e r  F a l l o w , 
a f t e r  L e g u m e s  P l o w e d  u n d e r , a n d  a f t e r  W h e a t .

A fter
A fte r fallow . leg u m in o u s A fter

i ■------------------- * g reen  w h eat, o a ts
C heck p lo ts . m an u re s . a n d  b a rley .

F ie ld  lo ts. ,--------   s «--------■-------- .   ■-------- -

Y ear. A cres.
Y ield,

bu.

No. oi
1 acre  Y ield, 
p lots. bu .

No o f
£ a c re  Yield, 
p lo ts , bu .

No. o f  
£ acre  

plo ts.
Y ield,

bu.
1S99 16 32 .7 13 35 .9 6 34 .5 .1 28 .9
1900 0 12 27 .0 5 14.9 4 5 .4
1901 17 49 .2 1 44 .7 5 43.1 2 38 .4
1902 40 3 3 .4 3 __ 3 5 24 .9 4 25 .5
1903 26 3 5 .8 0 5 23.8 4 15.9
1904 44 39 .3 1 3 6 .0 5 34.5 2 3 0 .2
1905 44 4 0 .0 3 35.3 5 3 0 .0 4 23.1
1906 45 30 .5 0 5 20.7 4 16.5

Average, 34 .6 28.3 , 22 .9

In two years, 1899 an  ̂ 1901, when the previous 
harvest had been followed b y  exceptionally w et 
weather, the yield after legumes was about the same 
as that after fallow, the autum n rainfall probably 
having been sufficient to fully charge with moisture 
the subsoil of all the fields. In the other years the 
legumes, b y  exhausting the water of the subsoil, 
lessened the yield of the succeeding crop. W heat has 
given a lower yield when sown on wheat stubble than 
after legumes, chiefly because the soil has been left 
drier in the autumn, although partially, probably 
because the supply of available nitrogen has been less. 
Even in the case of the two wet years mentioned, the 
difference in yield is considerable.

The data in Table V I  seems sufficient evidence that, 
notwithstanding a decline of 30 per cent, or more in 
soil nitrogen, this element has not yet become a 
lim iting factor in the yield of wheat on fallowed land 
at Indian Head. The table gives the yield of Red Fife 
wheat both without any fertilizers and with 100 lbs. 
and 200 lbs., respectively, of sodium nitrate. The 
plots were on fallowed land in every case, soil not 
previously fertilized being taken each year. In 1903 
all the plots in the fertilizer experiments were so badly 
injured b y  rust that the crop was not weighed. The 
average yields of the three plots for the remaining 
six years were practically the same. No trials are 
reported of the use of nitrates on wheat sown on 
stubble.
T a b l e  V I.— Y ie l d s  o k  W h e a t  a t  I n d ia n  H e a d  w i t h  a n d  w it h o u t  

t r o g e n  F e r t i l i z e r s .

No fertilizer. 100 lbs. N aN 0 3. 200 lbs. N aN 0 3.

Straw , G rain, Straw , G rain, S traw . Grain,
Y ear. cwt. bu . cwt. bu. cwt. bu.
1900 17.4 27.7 17.6 27.3 17.6 27.3
1901 66.0 62 .7 59 .2 61.3 54.8 58.7
1902 3 7 .6 29 .2 3 1 .6 28 .0 38 .8 30.7
1904 28 .6 26.3 30 .4 28.7 26.4 2 3 .0
1905 72.4 42 .7 62 .8 4 2 .0 54 .0 43 .3
1906 4 8 .0 35 .3 62 .4 3 8 .0 52 .4 3 8 .0
Average, 4 5 .0 37 ,3 4 4 .0 37 .5 40 .7 36 .9

There are two distinct causes of a lowering of the 
content of organic m atter, humus, and nitrogen of 
cultivated soils a t Indian Head, viz., the oxidation of 
the organic m atter and the erosion of the surface soil

1 Two 3-acre fields.
2 A  fo rtie th -acre  plot.
3 B adly  in ju red  b y  ru s t.

by the wind. The deeper the layer of soil is, the 
lower is the content of humus and nitrogen; accord
ingly, erosion by the wind will have an effect upon the 
humus and nitrogen content similar to that of cultiva
tion and m ay seriously affect the value of any such soil 
study as this.

The seriousness of the nitrogen problem for the 
semi-arid region as a whole is evident when it is con
sidered that the loss in 25 years a t Indian Head has 
been almost equal to the total percentage in the virgin 
soils of northwestern Texas and to much more than 
that in the virgin soils of Southern Arizona. Further, 
the use of a theoretically good rotation with legu
minous green manures over a period of nine years has 
failed to have any appreciable effect in checking the 
rapid loss of soil nitrogen, while it has greatly lessened 
the yield of grain.

SUMMARY.

In a comparison of 22 rotation plots no distinct 
relation has been found between the composition of 
the soil and the nature of the rotation. In a long 
cultivated field the till was found poorer in humus, 
nitrogen and organic carbon than the lacustral clay. 
The amounts of the above three constituents found 
in any of the plots depend more upon the relative 
proportions of the two types of soil occurring on the 
plot than upon the previous treatment.

The longer the fields have been kept in grasses 
mown for hay, the less has been the change in com
position of the soil. Continuous bare cultivation 
along tree rows has caused greater losses than the 

■alternation of fallow and crop in the adjacent fields. 
The extreme loss of nitrogen, humus and organic 
carbon in 25 years is about one-third of the amounts 
originally present in the prairie. This loss of nitrogen 
is not sufficient, however, to cause nitrogen to have 
become a lim iting factor in the yield of wheat on 
fallowed land a t Indian Head.

A ttem pts to substitute for the bare fallow various 
leguminous crops, which have been plowed under, 
have decreased the yields of wheat. The lowered 
yields are evidently due to the drying out of the soil 
by the leguminous crop. In the exceptional years 
when the rainfall of autum n has been very  heavy the 
yields after legumes have been as high as after fallow.

L a b o r a t o r y  o f  A g r i c u l t u r a l  C h e m is t r y ,
U n i v e r s it y  o f  N e b r a s k a ,

L in c o l n , N e b r a s k a .

NITROGEN AND CARBON IN THE VIRGIN AND 
FALLOWED SOILS OF EASTERN OREGON.

B y C. E . B radley .

Received Jan u a ry , 19, 1910.

The great wheat belt of Eastern Oregon is char
acterized b y  a silt loam soil. The deposits are of 
volcanic origin and are rem arkably uniform in structure 
even to considerable depths. The rainfall in this
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region is light, varying from 6-15 inches in different 
localities.

The general composition of this soil is given in the 
following partial analyses reported in Table I, the 
results being calculated to the moisture-free sample. 
99.2 per cent, of this soil passes a 0.5 mm. sieve. It  
reacts m ildly alkaline from the carbonate of lime 
present.

T a b l e  I .

T otal Soluble 1.115
P er cent. P er cent.

SÍ02...... . 0.34
k 2o ............... 0 .74
CaO......................... 3 .05
MgO............................................  1.94 1.66
Mn30 <..................... ..................  0 .04
F e ^ a ) 8 .37
A I2O 3 /
P 2Ofi.......................... ..................  0 .30 0.21
N ...............................
V olatile ....................

The effect of long and constant cropping with wheat 
b y  the fallowing process has been proven to be de
structive to soil nitrogen1 when carried on under 
humid conditions. Determination of total nitrogen 
on a number of these semi-arid wheat soils,’ however, 
revealed the fact that very slight differences exist 
between the nitrogen content of the virgin soils and 
those which have been farmed for a quarter of a 
century. In view  of this fact it  was thought that a 
comparison of the carbon content of these soils would 
be of interest as illustrating changes which m ay have 
taken place in their organic m atter under cultivation.
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45 V irgin, su rface.....................
47 Fallow , su rface....................
46 V irgin, subsoil, 18 inches. ,
48 Fallow , subsoil, 18 inches.,
49 V irgin, surface.......................

0.142 38 .4
0.125 ___

7.2

0.107 —6.1 11.731 23.2
0.081 ......... 9.860 ___
0.081 —0.0 7.540 23.5 0.116
0.101   14.133 . . . .  0.411 ___

52 Fallow , su rface ............. 0.102 4-1.0 11.150 21.1 0.131 68.1
50 V irgin, subsoil, 18 in c h e s .. . 0.094 . 9.730 . . . .  0.202 . . . .
53 Fallow , subsoil, 18 inches.. . 0.090 — 1.3 7.352 24.4 0.153 24.2
54 V irgin, s u r f a c e . ................ .... 0.098 ........................................................
55 Fallow , surface ...................... 0.102 + 3 . 9 ..............................................

In Table II are given results of nitrogen and carbon 
determinations on typical samples of these soils. 
Nos. 45 and 46 are samples of virgin surface and sub
soil and Nos. 47 and 48 are the corresponding soils 
which have been cultivated for 25 to 30 years, wheat 
and fallow alternating. Nos. 49 and 50 are likewise 
virgin samples with 52 and 53 the corresponding soils 
which have been in cultivation for about 17 years. 
No. 55 has been farmed about 25 years. These 
samples were obtained from Umatilla, Morrow, and 
Sherman counties respectively.

The nitrogen was determined by the regular Gun
ning method, only traces of nitrates being present.

1 L add , B ulletin  24, N orth  D akota  E xperim ent S ta tion . Snyder, 
Bulletin  70, M innesota E xperim ent S ta tion .

Total carbon was estimated b y  the method of P arr.1 
The soil fusion obtained b y  combustion with sodium 
peroxide and powdered magnesium in the calorimeter 
bomb was decomposed with sulphuric acid and the 
liberated carbon dioxide measured in a  Parr apparatus 
b y  absorption with caustic potash. Carbon as car
bonates was estimated in a separate portion of soil by 
direct decomposition with acid in the apparatus and 
measured as before.

H ilgard2 has pointed out that oxidation in the arid 
soils effects the humus carbon and hydrogen particu
larly and that the nitrogen content of the arid humus 
m ay thus increase. Hilgard and Jaffa3 show that the 
arid humus contains on the average three and a half 
times as much nitrogen as does the humid.

It  is evident from the above results in Table II 
that while the percentage of nitrogen in these soils 
has remained practically constant under continual 
cropping for, in extreme cases, 25 years, there has been 
a marked decrease in the carbon or organic content.

W ith an average yield of 20 bushels of wheat ap
proxim ately 30-40 pounds of nitrogen would be re
moved b y  grain alone from each acre annually. A s 
little or no waste b y  leaching occurs on account of 
limited rainfall, it  would seem that fixation of nitrogen 
might take place to the extent of maintaining prac
tically a nitrogen equilibrium. The soils furthermore 
are warm, porous, and m ildly alkaline with calcium 
carbonate, and when sufficient moisture is present 
would furnish a good medium for bacterial growth.

Credit is due Mr. B. Pilkington for the analytical 
determinations involved in this work.

A g r ic u l t u r a l  E x p e r i m e n t  S t a t io n ,
C o r v a l l is , O r e g o n .

SPANISH PAPRIKA.
B y  A r t h u r  L o w e n s t e i n  a n d  W . P. D u n n e .

R eceived Jan u a ry  7, 1910.

A  paper on this subject was presented by one of us 
at the New H aven meeting of the American Chemical 
Society in 1908, an abstract of which appeared in 
Science.4 Coincident with the presentation of this 
paper was one on the “ Composition of Know n Samples 
of P ap rika”  b y  Doolittle and Ogden.5 T h at this 
subject appears to be of considerable general interest 
in this country is evidenced by the fact that since 
this time cooperative work on this material was con
ducted by the referee on spices of the Association of 
Official Agricultural Chemists.8 The chief point at 
issue in these papers has been the determination of the 
iodine number of the non-volatile ether extract, and 
its value in the detection of adulteration in paprika.

1 J .  A . C. S ., 26, 294-1640. B ulletin  107, revised. B ureau  of Chem 
istry , page 234.

2 Soils, page 124.
3 R eport of Cal. E xperim ent S ta tion , 1892-4.
4 A ugust 7, 1908.
« / .  A . C. S ., 30, 1481 (1908).
6 Proc. A . O. A . C.. B ulletin 122, 35 and  213.
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The title of this paper should properly be “ Spanish 
Pim iento”  as this is the name by which it  is known 
in its native country. T h e term “ P ap rika”  is of 
Hungarian origin, and according to a ruling made by 
the U. S. Government authorities within the last 
year, the Hungarian product alone m ay be called 
"P ap rik a .”

In order to obtain reliable data, for the purchase 
of this material, samples of known origin were ob
tained direct from the growers in Spain— chiefly those 
residing in the province of Murcia. The whole pods 
only were used in this investigation. The seeds were 
carefully separated from the shells and analyses made 
separately on each. The percentage of seeds was 
determined and found to be on an average about 40 
per cent, b y  weight.

The forms of adulteration of Spanish pimiento 
encountered in the ground m aterial are added oil 
(usually olive oil) seeds, stems, sweepings and artificial 
color. The latter can be readily detected and is not as 
common as formerly. In regard to the presence of seeds 
at the present time most all of the ground product con
tains seeds in varying proportions. The growers main
tain that seeds are not an adulteration when present in 
quantities normal to - the whole pods. The higher 
grades contain a smaller proportion of seeds than this 
quantity, while low grades are apt to contain a  much

T a b l e  I . — S p a n i s h  P i m i e n t o  o f  K n o w n  P u r i t y .

larger proportion, in which case they unquestionably 
constitute adulteration.

Paprika is graded commercially by its degree of 
color. Seeds im part no color and consequently lower 
the shade. Olive oil on the other hand intensifies the 
color and thus makes lower grades appear better than 
they really are. I t  is claimed that the oil is added to 
preserve the color of the paprika, and there seems to 
be some merit in this claim as the coloring m atter 
of the various species of Capsicum annuum, I,, is very  
unstable to light and heat. However, it  has been our 
experience that Spanish pimiento packed in hermetic
ally sealed tins maintains its original color for a long 
period, whereas this same m aterial shipped in burlap 
bags and stored loses much of its color and depreciates 
in value. I t  seems only proper that if oil is added it 
should be plainly stated on the label. While the 
addition of olive oil apparently intensifies the color 
of the ground material, the actual color of the paprika 
is in reality lowered and this can be revealed b y  
m aking a tintom eter reading of the alcoholic extract, 
a test which we find very  valuable in selecting paprika 
prior to purchase.

The proportion of seeds m ay be roughly approxi
m ated from a study of the non-volatile ether extract, 
the ash and the iodine number of this extract. I t  
will be noted from the appended table that the presence
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of seeds increases the ether extract, and lowers the ash, 
iodine number, refractive index and color.

The presence of stems increases the ash and fiber 
and reduces the ether extract, and lowers the iodine 
number and color.

Olive oil increases the ether extract, lowers the iodine 
number, ash, refractive index, fiber and color.

Iodine Number of Non-Volatile Ether Extract—  
Methods.— In our opinion the point of prime impor
tance in this connection is the proper determination 
of the non-volatile ether extract. W e have shown 
in another paper1 the influence of the method of he'at- 
ing on the composition of the non-volatile ether 
extract of spices. I t  is sufficient to say at this point 
that “ heating to constant weight at n o 0 C.” as stated 
in the official method of the A, O. A. C., gives non
volatile ether extracts of varying composition and 
consequently of varyin g iodine absorption capacity. 
We think that this point more than any other will 
account for the widely divergent results obtained 
b y  the different analysts, in the cooperative work 
of the A . O. A . C. reported b y  W in ton. We also 
observe that this point has given rise to the opinion 
that satisfactory duplicate iodine numbers cannot 
be obtained on two portions of a sample of paprika, 
extracted by the A. O. A. C. method. I t  is our ex
perience that satisfactory duplicates can be obtained 
if the extraction is carefully conducted and the extract 
brought to constant weight in a vacuum  oven. In 
the case of paprika, heating to constant weight in an 
ordinary air oven a t n o °  C. not only frequently 
com pletely decolorizes the extract but oxidizes it 
so much that a considerable portion of it will no 
longer dissolve in chloroform when the iodine number 
is determined.

In our early work on paprika, we extracted a ten- 
gram portion of the ground sample with redistilled 
petroleum spirit (88°-9o° Be.) repeatedly in a cylinder 
and then transferred to a filter and continued washing 
until the extract was colorless. Then the petroleum 
spirit was distilled off, volatile extractives removed, 
and a sufficient quantity 'of the non-volatile extract 
was thus obtained to make duplicate iodine deter
minations and a refractive index reading. Later, 
after the publication of the paper by Doolittle and 
Ogden, and the modification of their method of ex
traction b y  W. Denis, we adopted this modified 
method as more convenient. It  might be noted 
that the petroleum ether extraction method gives 
results which check within 1 per cent, with this latter 
method. Later we found that we could obtain very 
satisfactory results b y  using the non-volatile ether 
extract— obtained b y  the regular A. O. A. C. method 
(using a 5-gram sample)— when the precautions 
above mentioned were employed. B y  dissolving 
this extract in chloroform and making to a definite

1 T h i s  J o u r n a l ,  2, 4 7 .

volume, satisfactory duplicate iodine values can be 
determined on aliquots. This latter method we find 
most convenient as it saves a separate extraction. 
The Hanus method was employed in making all 
iodine numbers.

In  connection with the iodine value it might be 
interesting to call attention to the iodine num ber 
of the shells of No. 451890, which was an old sample 
of very  inferior quality at the time the determ ination 
was made, although it was pure Spanish pimiento. 
I t  will be noted that it  has the characteristic high 
ash— ether extract and fiber are normal— but the 
extract has oxidized with consequent lowering of the 
iodine number. Its inferior quality will be revealed 
from a comparison of its color reading with that from 
fresh, high-grade shells, No. 45187a.

Refractive Index.— It is interesting to note that while 
we have been able to read the degree of refraction 
of the non-volatile ether extract of all ground com 
mercial paprika 011 the butyro-refractometer, that 
when we came to make the reading on the shells only, 
we found that the reading was too high for this scale 
and had to be read on the Abbd instrument. There
fore, while the refractive index, or better the butyro- 
refractometer reading in itself is of but little value 
in detecting adulteration with oil, it  will be seen from 
the appended table that it is of value in conjunction 
with the other tests.

Tintometer Reading.— We have found either the 
Lovibond or Dubose instrument convenient for 
measuring the color of the extract of paprika. We 
em ploy the alcoholic extract as obtained by the 
official A. 0 . A . C. method, taking 10 cc. of this extract 
and diluting to 100 cc. with 95 per cent, alcohol.

T a b l e  I V .— Co m p a r is o n  o f  t h e  I n f l u e n c e  o n  t h e  I o d i n e  N u m b e r  o p  
D i f f e r e n t  M e t h o d s  o f  E x t r a c t io n . T im e  o f  E x t r a c t io n , a n d  

M e t h o d  o f  H e a t in g  N o n -v o l a t il e  E t h e r  E x t r a c t .

Tim e of

Lab. No.

4 5 1 8 7 a

4 5 1 8 7 a

4 5 1 8 7 a

4 5 1 8 7 a

4 5 1 8 8 a

hours.

100

100

24

24

n , M ethod of M ethod of
extraction . heating . Iodine No.

Petro leum  ether Vacuum  oven j 137.2
. « , * a s10 cm, Hg. (. 137.2

Doolittle-Ogden « a 138.0
modified b 138.3

A. O. A. C. a u  0. 138.0
b 137.7

Continuous ex-
trac tion  w ith a n  u u 123.6
hydrous alcohol-

free e ther
Continuous ex
trac tion  w ith  pe u U 120.9troleum  sp irit 88-
90° Bć.

A. O. A. C. « 130.2

A. O. A. C.

Official A. O. A. C. 
to  constan t w gt. 123.0in a ir oven a t  
110° C.

The color readings given in the table were made on 
this basis. I t  will be noted that olive oil and seeds 
lower the color reading very  m arkedly, and we find 
this determination of great help in selecting paprika,
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and in judging whether goods received are equal 
in quality to samples originally submitted.

C h e m i c a l  L a b o r a t o r y ,
M o r r i s  &  C o m p a n y ,

C h i c a g o , I I I .

THE PREPARATION OF CURD FROM BUTTER
MILK.1

B y J . L. S a m m is .

R eceived Jan u a ry  24, 1910.

The filtration of colloidal precipitates is often a 
difficult operation. The difficulty of collecting curd 
from  heated butterm ilk by filtration has heretofore 
prevented the practical creamery man from preparing 
from butterm ilk anything resembling the well-known 
cottage cheese made from skim milk. I t  has long 
been known2 that curds from skim m ilk or from 
m ixtures of skim milk with not too much butterm ilk 
can be easily collected by filtration on cheese-cloth, 
but no reliable method has been accurately described3 
for handling butterm ilk alone, desirable as such a 
method is.1

Previous attem pts at this U niversity to obtain a 
filterable curd from pure butterm ilk and to produce' 
from it a product having any desired moisture content 
and consistency from cream y to dry and pasty had 
progressed only so far as to show that a cream y prod
uct “ Butterm ilk Cream,” 5 could sometimes be ob
tained, but not far enough to develop a reliable method 
for its manufacture or for controlling its moisture 
content. Neither the yield nor the moisture content 
of the product is stated.

The present study was begun in September, 1909, 
at the suggestion of Professor Farrington, of the 
D airy Department. The following described m ethod0 
was devised b y  the writer and it has been used daily 
for about four months at the U niversity Creamery 
w ith uniform success.

I t  includes special heat treatm ent of the butterm ilk 
for two purposes: first, to obtain the curd in a form 
which can be readily filtered on cheese-cloth, and, 
second, to regulate the moisture content of the curd 
so as to give it any desired consistency. Butterm ilk 
of 0.5 to 0.6 per cent, acidity, made by churning either 
raw or pasteurized cream, is placed in any suitable 
container provided with means for heating. The 
butterm ilk is stirred and heated to 25°-26° C., is then 
covered and left undisturbed at this temperature for 
1 V j  to 2 hours.

The purpose of this operation is to bring the butter 
m ilk quickly to a  temperature at which it will slowly

1 Published b y  permission of the  D irector of the W isconsin A gricultural 
E xperim en t S ta tion .

2 See K noch, D ie Mager milch Venveriung, Liepsic, 1903. p. 90-91.
3 Anonym ous, Hoard's D airym an , 28, 86 (1897}.
4 See R. K . D uncan. T h i s  J o u r n a l , 1 ,  No. 8. 602.
6 “ B utte rm ilk  Cream, a  New P roduct,” Hoard’s D airym an, 40, 20, 

M arch 19, 1909.
6 P rom  the  advance sheets of th is  paper, E . H . F arring ton  has p u b 

lished p a rt of th e  m ethod  in Hoard's D airym an  for Dec. 31, 1909, p. 1424, 
from  which i t  was copied in o ther da iry  papers.

coagulate and to let it become quiet before coagulation 
occurs. As the granules of curd separate from the 
quiet liquid, they cohere forming a fragile floating 
mass, which shrinks and becomes tougher, as the 
whey is expelled, during the next two hours. If  
stirred too long or heated too high at first, the butter
milk will curdle while in motion, and the grains of 
curd will not cohere or float but will settle in the form 
of a fine flocculent precipitate which can not be filtered 
on cheese-cloth.

Then shrunken cohering mass is stirred gently a t 
th6 end of two hours, while heating to 38, 55,-or 6o° C., 
and then left quiet to settle. This leaves the curd 
in the form of coarse flocks which will easily filter
011 cheese-cloth at any time thereafter. The higher
the temperature of this second heating, the drier the
final product will be after draining. The second
heating causes more complete dehydration of the 
curd, and the whey thus formed is removed in the final 
draining process.

If the second heating be for 15 minutes at 38° C. 
the final product is a thick cream y fluid with a glazed 
surface containing about 82 per cent, of moisture, 
shown at the left of the figure. It has been called 
“ butterm ilk cream .” as stated above.

"B u tte rm ilk  c ream " and  “ B utterm ilk  cheeseV

I f  the second heating be continued for 1 hour or 
more at 550 C. before draining 011 cheese-cloth, the 
final product resembles a good quality of cottage 
cheese in appearance, as shown at the right of the 
figure, and the moisture content is about 77 per cent. 
If the second heating be continued at 6o° C. for 
3 hours, the appearance of the product after draining 
is practically the same as when 550 is used, but 
the moisture content is reduced to about 72 per cent, 
and the yield is somewhat reduced. In any case, 
after the second heating most of the clear whey can
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be decanted from the curd, which nearly all sinks 
after being stirred and heated the second time. The 
remaining curd and whey is poured at once into a 
cheese-cloth bag, returning the first portions which 
run through, till the drippings are water-clear. The 
curd in the bag is stirred occasionally since the layer 
next the cloth drains fastest, and delays the draining 
of the interior of the mass. It  is left over night in 
the bag. In  the morning it is seasoned with 1 per 
cent, of salt and, if desired, with 0.1 per cent, of white 
pepper or in other ways. The dry product, which 
m ay be called buttermilk cheese, is eaten like cottage 
cheese. I t  can also be used as a diluent for other 
materials, as an article of food; or with preservatives, 
it can probably be used as a basis for various prepara
tions.

The curd from butterm ilk differs in one respect 
from skim milk curd or cottage cheese. Butterm ilk 
curd is alw ays exceedingly fine-grained in its ultimate 
texture, so that it can be quickly rubbed to a paste 
with water between the fingers.

Further study is in progress. I t  is hoped that the 
method described for precipitating and filtering butter
milk curd m ay be found useful by those who have 
other colloidal material to filter.

U n iv e r s it y  o f  W i s c o n s i n , A g r i c . E x p t . S t a t io n ,
J a n u a r y ,  1910 .

[ C o n t r i b u t i o n  f r o m  t h e  B u r e a u  o r  C h e m i s t r y ,  U. S . D e p t ,  o f  
A g r i c u l t u r e .]1

THE QUANTITATIVE DETERMINATION OF CANE 
SUGAR BY THE USE OF INVERTASE.

B y  C. S. H u d s o n .

R eceived Jan u a ry  17, 1910.

Introduction.— The general method now in use for 
estim ating cane sugar is the procedure of Clerget, 
in which the sugar is hydrolyzed by acid and ' the 
resulting invert sugar estimated either by its reduction 
of Fehling’s solution or by the change in optical ro
tation which results from the hydrolysis. It  has 
long been known that the presence of other hydrolyz
able substances w ith the cane sugar interferes in the 
determination because the hydrolysis by acid is then 
not confined to the cane sugar. This method would 
be greatly improved if some substitute for the acid 
were known which would hydrolyze the cane sugar 
without attacking other acid-hydrolyzable substances; 
it is the purpose of this article to show that the enzyme 
invertase in most cases fulfils this requirement and 
that its use to supplement or even replace acids in 
the quantitative estimation of cane sugar is of great 
value in analytical work. The use of the enzyme 
in studying the sugars which Occur so widely distrib
uted among plants is particularly recommended.

The Preparation of Invertase.— To prepare a stock 
solution of invertase, break up five pounds of pressed 
yeast, which m ay be either baker’s or brewer’s yeast,

1 R ead  a t  the  B oston m eeting of th e  American Chemical Society.

add 30 cc. of chloroform to it in a closed flask and 
allow it to stand at room temperature (20°) over 
night. B y  the morning the solid mass will have 
become fluid and it should then be filtered through 
filter paper, allowing several hours for draining. 
To the filtrate add neutral lead acetate until no further 
precipitate forms and again filter. Precipitate the 
excess of lead from the filtrate with potassium oxalate 
and filter. To this filtrate add 25 cc. of toluene and 
dialyze the m ixture in a pig ’s bladder for two or three 
days against running tap water. The dialyzed solu
tion is colorless, perfectly clear after filtration, neutral 
to litmus, has a solid content about one-half of one 
per cent., an ash content of a few hundredths of one 
per cent., will keep indefinitely in an ice box if a little 
toluene is kept on its surface to prevent the growth 
of microorganisms, and is exceedingly active in in
verting cane sugar. The invertase solution does not 
reduce Fehling’s solution.

The Keeping Qualities of the Invertase Solution.—  
The stock solution of invertase prepared as described 
keeps perfectly. A  quantity of it has been tested 
during a period of fifteen months and no change in its 
general appearance or inverting activ ity  noted. Three 
other preparations of less age have also shown no 
appreciable change. A ll of these solutions have been 
kept in an ice box and toluene was added in excess of 
saturation in each case. Another preparation has 
been observed b y  H. S. Paine, of this bureau, who found 
that the preparation did not change in inverting 
activ ity  during a period of three months. This 
sample was kept at room temperature (20° to 30°) 
during the day and in an ice box at night, thus dupli
cating the conditions which occur where many analyses 
are carried out each day with the use of the invertase 
solution.

The Rotatory Power of the■ Invertase.— The stock 
solutions of invertase have a slight rotatory power 
and in a 400 mm. tube they give a dextro-rotation 
of i.o °  V. In  the method to be described further 
on, the inversion of 95 cc. of sugar solution is accom
plished by 5 cc. of the invertase solution, and there
fore the correction to be applied for the rotation of 
the invertase solution is 0.050 when the reading is 
made in a 400 mm. tube or 0.025° when a 200 mm. 
tube is used. For all ordinary work these corrections 
are negligible and they can alw ays be accurately 
determined when the accuracy requires them.

The Numerical Formula for the Determination of 
Cane Sugar by Invertase.— If S denote the polarization 
of pure cane sugar before inversion and I that after 
inversion, the numerical factor of inversion, which 
can be found by experiment, is I/S. This factor 
varies greatly with the temperature, due to the in
fluence of the latter on the rotation of fructose. H.
S. Paine and the author have measured this factor 
at 20° when invertase is used as the inverting agent
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on sugar solutions of 7 per cent, strength and have 
found its value to be 0.317; similar experiments have 
given the factor 0.324 for the inversion by hydrochloric 
acid when the solution is kept at room temperature 
over night and read in the acid condition. For the 
same acid solution after neutralization the factor 
0.317 was found, showing that it is the acidity which 
causes the difference between the factors for invertase 
and unneutralized acid solution. To check this point, 
the same quantity of hydrochloric acid was added to 
the solution which had been inverted by invertase 
and had given the factor 0.317; it was found that its 
rotation changed immediately to a greater negative 
value which corresponded to a factor 0.324, thus 
verifying the above conclusion in a different way. 
The inversions by invertase which gave the factor 
0.317 were m ade in a solution which had been acidified 
with acetic acid, as invertase acts only in an acid 
solution; the two acid strengths of 0.01 and 1.0 normal 
were used and the factor was found to be the same 
for both, 0.317. Other experiments have been made 
in which the solution was w eakly acidified with other 
acids to produce an acid medium in which the in
vertase would act and for the inversion by invertase 
in these weak acid solutions (five ten-thousandths 
normal) the following values of the factor I/S  at 
20° were found: N itric 0.315, sulphuric 0.315, oxalic 
0.314, citric 0.314, tartaric 0.320, phosphoric 0.315, 
arsenic 0.315, hydrochloric 0.315, hydriodic 0.315. 
The average of these values is 0.315, which is quite 
close to that given for acetic acid and for the neu
tralized hydrochloric inversions, 0.317; a difference 
of four-tenths of a degree in the temperature at which 
the readings of the inverted solutions were made 
would account for this variation. Chas. A. Browne1 
has found the value 0.325 for the inversion by hydro
chloric acid when the acid solution is read, and the 
value 0.317 after neutralization, numbers which are 
practically identical with those given here. W eber 
and McPherson2 find a t 20° the factor 0.317 for in
versions by hydrochloric acid, correction being made 
for the influence of the acid. L. M. Tolm an3 finds 
the factor 0.318 for acid inversions, the acid being 
corrected for, and states that “ if an inverting agent 
could be obtained which had no effect on the invert 
sugar the question of concentration [influencing the 
factor] would practically be eliminated. B u t the 
elimination of this error would necessitate the 
determination of a new factor which would in all 
probability be 141.79 (i. e., 0.3179) or perhaps a little 
less.”  Invertase fulfils this requirement and its 
factor is 141.7. It  is thus certain that the factor 
for the inversion of cane sugar b y  invertase is con
siderably less than the factor for the usual hydro
chloric acid inversion, that its value a t 200 approxi-

1 U . S. D ep t. Agric., B u reau  of Chem ., B ulletin  110, p. 44.
2 J .  Arner. Chem. Soc.. 17, 324 (1895).
* Ibid., 24, 523 (1902).

mates 0.317 closely and that the difference between 
the factors for invertase and hydrochloric acid is due 
to the effect of the acid on the rotatory power of 
invert sugar. These experiments also prove that 
the hydrolysis of cane sugar b y  invertase is a com
plete one, for just as much invert sugar was formed by 
the invertase inversion as by that due to the strong 
hydrochloric acid. The usual formula for the per 
cent, of cane sugar m ay therefore be used with the 
new factor 141.7 when the inversion is carried out 
b y  the use of invertase.

S  —  1P ercen t. = ------------ ^  X  100.
H i -7 —  -T

2
The Influence of Acids and Alkalis on the Activity of 

Invertase.— Invertase acts only in an acid medium, 
and the slightest alkaline reaction stops its action 
instantly. W eak alkalinity does not destroy it, 
however, for if the acidity be restored the invertase 
resumes its original activity. B u t it is quite im por
tant that the medium be only w eakly acid, for invertase 
is rendered inactive and even destroyed b y  acidities 
above hundredth-normal hydrochloric. A s this acidity 
is itself rather weak, it seems best to avoid the use of 
strong mineral acids entirely in preparing the sugar 
solution for the action of invertase, and to use in their 
place a weak organic acid such as acetic, for invertase 
is quite active in acetic acid of 5 per cent, strength.

In the accompanying figure there is given the 
measured activ ity  of invertase in solutions of hydro
chloric acid and of acetic acid. These activities were 
found by mixing a t 30°, 100 cc. of 0.2 normal (approx. 
7 per cent.) cane sugar solution w ith 5 cc. of the ap
propriate strength of acid and 5 cc. of a stock in
vertase solution, and measuring the velocity-coefficient 
(k) of the resulting inversion by the usual formula

k =  1 log 5 ?. . where R „ is the initial ro-
i R  —  Roo 

tation of the solution, R M the value after complete 
inversion, R  the rotation at the time t (expressed in 
hours), and log the common logarithm. Care was 
taken to make the samples alkaline before each read
ing of R  in order to stop the action of the invertase

' .O  .0 0 2  .0 0 4  .0 0 6  .0 0 3  .0/  O 0 .2  0.4- 0 .6  0 8  /.0
— >  A C / D / T Y  o r  S O  LUTS OAT ('A/ORMAL/Ty. J 

Fig. 1 .— Influence of strong  and  w eak acids on the a c tiv ity  of invertase.
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and complete the mutarotation of the invert sugar. 
The figure shows that invertase is active in only 
a  very small range of acidity when the latter is due 
to a  strong acid like hydrochloric, which is almost 
com pletely dissociated in solution, but that if a weak 
acid like acetic is used, its dissociation is so slight 
that quite strong solutions can be used without bring
ing the actual acidity (i . e., hydrogen— ion concentra
tion) up to a strength which is inimical to the action 
o f invertase. A s it would be difficult in practical 
work to adjust the acidity of the solutions very ac
curately, it is recommended that the solutions be all 
made acid to litmus with acetic acid, as even a con
siderable excess of acetic acid will do no harm.

Directions for M aking the Analysis.— Dissolve 26 
grams of the substance to be analyzed for cane sugar 
in water, clarify with the usual substances (neutral or 
basic lead acetate or alumina cream or kaolin) and 
make up to 100 cc. volume at 20°. Filter and read 
the polarization of the filtrate, S, for a 200 mm. tube. 
Rem ove the excess of lead from the filtrate, if lead has 
been used as clarifying agent, with sodium carbonate 
or potassium oxalate and filter. To 50 cc. of thé 
filtrate add acetic acid by drops until the reaction is 
acid to litmus, add 5 cc. of the stock invertase solution 
and make up the volume to 100 cc. Add a few drops 
of toluene to the solution to prevent the growth of 
microorganisms, shaking so as to saturate and allow 
to stand at any temperature between 20° and 40° 
over night. Under usual conditions about six hours 
time is required to accomplish complete hydrolysis. 
In  the morning bring the temperature to 20° and read 
the rotation of the solution, I, for a 400 mm. tube. 
The percentage of cane sugar present is then calcu
lated b y  the formula given on page 144. The per
centage can also be found by the cuprous oxide re
duction before and after inversion b y  the invertase.

The Influence of Mutarotation on the Invert Polariza
tions.— The temperature does not influence the ro
tation of glucose but changes that of fructose greatly 
and the change of rotation lags behind the change 
of temperature. This lag is due to the mutarotation 
of fructose and practically disappears in inversions 
b y  hydrochloric acid for the reason that the acid is 
a  strong catalyst of the mutarotation. In solutions 
inverted b y  invertase the lag for fructose which follows 
a  change in the temperature of the solution lasts 
about ten minutes a t 20°, and care should therefore 
be used in reading the invertase inversions to see 
that the rotation remains constant for a few minutes. 
It  is the w riter’s practice, after the invert 'reading 
is obtained, to add a pinch of cane sugar to the solution 
and observe its rotation for a few minutes; if it  gradu
ally  changes, showing that the cane sugar added is being 
inverted, one is certain that the invertase is active 
and has accomplished a complete inversion over night.

Tests of the Invertase Method. 1. Test on Pure

Cane Sugar.-— Direct polarization (S) ioo°, invert 
polarization, with hydrochloric acid, — 33-2, conse
quently the per cent, sugar by H erzfeld’s formula,

S - i  .   , .
------------™ X 100 is 100.4. The inversion b y  m-142.7 —  1   ̂ 3

2
vertase gave I =  — 31.9, and the percentage by 
the above formula with the constant 141.7 for invertase, 
as described before, is 100.1. The polarizations in 
all the tests were made at 20°.

Test on Louisiana Cane Syrup.— This syrup had 
been treated with SOz in the process of manufacture. 
Direct polarization was 55.6, invert polarization by 
hydrochloric acid — 14.9, b y  invertase — 13.8, giving 
the percentage of cane sugar by hydrochloric inversion 
as 53.1, and b y  invertase inversion 52.7 per cent.

3. Test on Bagasse.— S. F. Sherwood of this bureau 
recently obtained the following percentages of cane 
sugar in samples of Cuban bagasse, using the hydro
chloric acid and also the invertase methods of inversion 
and determining the invert sugar for both methods 
b y  the change of polarization and also by the increased 
reduction of Fehling’s solution.

A n a l y s e s  o f  B a g a s s e ,

P er cent, cane sugar.

H ydrochloric acid inversion. Invertase  inversion.

Sam ple No. Polarization. Reduction. Polarization. Reduction.
1 2 3 .6  23.9 23 .6  23 .3
2 16.4 16.1 15.8 16.0
3 12.4 13 .4  13.4 13 3
4 7 .2  8 .0  8 .7  7 .7

These three substances, pure cane sugar, cane 
syrup and bagasse, show practically the same cane 
sugar percentage by the hydrochloric acid and the 
invertase methods. There will now be ‘ given an 
exam ple of a very different type of analysis.

4. Test on the Sotol Plant (Dasylirion Texanum) } —  
The soluble m atter from 26 grams of the whole plant 
was dissolved to 100 cc. and the polarization S found 
to be — 9.2. Inversion b y  hydrochloric acid gave 
I  =  •— 16.5, b y  invertase I =  — 9.7. The percentage
of cane sugar determined by acid inversion was 5.5, 
b y  invertase inversion, 0.4. The analysis shows 
such a striking disagreement between the two methods 
that a further determination of the reducing sugar 
before and after the hydrolyses was made with Fehling’s 
solution. The true carbohydrate composition of this 
plant was found b y  this method to be:

Per cent.
R educing sugars ........................................    2 .8
Cane sugar (by  invertase inversion ).......................................  0 .7
Unknown carbohydrate  (by acid inversion)....................... 13.3

Here then is a substance which contains only a trace 
of cane sugar but a large quantity of a very  easily 
hydrolyzed carbohydrate; further work on the nature 
of this unknown carbohydrate is in progress.

1 T his in teresting  p lan t occurs in the  w aste  d ry  regions of New Mexico 
an d  T e x as : a  description of i t  is given in Prof. W . L. B ray ’s “ T he V egetation 
of the  Sotol C ountry in Texas,”  Univ. of T exas B ulletin  No. 60.
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5. Test on Commercial Glucose.— A  26 per cent, 
solution of “ m ixing glucose,”  which is prepared by 
the acid hydrolysis of starch, gave a rotation of 86.o° V . 
Inversion by hot hydrochloric acid changed this to 
85.2°, by cold acid 85.3°. F ive drops of invertase 
solution were added to a third portion and after 
standing over night its rotation was still 86.00. The 
method of m anufacture of this mixing glucose by hot 
acid hydrolysis makes it certain that no cane sugar 
can be present in it, and the method of analysis in 
which invertase is employed shows no cane sugar, 
but the usual acid methods give a slight decrease of 
rotation. Weber and McPherson' have particularly 
investigated this error in the acid methods of hydrolysis 
and devised a correction for it, but the invertase 
method is certainly preferable.

6. Commercial Glucose with Added Cane Sugar.—  
Commercial glucose is frequently flavored with a 
small quantity of cane syrup to make it more pala
table and is then sold for table use. An analysis for 
cane sugar of such “ cane-flavored” glucose gave 
the following: Rotation of a 13 per cent, solution of 
the sample in a 200 mm. tube 75.0 °V .,.rotation after 
inversion with hot hydrochloric acid 7 2 . 7 wi t h cold 
hydrochloric acid 73.8°, inversion by invertase 74.00. 
These results show that the acid methods indicate 
more cane sugar than does the invertase hydrolysis 
and there is no question but that the invertase de
termination is more nearly correct.

The Hydrolysis of Raffmose by Invertase.— The 
peculiar trisaccharide raflinose, which occurs in cotton 
seed, in wheat, and in the sugar beet, is hydrolyzed 
by invertase, and the method for estim ating cane 
sugar by inversion with invertase is accordingly not 
applicable in case raflinose is present. Raffmose is 
also hydrolyzed by hydrochloric acid, and therefore 
the acid hydrolysis has here no advantage over that 
by invertase. A n experiment was performed in 
which a 10 per cent, solution of very pure recrystallized 
raflinose, of specific rotation 1230 (circular), was 
hydrolyzed with the stock invertase solution, and the 
rotation was found to change to 67.6° at 20°, where 
it remained constant.

The Action of Invertase on Other Acid-hydrolyzable 
Substances.— The stock solution of invertase has been 
found to be entirely incapable of hydrolyzing lactose, 
maltose, starch, dextrin, cellulose, pentosans, amyg- 
dalin or salicin. So far no action on any substances 
except cane sugar and raflinose has been detected, 
but it appears probable that the tetrasaccharide 
stachyose, which occurs in some plants, would be split 
into fructose and a trisaccharide.

Summary.— The enzyme invertase accomplishes a 
complete inversion of cane sugar and is without 
action on starch, dextrin, maltose, lactose, pentosans 
and natural glucosides. A  procedure for preparing

1 J .  Am er. Chem. Soc., 17, 312-20 (1895).

stock solutions of invertase from pressed yeast has been 
worked out and the solutions found to be permanent 
in inverting power, the measurements having been 
made now for a period of fifteen months. The in
vertase inverts only in an acid medium and the best 
acid to use is found to be acetic. Full directions for 
the method of analysis are given and the possible 
errors due to the slight rotatory power of the invertase 
solution and the m utarotation of the invert sugar 
are investigated and means taken to avoid them. 
The formula for the percentage of cane sugar is found

( 3  j )
to be -------  „  X ioo, where S and I are

141.7 — T

2
the direct and invert readings of the solution, T  
the temperature and 141.7 the inversion constant, 
which differs from that for the inversion b y  hydro
chloric acid, i. e., 142.7. This difference is shown to 
be due to the influence of the acidity on the rotation 
of invert sugar, as the hydrochloric acid solutions 
give after neutralization the invertase constant 141.7. 
I t  is found that raflinose is hydrolyzed b y  invertase 
and that its specific rotation is thereby reduced from 
1230 to 67.6°; raflinose accordingly interferes with 
the estimation of cane sugar by the use of invertase, 
just as it also interferes when the inversion is carried 
out w ith hydrochloric acid. Analyses of cane sugar 
in pure cane sugar, Louisiana molasses, and bagasse 
b y  the invertase method of hydrolysis give percentages 
which agree with those obtained by the hydrochloric 
acid hydrolysis. The Sotol plant (Dasylirion texanum) 
is shown to contain only .a trace of cane sugar, but 
13 per cent, of an unknown carbohydrate which is 
being further investigated.

BACTERIOLOGICAL METHODS FOR DETERMIN- 
. ING THE AVAILABLE NITROGEN 

IN FERTILIZERS.
B y J a c o b  G. Lipm an.

Received F eb ruary  17, 1910.

A ttem pts to determine the relative availability of 
nitrogenous fertilizers b y  measuring the amounts of 
nitrate formed from them under definite experimental 
conditions have been made by different investigators. 
In consequence of these investigations it is now well 
known that nitrate formation from organic substances 
bears a direct relation to the proportion of nitrogen 
contained in them, and in general, to the ease with 
which they will undergo decomposition. A  much 
larger amount of work on the same subject has been 
done from the crop standpoint; that is, the relative 
availability^ of nitrogenous substances has been de
termined not by measuring the quantity of nitrate 

.formed from them under definite experimental con
ditions, but by measuring the amounts of nitrogen 
furnished by each to the crop, as shown b y  analyses 
of the latter.
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In view of the fact that nitrate formation from 
organic substances is preceded by ammonia formation, 
it  is proper to assume that nitrification is more or less 
directly affected b y  ammonification. Substances that 
will ammonify readily should also'nitrify readily, and 
vice versa. Nevertheless, it is theoretically possible 
that the relative ammonification of a group of nitroge
nous substances need not correspond exactly to their 
relative nitrification. It, therefore, appeared advisable 
to make a series of tests on the relative ammonifica
tion and nitrification of a number of such substances. 
I t  was hoped, also, that among other things these tests 
would give some indication as to the practicability 
o f measuring the relative availability of nitrogenous 
materials by their ammonification, as well as their 
nitrification. It  is to be added here, that the experi
ments recorded below are hardly more than prelimi
nary, and will be continued in the future.

The nitrogenous materials in these tests were mixed 
in each case with 100 grams of soil and 1 gram of 
calcium  carbonate. The soils themselves were kept 
a t  their optimum moisture content, viz., 18 per cent. 
In  the ammonification tests additional amounts of 
w ater were supplied so as to provide in each case 
organic m atter containing 75 per cent, of water. For 
instance, when 5 grams of dried blood were employed 
there were added 15 cc. of water aside from that 
added to the soil itself; when approxim ately 30 grams 
of dried manure were used the amount of water added 
was about 90 cc., etc. Thanks to this method it was 
possible to maintain uniform moisture conditions in 
the several soil portions. Both in the nitrification 
and ammonification tests the materials were added 
so as to supply equal amounts of nitrogen. The 
nitrogen content of the different substances was as 
follows :

Per cent.
A m m onium  su lp h ate ................................................................  20.30
Calcium cyanam id ...................................................................  17.64
D ried b lood .................................................................................. 10.76
C oncentrated tan k ag e ..............................................................  12.63
G round fish..................................................................................  7 .90
Cottonseed m ea l......................................................................... 6 .4 0
Bone m eal...............; ..........................................   1.35
Solid and  liquid m anure, fresh .............................................  3 .07
Solid m anure, fresh  , .................................................. 2 .20
Solid and  liquid m anure, leached........................................  1.72
H orse m a n u re .................................................................................  1.31

Ammonia determinations were made at the end of 
six days, and nitrate determinations at the end of 
four weeks in the corresponding series. The amounts 
of material used and those of ammonia and nitrate 
nitrogen found were as follows:

As is shown in the table below considerable quanti
ties of nitrogen were split off either in the form of 
ammonia or of nitrate. Small quantities of nitrites 
were also found in the nitrification series, yet they 
were quite uniform, and so insignificant in amount 
as to make it unnecessary to record them here. The 
proportion of the amounts of nitrogen found as am-

A m m onia N
Aver. 
Mgs.

90 .09

305.47

253.73

26.77

90 .24

175.45

28.98

62.37

38.42 

Increase over
N itra te  N  the u n tre a ted

Soil portion found. Aver. portions.
No. Additions. Mgs. Mgs. Mgs.
1 0.............................................. 5 .332
2 0.............................................. 5.332

21.332
5.33

3 100 mgs. am inon. su lp h a te .........................
4 100 mgs. am m ou. su lp h a te ......................... 20.720 21.26 15.928
5 115 mgs. calcium  cyanam id ........................ 5.48»
6 115 mgs. calcium  cyanam id ............ , ......... 16.00 16.00 10.668
7 189 mgs. dried b lood..................................... 10.56
8 189 mgs. dried b lood..................................... 10.71 10.63 4.298
9 161 mgs. concentrated  tankage ................. 16.21

10 161 mgs. concentrated  tankage ................. 16.19 16.20 10.868
11 257 mgs. ground fish..................................... 10.75
12 257 mgs. ground fish..................................... 10.53 10.64 5.318
13 317 mgs. co tton  seed m eal.......................... 10.46
14 317 mgs. co tton  seed m eal.......................... 12.65 11.55 6.218
15 1504 mgs. bone-m eal..................................... 7 .74
16 1504 mgs. bone-m eal.......................... 7 .92 7.83 2.498
17 661 mgs. solid and  liquid m anure, fresh. 7 .80
18 661 mgs. solid and  liquid m anure, fresh. 8.00 7.90 2.568
19 923 mgs. solid m anure, fresh ...................... 7.22
20 923 mgs. solid m anure, fresh ...................... 7.29 7.25 1.118
21 1180 mgs. solid and  liquid, leached......... 6 .16
22 1180 mgs. solid and  liquid, leached......... 6 .32 6 .24 0.908
23 1122 mgs. horse m au rc ................................. 7 .08
24 1122 mgs. horse ,m anure........ ...................... 7.14 7.11 1 .778

monia or nitrate, to the amounts applied m ay serve 
as an indication of the relative availability of the 
different materials. These proportions, designated 
as nitrogen recovered, are shown in the following 
tab le:

P e r  C e n t , o p  N it r o g e n  R e c o v e r e d .

Ammonifica- N itrifica
tion series, tion series.

Am m onium  su lp h ate ................  78.47
Calcium cyanam id.......................................................... 52 .56
Dried b lood .........................................................  16.74 26.13
C oncentrated  tan k ag e .....................................  56 .66  53.54
G round fish.......................................................... 47 .1 6  26.15*
C ottonseed m ea l.................................................... 4 .95  30 .64
Bone m eal............................................  16.65 12.31
Cow m anure, solid a n d  liquid  f r e s h . . . .  32 .60  12.67
Cow m anure, solid fresh ..................  5 .3 9  9 .46
Cow m anure, solid and  liquid le a ch e d .. 11.59 4 .48
H orse m an u re .......................................................  7 .14 8 .76

In comparing the figures before us we should re
member that ammonia was determined at the end of 
six days and nitrate at the end of four weeks. There 
is no doubt that two or three days more would have 
not only increased the amounts of ammonia produced 
in the ammonification series, but would have modified 
to some extent the relative recovery. I t  is also true

1 N ot included in th e  average.

Soil portion found.
No. Additions. Mgs.
1 5 gram s dried blood.................................................  9 1 .5 1
2  5  gram s dried b lood.................................................  8 8 .6 7
3 4 .2 6  gram s concentrated  tan k ag e .......................  3 1 2 .9 5
4 4 .2 6  gram s concentrated  tan k ag e .......................  2 9 7 .9 9
5 6 .81  gram s ground fish...........................................  2 4 7 .4 3
6  6 .81  gram s ground fish...........................................  2 6 0 .0 3
7 8 .41  gram s cotton-seed m eal................................  3 2 .1 3
8 8 .41  gram s cotton-seed m eal....................................... 2 1 .4 2
9  3 9 .8 5  gram s bone-m eal...........................................  7 8 .4 3

10  3 9 .8 5  gram s bone-m eal...........................................  1 0 2 .0 6
11 1 7 .5 2  gram s solid and  liquid m anure, f r e s h . . 1 8 0 .4 9
12 17 .52  gram s solid and  liquid m anure, fresh . . 1 7 0 .4 1
13 2 4 .4 5  gram s solid m anure, fresh .........................  2 8 .1 9
14  2 4 .4 5  gram s solid m anure, fresh .........................  2 9 .7 7
15 3 1 .2 8  gram s solid an d  liquid m anure, leached 6 2 .3 7
16  3 1 .2 8  gram s solid an d  liquid m anure, leached 6 2 .3 7
17 2 9 .7 2  gram s horse m anure .....................................  4 0 .0 0
18 2 9 .7 2  gram s horse m anure ..................................... 3 6 .8 5
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that another week or two in the nitrification series 
would have resulted in slight modifications in the 
relative availability of the different materials as 
measured b y  nitrate production. For all that the 
results are of considerable interest even as they are. 
W e note, for instance, that concentrated tankage, 
ground fish, solid and liquid manure fresh, dried 
blood and bone meal in the order given yielded the 
largest amounts of ammonia; and concentrated tank
age, cotton-seed meal, ground fish, dried blood and 
solid and liquid manure, fresh, in the order given 
yielded the largest amounts of nitrate. Concentrated 
tankage heads the list, in each case, while three others 
are also found in each group. The surmise, therefore, 
that easily ammonifiable substances are also easily 
nitrifiable is borne out b y  the present data. N everthe
less there are some discrepancies that are of con
siderable moment. I t  w ill be observed that next to 
concentrated tankage, cotton-seed meal proved the 
m ost easily nitrifiable of the organic materials. In 
the ammonification series, on the other hand, cotton
seed meal was found to possess a  low rate of availa
bility. In  view  of other experiments carried out by 
us, showing the depressing effect of soluble carbohy
drates on ammonification, the low rate of availability 
of cotton-seed meal in the ammonification series is not 
w ithout interest.

In  comparing further the relative availabilities of 
the same materials in the ammonification and nitri
fication series it should be remembered that small 
quantities of material are transformed more thoroughly 
and more efficiently in the soil than larger quantities. 
Hence, the relations in the two series are somewhat 
different in this respect. I t  is also likely that in 
different soils the relations found in the two series 
would be modified. W ith that much admitted, how
ever, it  is instructive to note how rapidly some sub
stances m ay be broken down b y  bacteria. We find, 
for instance, that in the ammonification series 56.65 
per cent, of the nitrogen contained in the concentrated 
tankage was changed to ammonia in six days. Sim 
ilarly, 47.16 per cent, and 32.60 per cent, in the ground 
fish and the solid and liquid manure, fresh, respectively 
were transformed into ammonia. On the contrary, 
the 'three other samples of manure proved to have a 
low rate of availability, both in the ammonification 
and nitrification series. It  should be noted, here 
however, that the samples of manure employed in 
the present experiments had been previously dried 
on the water bath  and kept in a dry state for some 
time. N aturally, the drying reduces the availability 
of nitrogenous materials, hence the returns, as noted 
above, are smaller than they would have been had 
the manure in question been used in a fresh condition. 
It  m ay be of interest to cite here the results secured 
w ith similar samples of manure in our cylinder experi
ments extending over a period of ten years. I t  was

found in these experim ents1 that solid manure, fresh; 
solid and liquid, fresh; and solid and liquid, leached 
gave recoveries of 22.31 per cent., 32.91 per cent, and 
26.75 Per cent., respectively, in a ten-year period, 
in which two rotations of corn, oats, wheat and grass 
had been completed. The manure was applied an
nually and the figures given above represent, therefore, 
the cum ulative effect of the manure residue. In single 
seasons much lower returns have been secured in a 
number of instances. Thus the corresponding re
coveries in the corn crop of 1908 were2 11.20 per cent., 
17-55 per cent, and 11.50 per cent., respectively. 
On the whole, it is not unlikely that the methods 
outlined above will prove very  convenient not only 
for measuring the relative availability of nitrogenous 
fertilizers, but also for determining the availability 
of the nitrogen in humus derived from different soils.

ACCURACY IN TAKING AND PREPARING MIXED 
FERTILIZER SAMPLES.

B y F . B. P o r t e r .

The importance of accuracy in taking and preparing 
samples of fertilizer material is often well understood 
b y  those having charge of such work. I t  does not, 
however, alw ays follow that the sample analyzed in 
the laboratory is a correct one.

The following tables, I and II, give an idea of the 
lack  of agreement in analyses of mixed fertilizers.

Table I  gives differences in analyses on samples 
put up in pint jars b y  this laboratory and sent to the 
laboratory “ A ”  after taking out a four-ounce bottle 
sample w ithout previous grinding.

Table II  gives differences in analyses on the same 
shipment of goods, sampled and analyzed before ship
ment at this plant and a t destination b y  the S tate to 
which it was sent. A ll of the above materials passed 
a 3-inesh screen before sampling. Samples in Table II 
were taken a t this plant with a three-foot trier from 
at least 10 per cent, of the bags giving a sample weigh
ing one pound, or over. This was quartered down to 
about 85 grams and then ground to pass a 20-mesh 
screen. Most State inspectors take their samples 
in the same general w ay and it is doubtful if any reduce 
the size of the particles in the one-pound samples be
fore quartering as the work here reported indicates 
should be done. The above tables show greater 
discrepancy than can be accounted for b y  laboratory 
errors and it will be noted by com paring the two, 
that the differences increase where the sam pling is by 
different parties, as in the case of Table II.

A  glance at the various official methods for sam pling 
will help very little in reducing these differences, in 
fact, none of them give complete and definite directions 
for sample preparation. The official directions of the

1 Bull. 221, N. J .  E xper. S ta tio n , p, 23 .
2 Voorhees and  Lipm an, "E xperim en ts on th e  U tilisa tion  of N itrogen 

in  Fertilizer M aterials," T h i s  J o u r n a l ,  1, 3 9 7  (1 9 0 9 ).
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A. 0 . A . C. sim ply require the fertilizer to pass a sieve 
with 1 mm. diameter perforation.1 The official direc
tions of the International Congress of Applied Chemis
try only specify the number of packages or buckets to be 
sampled, require crushing to size of a hazel-nut and 
require the sample sent to laboratory to weigh 300 
gram s.2 The method of the French Experim ent Station 
merely requires -the reduction to a coarse powder before

general principles upon which to base such judgment. 
An occasional double sampling of the same lot of goods 
has been the only foundation for some of the sam pling 
systems in use. The prevalent general idea has been 
that the larger the sample and the smaller the in
dividual pieces in it, the more accurate it would be. 
Mr. B ailey has put this into a more definite form origi
nating the new term “ Size-W eight-Per Cent.,”  and

T a b l e  I .—A n a l y s e s  M a d e  o n  S a m e  P in t  J a r  S a m p l e  b y  D i f f e r e n t  L a b o r a t o r ie s — S e a s o n  1908-1909.

B rands.
L ab o ra to ry .

T o ta l phos. acid . A vail, phos. acid . A m m onia. Po tash .

A B. Diff. A. B. Diff. A. B. Diff. . A. B. Diff.
9 -3 -2 ............................. 11.72 11.80 0.08 9.21 9 .82 0.61 3 .02 3 .07 0 .05 2 .46 2.58 0.12
9 -2 -1 ............................. 11.69 11 .43 0 .26 9.85 9.83 0.02 2.10 2 .1 8  r 0 .08 1.48 1.48 0.00

10- 2-2 ............................. 12.79 12.30 0 .49 10.79 10.45 0.34 2.10 2 .23 0.13 2 .48 2 .58 0.10
10-0 -4 ............................. 12.14 12.10 0.04 10.59 10.95 0 .36 4 .43 4 .64 0.21
10- 0-2 ............. ............... 12.14 12.45 0.31 10.26 11.12 0.86 2.39 2 .56 0.17
8- 2-2 ............................. 10.40 10.25 0 .15 8.57 8.55 0.02 2.21 2.18 0.03 2.13 2 .42 0 .29
8 -4 -4 ............................. l i : 4 9 11.18 0.31 8.83 8 .13 0 .70 4 .02 4 .2 0 0.18 5 .51 4 .5 0 1.01
8- 2-2 ............................. 10.34 10.25 0.09 8 .43 8.55 0.12 2.21 2 .18 0.03 2.05 2.42 0 .37

A verage difference, 0.22 0 .38 0.08 0 .2 8

S e a s o n  1907-1908.
9 -3 -2 ............................. 11.82 11.65 0.17 9.21 9.05 0.16 3 .35 3 .5 0 0 .15 2.15 2 .32 0 .17
9 -2 -1 ............................. 11.62 11.65 0.03 9 .46 9 .62 0 .16 2 .46 2.28 0.18 1.25 1.06 0 .19

10- 2-2 ............................. 12.59 12.30 0.29 10.61 10.05 0 .56 2.56 2.43 0.13 2.12 2 .40 0 .28
10-0 -4 ............................. 11.73 11.78 0.05 10.60 10.58 0.02 3 .92 4 .1 0 0 .18
10- 0-2 ............................. 11.85 12.05 0.20 10.48 10.90 0.42 1.89 2.38 0 .49
8- 2-2 ............................. 10.51 10.00 0.51 8.62 8 .15 0 .47 2 .3 0 2.01 0 .29 2 .16 2.72 0 .56
8 -4 -4 ............................. 11.28 11.10 0.18 8.02 8.15 0 .13 4 .0 4 4 .2 6 0.22 4.65 4 .44 0.21
8- 2-2 ............................. 10.53 10.00 0.53 8.71 8 .15 0 .56 2 .26 2.01 0.25 2.20 2 .72 0 .52

Average difference. 0 .24 0.31 0.20 0.32

mixing and taking the final sample.3 The International 
Commission merely requires mixing and attention to 
moisture changes.4 The German method requires 
the sample to weigh 2 kg. and to be sifted if possible, 
and m ixed.5 There is very little in any of the above 
that is of value in judging the accuracy of sampling

for coal given figures which will enable any one to 
take and prepare a  sample on which the error in ash 
determination will not be more than 1 per cent.

The attem pt in this paper will be to give similar 
figures for use in sampling commercial fertilizer. In  
the case of fertilizer there are as high as three constitu-

T a b l e  I I . — A n a l y s e s  o k  S a m e  S h ip m e n t -s a m p l in g  a n d  A n a l y s is  b y  D i f f e r e n t  P a r t i e s .

T otal phos. acid. Avail, phos. acid. A mmonia. Potash .

A  C D A  C D A C D A C D
Lab. No. B rand. L aboratory. or E. B. Diff. or E. B. Diff. o r E. B. Diff. or E. B. Diff.

1258 8- 2-2 C 9.60 10.18 0 .58 9.22 9 .75 0 .53 2 .36 2 .24 0.12 2 .75 2 .08 0 .63
1259 8- 2-2 C 8.70 9 .45 0.75 8.25 9.07 0 .82 2.71 2 .50 0.21 2 .26 1.91 0 .35
1260 8- 2-2 C 9.35 8 .95 0 .4 0 8.66 8.55 0 .11 2 .18 2 .50 0 .32 1.50 1.17 0.37
1261 9-2-1 C 9 .00 9 .90 0 .90 8.57 9.32 0.75 2.45 2 .34 0 .11 1.60 1.03 0.57
418 9-2-1 C 9 .65 10.75 1.10 9.11 10.02 0.91 1.75 1.92 0.17 2 .11 1 .42 0.69
728 10-0-4 D 9.32 9 .90 0.58 3 .02 2.22 0 .8 0
584 8 .7 5 -2 - 2 D 10.28 9 .58 0.70 9.81 8.95 0.86 2 .30 2.43 0.13 1.40 1.67 0 .27
585 10- 0-2 D 11.02 10.93 0 .09 10.66 10.35 0.31 1.62 2.01 0.39

1422 8-4 -4 A 10.94 10.73 0.21 9.17 9 .38 0.21 3.13 3.62 0.49 2.86 4 .1 4 1.28
1423 8- 2-2 A 10.13 9 .05 1.08 9.75 8 .52 1.23 1.42 1.86 0.44 1.50 1.93 0.43
8.87 13-0-4 E 11.75 13.20 1.45 --- 4 .03 3.51 0 .52
1068 10- 2-2 E 10.80 10.30 0 .50 1.86 1.74 0.12 1.52 1.39 0 .13
1256 9 -3 -2  E  

Average difference, 0.65

9 .50 8.43 1.07

0 .78

2 .83 2 .99 0 .16

0 .25

1.34 1.46 0.12

0 .54

and sample preparation. A s Dr. W iley says, the 
m atter of correct sampling is left principally to the 
judgm ent of the one in charge.0

Mr. B ailey ’s article on “ Accuracy in Sampling 
C oal” 7 was practically the first attem pt to set forth

1 B u reau  of Chem., CJ. S. D ept, of Agr., B ulletin  107, p. 1.
2 W iley’s “ Principles and  P ractice of A gricultural A nalysis," Vol. 2, 

p. 16, 2nd E dition.
8 Ibid., p. 17.
* Ib id ., p. 20.
ß Ibid., p. 21.
a Ibid., p. 17.
7 T h i s  J o u r n a l ,  1 ,  163.

ents on each of which the money consideration .on i 
per cent, in a ton is over 10 times as great as in the 
case of ash in coal. The fact that goods are pul
verized to pass a 2- to 5-mesh screen before shipping 
makes the sampling less difficult but does not m ake 
it as easy as has been supposed. The laboratory 
lim it of error is necessarily quite high, making it difficult 
to determine where its effect stops and where the samp
ling error begins.

To determine whether the size-weight-per cent, is 
the controlling factor in fertilizer sampling and to
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obtain figures that will enable us to sample any lot 
of fertilizer with a known degree of accuracy, the 
following experimental work was undertaken: A  m ix-' 
ture was made of

5 lbs. 5\% m uriate  potash
25 "  \6% acid phosphate
20 "  10.5£ tankage

A ll of these materials had passed a 3-mesh screen
and had been rejected on a 4 1/2-mesh screen. This

Average weight of sam ple gms. Composite. 
W t. largest partic le  in gram s 0.0000047
Sieve through  which passed-. ..................
“ Size-weigh t-per c e n t”   0.00012
G round to  pass...........................  80m. *

4 .42
4 .46  
4 .4 0  
4 .37
4 .44
4 .42
4 .46
4 .44
4 .42  
4 .48

T a b l e  I I I . -

0.00034

0.0085
20m.
4 .48
4 .27
4 .27
4.31
4 .27  
4 .5 4  
3 .9 0  
4 .16  
4 .35
4.31

remaining part of the 25-pound sample was quartered 
to 150 grams 10 times and these 10 samples combined 
and ground to pass a  20-mesh sieve. I t  was found 
that the lighter materials in this sample separated out, 
as sometimes happens in fertilizers, so one-half of it 
was ground to pass an 80-mesh sieve and this latter 
sample was used to determine the correct analysis 
of the original 50 pounds. The analyses of the 20-

R e s u l t s  o p  A m m o n ia  D e t e r m i n a t i o n s .

A verage....................................... 4 .34
M axim um  error from  4 .43 ............  0 .06
E rro r of average from 4 .43..........  0 .0 0
Probable  error calc ..........................  0 .02
Possible error ca lc   .......................  0.123

4 .2 9
0 .39
0 .14
0.155
0.886

■. 74.4 36 84.2 17.8 35 .2 18.2 105.9 50 .6 24.7
0.0067 0.0067 0.250 0.0067 0.250 0.250 0.2764 0.2764 0.27648m. 8m. 4 1/2m. 8m. 4 1/ 2m. 4 y 2m. 3m. 3m. 3m.
0.0045 0.0093 0.0143 0.0188 0.355 0.068 0.131 0.273 0.56
80m. 80m. 80m. 80m. 80m. 80m. 80m. 80m. 80m.
4 .52 4.61 4 .65 4 .35 4 .8 4 4 .8 0 4 .4 6 4 .65 4 .2 9
4 .44 4 .5 0 4 .26 . 4 .58 4 .63 4 .63 4 .7 6 4 .2 6 4 .8 4
4.41 4 .56 4 .3 9 4 .61 4 .37 4 .4 8 4 .32 4 .1 8 4.86
4.41 4 .5 0 4 .44 4 .8 4 4 .48 4 .4 4 4 .0 0 4 .73 4 .7 6
4 .35 4 .4 6 4 .52 4.54 4 .63 4 .2 2 4.13 4.18 4 .5 6

4 .3 5
4.15
4 .15  
4 .53  
4 .2 4

4 .1 2
4.12  
4 .2 4  
4 .7 8  
4 .65

4 .5 0
4 .23
3 .97
4 .2 9
4.18

4.43 4 .52 4.46 4 .5 8 4.59 4.51 4 .31 4 .3 9 4.45
0 .09 0.09 0.20 0.41 0.41 0.37 0.43 0 .35 0 .46
0.00 0 .18 0.03 0.15 0 .16 0.08 0.12 0.04 0.02
0.042 0.083 0.099 0.166 0.173 0.159 0.175 0.187 0.228
0.238 0.470 0.565 0.943 0.966 0.910 0.996 1.065 1.17

makes an extrem e case on all three ingredients, which 
would seldom if ever occur in practice, but which 
does often obtain to a large extent on one or more in
gredients. The above m ixture was quartered once 
and one-half set aside as a reserve portion. The 
other half was quartered down to about 100 grams 
and this placed in a bottle. The second half from 
the last quartering was quartered and a 50-gram 
sample saved; likewise a 25-gram sample was obtained 
and the remaining 25 grams returned to the original.

mesh portions have been included in the tables as an 
illustration of other factors which, m ay influence the 
results.

In the following tables the probable and possible 
errors are calculated from the following formulas:

Probable error =  0.6745 I S v 2 
\  N — i

errorPossible
t

once in 10,000 3-84 J
i,iß

Y  N -
T a b l e  I V .— R e s u l t s  o f  T o t a l  P h o s p h o r ic  A c id  D e t e r m i n a t i o n s .

Average w t. sam ple g ram s................ Composite. Composite. 74.4
W t. largest partic le  in  gram s. 0.00001 0.008 0.028
Sieve th rough which passed .......... 8m.
“ Size-weigh t-per cent.*’................... 0.00025 0.020 0.0086
G round  to  p a ss . .................................. SOin. 20m. 80in.

12.80 12.68 12.45
12.65 12,78 12.65
12.63 12.80 12.50
12.78 12.70 12.43
12.60 12.73 12.68
12.55 12.64 12,85
12.65 12.63 12.83
12.70 12.75 12.75
12.63 12.68 12.75
12.63 12.78 12.80

A verage......................................... 12.71 12.67
M axim um  error from 12.66............ . 0 . 1 4 0 .14 0 .23
E rro r  of average from  12.66. ......... ... 0.00 0 .05 0.01
Probable error calc ........................... . . .  0.0523 0.0573 0.1063
Possible e rror ca lc .............................. . . .  0 .298 0.326 0.408

36
0.0128

8m.
0.1780
80m.
12.58
12.58 
12.65 
12 .6 8  
12.70

.63
OS
03

.041
234

84.2 17.8 35 .2 18.2 105.9 50 .6 24 .7
0 .040  . 0.0128 0 .4 0 0.040 0.4607 0.4607 0.4607
4V2m. Sm. 4 1/tm . 41/jm . 3m. 3m. 3m.
0.0237 0.035 0.055 0.11 0.217 0.455 0.935

80m. 80m. 80m. 80m. 80m. 80m. 80m.
12.50 12.78 12.30 12.20 12.70 12.63 12.45
12.60 12.83 12.38 12.30 12.55 12.85 12.35
12.40 12.68 12.40 12.28 12.08 12.30 12.35
12.53 12.65 12.58 12.60 11.98 11.75 11.98
12.53 12.80 12.85 12.75 12.45 12.40 11.93
12.85 12.72 12.50 13.05 12.75
12.65 13.06 12.15 12.75 12.68
12.68 12.78 12.33 12.45 12.45
12.75 12.76 12.00 12.73 11.93
12.90 13.04 12.50 11.85 . 12.13

12.64 12.81 12.50 12,43 12.32 12.48 12.30
0 .26 0 .4 0 0.36 0 .46 0.66 0.91 1.73
0.02 0.15 0.16 0.23 0.34 0 .18 0.36
0.1083 0 . 149 0.190 0.2380 0.294 0.312 0.326
0.417 0.850 1.082 1.355 1.676 1.780 1.858

This process was repeated 10 times, giving 30 samples. 
The remainder of the original 25 pounds was then 
crushed to pass a 4 '/ 2-mesh screen and the same 
process carried out five times, giving 15 samples 
The large sample was again crushed and passed 
through an 8-mesh screen and quartered down five 
times as before, making a total of 60 samples. The

in which S i '2 equals the sum of the squares of the in
dividual errors and N is the number of tests from which 
the errors are taken.

To determine the sizes of the particles used in these 
tables, curves were located b y  plotting the mean 
of the linear dimensions of the opening in two screens 
and the weights of the average particle rejected by
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one screen and passed by the other of these same 
screens. Then from these curves the weight of the 
largest particle passing any screen was read off, using 
the side of the opening in the given screen. The 
size-weight-per cent, was calculated as follows: Size-

waight of largest particle X 100 
weight-per cent. =  -

2 X weight of sample 
O m itting the 20-mesh composite sample, the in

T a b l e  V.— R e s u l t s  o f  P o t a s h  D e t e r m i n a t i o n s .

enough toward the origin of the curve to give us, 
with reasonable accuracy, the point S on curve No. 2, 
sheet 1, which will be used later. I t  is likely that a 
larger number of samples would have brought all th e - 
points much nearer the curve.

In the case of potash, the irregularities were of 
more serious character, the average being below 
in several cases. Two possible reasons for this were

Average w t. sam ple g ram s.......... Composite. 74.4 36 84.2 17.8 35.2 18.2 105.9 50 .6 24.7

W t. largest partic le  in g ra m s .. . , 0.00001 0.0008 0.0121 0.0121 0.029 0.0121 0.029 0.029 0.2937 Q..2937 0 .2937

Sieve through which p a sse d .. .  . 8m. 8m. 4 l/201. 8m. 4 ,/ 2m. 41/am. 3m. 3m. 3m.
0.004 0.0082 0.0168 0.172 0.034 0.0412 0.079 0.138 0.290 0 .5 9 5

G round to  p ass ............................... 20in. 80m. 80m. 80m. 80m. 80m. 80m. 80m. 80m. 80m.

4 .42 4 .23 4.59 4 .56 4.11 4 .4 0 4 .5 6 3 .96 4 .27 4 .24 5 .8 8
4 .48 4 .35 4.49 4 .65 3.91 4.21 4 .62 4 .2 9 4 .18 3 .7 4 3.65
4.53 4 .38 4 .49 4.35 4 .42 4 .57 4 .87 4 .63 4 .46 4 .22 3 .87
4 .66 4 .37 4 .68 4.51 4.31 5.15 4 .32 4 .0 9 5 .28 4 .76 5 .0 3
4 .56 4 .25 4.41 4 .4 Î 4 .27 4 .19 4 .08 4 .43 4 .7 0 4.71 5 .4 0
4 .3 0 4.21 4 .33 4.19 3 .1 4
4 .5 9 4 .3 0 4 .87 5.11 5 .07
4 .37 4 .34 4 .92 4 .58 4 .97
4 .47 4.25 4.67 4 .8 0 4 .9 6
4 .32 4.41 4.05 4 .5 4 4 .7 4

A verage.............. .......................... ............4 .47 4 .32 4 .59 4 .49 4 .2 0 4 .5 0 4 .4 9 4.28 4.57 4 .4 9 4 .67

M axim um  error from  4 .4 7 .. . . .............  0 .19 0 .26 0.21 0 .18 0.56 0.68 0 .40 0.51 0.81 0.73 1.41

E rro r of aver, from  4.47........ .............. 0.00 0.15 0.12 0.02 0.27 0 .03 0.02 0 .19 0.10 0.02 0.20

Probable e rror calc................... ..............0 .08 0.124 0.085 0 .08 0.266 0.20 0.22 0.27 0.27 0 .5 9

Possible e rror ca lc ..................... ..............0.45 0.706 0.482 0.47 1.59 1.51 1.16 1.25 1.53 1.52 3 .3 6

gredients of which separated in the bottle as noted 
above, there are but two of the possible error figures 
which do not fall on the curve No. 1, sheet 1. These 
figures would probably fall on the curve had they been 
calculated from ten or twenty determinations instead 
of five.

In addition to figures in Table IV  on total phosphoric 
acid, the possible error was also calculated for avail-

Average w t. sam ple g ram s.
W t. largest partic le  in gram s 
Sieve through  which passed 
“ Size-weight-per*cent.”  . . .
G round to  p a ss ......................

1
2
3
4
5
6
7
8 
9

10

A verage  ............................

M axim um error f ro m .. . .  5 .32  
E rro r of average f ro m .. .  5 .32
Probable e r r o r ...................
Possible e rro r .....................

laboratory error in the insoluble, the results were not 
uniform.

Considerable irregularity of results was found on 
total phosphoric acid at first, but on making up three 
second sets of samples from the reserve 25 pounds, 
the possible error figures became uniform down far

suggested. Either that the moisture from the acid 
phosphate and air dissolved potash from the crystals 
and this solution was lost on the sampling cloth, or 
that in some sets of samples the potash was “ retained” 1 
more than in others.

A  second set of samples was therefore made up using 
dry, fine sand in place of the tankage and acid phos
phate used above, care being taken not to handle these

T a b l e  V I.-— R e s u l t s  o n P o t a s h in  S a n d  M ix t u r e .

86.7 41.5 84.7 21.2 40 .2 20.5 98.1 48 •2 3 .4

0.00001 0.0121 0.0121 0.029 0.0121 0.029 0.029 0.2937 0.2937 0.2937
8m. 8m. 4*/2m * 3m. 4 ł/2>n- 4 l/2tn. 3m. 3m. 3m.

0.0070 0.146 0.171 0.0286 0.0365 0.0707 0.149 0.306 0.626

60m. 60m. 60m. 60m. 60m. 60m. 60in. 60m. 60m. 60m.

5 .18 4 .92 5.09 4 .3 9 4.74 6.53 4 .6 6 3 .83 4 .35 7 .75

5.31 5.31 4.77 4 .16 4 .73 4.06 4 .7 2 3.14 3.92 5 .2 6

5.21 5.65 6 .04 4 .46 7.09 5.18 4.61 4.13 5 .66 5 .15

5.35 5 .16 4 .93 4 .6 9 4 .84 5.47 4.61 4 .84 4 .86 3 .58

5 .39 5.59 5.98 4 .59 6.85 4.94 4.87 4 .26 4 .55 7.57

5.33 5.12 5.92 5.25 4.67 4 .4 9 5 .57 4 .78 5 .07 4 .8 2

5 .35 5 .18 5.47 5 .13 5 .44 5 .28 5 .3 0 4 .88 6.00 5 .67

5.33 5.55 6 .29 4 .8 9 5 .42 5 .88 3 .5 6 3 .69 4 .99 6 .32

5 .38 5.31 6.10 5 .24 5.71 5 .96 4 .57 4 .64 4 .5 6 3 .4 9

5 .37 4 .83 ' 5 .14 4 .97 5 .16 5.31 6.14 3.69 4.87 5 .56

5 .32 5.27 5.57 4 .78 5.22 5 .3 Î 4 .8 6 4 .19 4 .88 5 .52

0.00 0.49 0 .97 1.16 1.77 1.26 1 .76 2.18 1.40 2.43

"  0 .14 0.05 0.25 0 .54 0.10 0.01 0.46 Spoiled by 0.44 0.20

0.047 0.191 0.416 0.462 0.594 0.484 0.559 m echanical 0.507 0.973

0.23 0.945 2.06 2.28 2.94 2.40 2.77 losses. 2.53 5 .54

troduction of the second samples when the relative hum idity in the room was
above 75% . Following are the results on this test.

It was found that, while this avoided the difficulties 
above mentioned, it was very difficult to grind and 
sift these samples without loss into the air, of very 
fine particles of potash. Because of inattention to

1 T h i s  J o u r n a l ,  M a y , 1909 .
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this detail, the results on the 3-mesh 100-gram samples 
were made valueless and have been omitted from the 
curve. The possible errors in the last set of figures, 
Table V I, are much higher than 011 the fertilizer, 
Table V. If, however, b y  simple proportion, a calcula
tion is made as to w hat error to expect from the con
centration of the materials used, using the ammonia 
results as the basis, the results from the sand sample 
will be found to agree closely w ith the calculated 
figures. The following table illustrates this point, 
all the figures being on the 3-mesh 25-gram samples.

T a b l e  V II.
Possible 
error cal

cu lated  
from  the 

am m onia 
figure.M aterial used. 

Tankage.
A cid phosphate. 
Mur. po t. in fert. 
M ur. pot. in sand.

C oncentration 
of ingredients 

tested  for 
!0 .5  per cent, am m onia

Possible
error

found.
1.17

17.0 per cent. to t. phos. acid 1.86
5 1 .0  per cent, potash  3 .3 6
5 1 .0  per cent, potash 5 .54 }

1.89

5 .69

The writer believes that the low possible errors 
in potash on fertilizers are due to the solution of 
potash in the acid phosphate and tankage moisture, 
m aking it not a case of sampling a m ixture of 51 per 
cent, crystals, acid phosphate and tankage, but rather 
m ixture of crystals reduced in size by solution and 
acid phosphate and tankage carrying potash dissolved 
in their moisture contents.

Such action as this would not be likely to go on to 
the same extent in each of the 60 samples above and 
would possibly account for some of the irregularities 
in the results obtained on potash in the fertilizer. I t  
has been evident throughout the work, however, that 
a large part of the irregularities disappear as the 
number of samples is increased.

The above results can be p ut into a more convenient 
and practical form b y  deciding w hat possible and 
probable error can rightly be allowed to the process 
of sampling and then determine the w* ight of sample 
necessary from any sieve to give that result. I t  is 
desirable to restrict the possible error due to sampling 
to 0.50 per cent, with the corresponding probable 
error of 0.0S8 per cent. This added to the possible 
error found on the 80 m. composite sample which we 
have taken as the laboratory lim it gives the following 
figures. A n average of the two laboratory lim it 
figures has been taken on the potash work.

T a ijl b  V III .
Allowable Correspond

possible ing  size-
error. weight-

P er cent. per cent.
T ankage (am m onia) 0.633 0.02
A cid phosphate (phos. acid) 0 .8 0 0.03
M uriate of pot. in fe rt. (potash) 0 .8 0 0.03
M uriate of po t. in sand  (potash) 0 .8 0 0.005

These possible error figures give the points on the 
curves, sheet 1, marked S and from them the cor
responding size-weight-per cents, given above were read 
off. Calculating the weight of sample for the different
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mesh screens, using these size-weight-per cents, and the 
weight of the largest particles for the screens, we have:

T a b l e  IX .
Gram s of fertilizer sam ple necessary to give 0.50 

per cent, sam pling possible error.

Size of On potash
opening in Mesh of On and  phos. acid On potash

screen. screen. am m onia. in fert. in sand.
0.253 3 1382 1535 5874
0.142 4 .5 125 133 580
0.107 8 34 43 242
0.033 20 1.13 2 .56 13
0.170 4 290 310 800

Plotting these grams of samples and dimensions 
of openings in screens gives the curves on sheet No. 2 
from  which the weight of sample for any screen can be 
determined if the dimensions of openings in the screen 
are known. In this w ay, the above figures for 4-mesh 
screen were obtained.

The taking and preparing larger samples of course 
means more work. In view  of this fact, it  does not 
seem advisable to take samples as large as indicated 
b y  the potash and sand results, Table V I , except 
perhaps in special cases. This is especially true until 
such a time as such figures as are given in Table V I  
have been obtained on commercial fertilizer m ix
tures.

In conclusion, the following points are noted:
1. Discrepancies in the analyses of the same ship

ment are much greater than they should be.
2. Discrepancies are largely due to sampling as 

shown by a comparison of averages on Tables I and II 
and as shown by the errors from the averages on 
Tables III , IV , and V.
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3. Possible error increases w ith the size-weight- 
per cent., giving a fairly uniform curve. Irregularities 
are the greatest in case of potash.

4. The possible error seems to increase in simple 
proportion w ith .the percentage of the ingredient 
analyzed for in the material used to furnish that 
ingredient, provided there is not some factor which 
modifies this.

5. For a chosen degree of sampling accuracy the 
weight of sample required on goods from any known 
mesh or screen can be determined.

6. For a possible sampling error of 0.50 per cent, on 
fertilizer from a 3-mesh screen, a sample weighing 
1535 grams (3 ‘/2 pounds) should be taken and passed 
through a finer mesh sieve before quartering. Sub
sequent handling should be kept within the bounds 
indicated by sheet 2 and Table IX . These are the 
points at which most present fertilizer sampling systems 
are weak.

7. Strict adherence to the above suggestions will 
not obviate the difficulties due to imperfectly mixed 
goods, but given well-mixed goods and inspectors who 
will correctly take and prepare samples as indicated 
by the size-weight-per cent, figures given, the writer 
is confident that the wide variations so common 
to-day will disappear.

This work has been done under certain limitations, 
especially as to time, and it is hoped that some one 
will take up, confirm, and complete it. The behavior 
of potash seems to especially invite further attention.

C h e m i c a l  L a b o r a t o r y .
S w i f t  F e r t i l i z e r  W o p ’t<1.

A t l a n t a , Ga 3

ADDRESSES.

THE COST OF AVAILABLE NITROGEN."
B y  D r . E d w a r d  B .  V o o r h e e s .

The use of commercial fertilizers has been one of the most 
important factors in the development of the farming interests 
in this country. The present annual consumption is, as near 
as can be estimated, 5,000,000 tons which, at an average cost 
of $2 9 . 0 0  per ton, makes a total expenditure of $145,000,000. 
This great quantity of fertilizer is being used for increasing 
the crops of grain, hay, potatoes, fruits and market garden 
crops. The money is expended for nitrogen, phosphoric acid 
and potash, and notwithstanding the claims made for superior 
brands and special formulas, the returns are due to the actual 
amounts of nitrogen, phosphoric acid and potash that these 
crops are able to obtain from the total in the fertilizers used.

The value of the increased crops made from the use of any 
one or more of these constituents is, however, measured both 
by the amount that the crop obtained, and the character of 
the crop obtaining it. A pound of nitrogen, phosphoric acid 
or potash, when used in making a crop of celery, or of asparagus, 
or of fruit, would be worth more than if used in making a crop 
of wheat, rye, or hay; furthermore, the value of the user of the 
nitrogen or other constituents bought in a fertilizer, is measured 
both by the amount that the immediate crop is able to obtain, 
and the proportionate amount of the total that would eventually 
be gathered.

Of the sum annually paid for the three constituents, nitrogen, 
phosphoric acid and potash, about 40 per cent, is paid 
for nitrogen, which is the only one of the three essential 
elements that is likely to suffer any considerable loss in use, 
as the experiments conducted along this line show, on the 
average, not more than 70 per cent, of the quantities applied, 
even in the best forms, is recovered in the crops.

The case is different with phosphoric acid and potash; these 
are not subject to serious losses, under good methods of soil 
management. Practically, these constituents remain in the 
soil until they are taken out by plants.

From the standpoint of crop, it is evident that the utilization 
of nitrogen is a much more important matter than the use of 
phosphoric acid and potash, although the further fact that a 
pound of nitrogen, capable of being used in a  commercial fer
tilizer, and without regard to form, costs from four to five 
times as much as a pound of “ available”  phosphoric acid or 
of potash, is an additional argument in favor of greater care 
in its purchase and use.

Nitrogen as nitrate is the only commercial form soluble in 
water, ready for immediate use by  most plants; nitrogen as 
ammonia is also a form soluble in water, but it is less available 
than the nitrate. A pound of nitrate and a pound of ammonia, 
being definite chemical compounds, are quite as good from one 
source as another.

Organic forms of nitrogen have to decay first, changing to 
ammonia and then to nitrate, and are therefore less quickly 
available; besides, they vary in their rate of availability according 
to the source of supply and their physical character. Materials 
which, are likely to decay quickly, as dried blood, dried meat, 
dried fish and cottonsced meal, do show a  high rate of avail
ability, while forms like ground leather and ground peat show 
a very low rate of availability. A pound of organic nitrogen 
varies in availability, therefore, according to its source, whether 
derived from dried blood or peat, or from intermediate products.

Since nitrogenous materials are variable in their rate of 
availability, that is, the rate at which the nitrogen in them 
may be absorbed by the plant, the farmer desires to know the 
dependence that can be placed on the different materials; he

1 Delivered before th e  Division of Fertilizer Chem ists, B oston m eeting. 
American Chemical Society.
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wants available nitrogen. Hence, the chemical and physical 
characteristics of the various forms of nitrogen have been made 
the subject of every considerable study and investigation, 
in order that at least approximate values in respect to avail
ability may be attached to each form. Sufficient work has 
been done thus far to establish a pretty safe relationship between 
the nitrate, ammonia and organic nitrogen, in the form of dried 
blood. It has not been possible, yet, to investigate fully all 
of the various forms of organic nitrogen, so as to assign an 
exact value for the different materials.

The very extensive investigations conducted by Dr. Paul 
Wagner, at Darmstadt, Germany, show that for the crops 
tested by himself and others, namely, barley, oats, rye, wheat, 
mangels, sugar, beets and potatoes, there was returned in the 
harvest 62 parts of nitrate nitrogen for every hundred parts 
applied, 44 parts of ammonia nitrogen for every 100 parts 
applied, and 40 parts of organic nitrogen for every hundred 
parts applied as dried blood. In no case is the recovery equal 
to two-thirds of the nitrogen applied; besides, there are wide 
variations in the amount recovered in the different forms.

In 1898, plant nutrition experiments were begun at the 
New Jersey Station, one object of which was to study the “ rel
ative availability”  of these three forms of nitrogen, using 
a rotation of corn, oats, wheat and timothy; crops which, be
cause of their long periods of growth, would be likely to absorb 
relatively large proportions of organic nitrogen. The results 
of these experiments for two rotations (10 years) are reported 
in detail in Bulletin 2 2 1, and show that the recovery for 
nitrogen as nitrate was 62.09 parts per hundred, for the nitrogen 
as ammonia 43.26 parts per hundred, and for organic (dried 
blood nitrogen) 40 parts per hundred. These results agree 
almost exactly with those obtained by Dr. Wagner and his 
associates. With the returns from nitrate, the highest recovery 
regarded as 100, the relative availability of the nitrogen as 
ammonia would be 69.7 and of nitrogen as dried blood 64.4.

These figures possess a very great practical significance as 
they have a direct bearing upon the economical purchase and 
use of the nitrogen contained in the fertilizers now offered upon 
the market.

Commercial conditions fix the price of the various nitrog
enous materials, and the cost to the farmer of any one form is 
not measured by its usefulness to him, but by the cost in the 
market; that is, there is no strict relationship between com
mercial and agricultural values.

It happens that at the present time, a pound of nitrogen 
in the form of nitrate or of ammonia costs the farmer less than 
a pound of organic nitrogen; that is, the nitrogen possessing the 
highest rate of availability as nitrate is less expensive to him 
than dried blood nitrogen, or even that derived from low-grade 
nitrogenous materials, which do not possess any definite rate, 
and which must, on the average, show a much lower rate of 
availability than dried blood, because the mixtures contain 
nitrogen derived from many sources, not uniform in their content 
of nitrogen or in their physical character or constitution.

Garbage tankage and tanned leather scraps, for example, 
are used in large quantities, some of the larger eastern fertilizer 
factories using several thousand tons per year. The nitrogen 
in these products is admittedly much less available than is that 
in dried blood, and its cost to the manufacturers is, according 
to present quotations, but little more than one-half as high.

The Experiment Station has since its establishment consist
ently urged the farmers, in their purchase of fertilizers, to be 
guided not only by the quantities of the constituents present 
in the mixture offered, but also by the kind that is used in them, 
pointing out the importance of selecting brands which contain 
high percentages of available plant-food, more especially of 
nitrogen, because of its relatively greater importance, or its 
higher cost. The results obtained in the investigations reported

in Bulletin 221 emphasize very strongly the wisdom of 
such advice in reference to the expensive and elusive element, 
nitrogen.

A  concrete example will make clearer- the economic phases 
of the question. The analysis of the various brands sold in 
the State in 1909, and reported herewith, shows 2.57 per cent, 
of total nitrogen, divided as follows:

N itra te ..................... 0.48 per cent., o r 19 per cent, of the  total.
A m m onia ................  0.77 '* “ 30 “ "  ”
O rg a n ic    1.32 " “  51 “

Assuming that the forms of organic nitrogen used in these 
brands were as good as dried blood, it would require 1.55 pounds 
of the nitrogen to furnish as much “ available”  nitrogen as is 
contained in one pound of the nitrate nitrogen, and 1.43 lbs. 
of the ammonia nitrogen to furnish as much “ available”  ni
trogen as is contained in one pound of the nitrate nitrogen. 
Yet, because of commercial conditions, the farmer paid a higher 
price per pound for his organic nitrogen than he paid for his 
nitrate and his ammonia nitrogen; using the same relations 
that exist in the commercial cost of nitrogen, the actual prices 
paid were, for organic nitrogen 26.52 cents per pound, ammonia 
nitrogen 23.73 cents and nitrate nitrogen 23 cents. A t these 
prices, the nitrogen purchased in that year cost $1,157,400. 
If, however, the returns from the different forms of nitrogen 
were in the same proportion, as indicated in the experiments, 
which must be admitted to be relatively correct for nitrate and 
ammonia, and assuming that the organic was as good as that 
in dried blood, the cost of the “ available”  nitrogen in the three 
forms actually was

For o rgan ic ...............................................................  41.12 cts. per lb.
For am m onia ........................................................... 34.04 ’*
Foi n i t ia te ..................................................   23.00 “

while the farmer should have paid, on the basis of availability,
F or o rg an ic .............................................................. 14.81 cts. per lb.
For am m o n ia ..........................................   16.03 ’*
For n itr a te ...............................................................  23.00 "

and a saving of $383,940 would have been effected. If, there
fore, instead of buying organic and ammonia nitrogen, nitrate 
only had been purchased, the same gain in crop from the use 
of the nitrogen could have been purchased for $773,460 instead 
of $1,157,400.

Assuming that practically the same relations existed for 
all the fertilizers made and sold in the whole country, this 
year, the actual cost of the nitrogen was over $60,000,000 while 
on the basis of available it should have cost but $43,000,000. 
It  may be argued that the availability of the organic nitrogen 
is greater in the warmer climates of the South, where the bulk 
of the fertilizer is used; this may be true, but is probably counter
balanced by the fact that a much larger proportion of the nitrogen 
used there is in organic forms. It  is a fact, too, that the present 
high cost of cottonseed meal has encouraged a larger use of the 
tankages and other lower grade nitrogenous products.

The point of importance, therefore, is the price that is paid 
for the organic forms. In the above discussion, it has been 
assumed that the organic nitrogen contained in the fertilizers 
has been derived from dried blood, or from other materials 
quite as good. As a matter of fact, however, dried blood does 
not constitute even a large proportion of the organic nitrogenous 
materials used, the bulk of the nitrogen being derived from 
products of a lower grade. Various kinds of meat and bone, 
tankage, dried fish, fish scrap, cottonseed meal, garbage tankage, 
leather meal and even peat are used to supplement products 
of the higher grade. These, while genuine nitrogen carriers, 
have been shown to have a wide range in availability, the 
leather and peat rating in availability as low as 4 in comparison 
with nitrate as 100.

It  may be urged, first, that these products possess a value 
as sources of nitrogen; and second, they are valuable as ab
sorbents and in improving the texture of mixtures containing
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nitrates, acid phosphate and potash salts, as mixtures of chem
icals only cannot be applied by machinery; and third, that proper 
conservation of natural resources demands that waste nitrog
enous materials should be utilized. The points are conceded. 
The Experiment Station does not discourage, but strongly 
encourages the utilization of waste products containing nitro
gen; it would be false to its duty to the farmers, however, if 
it did not clearly point out to them what is known of the relative 
agricultural value of such products. It is not solely a question 
of use, it is a question of cost. The cost to the farmer of a pound 
of nitrogen in these materials, of a value lower and more variable 
than the nitrate and ammonia, should be lower rather than 
higher than for nitrate or ammonia.

It is not economy to save refuse nitrogenous materials, if 
the cost of the nitrogen to the farmer is greater and his re
turns less than m ay be obtained by the use of nitrogen from 
materials of known value. Farmers have been and are now 
spending thousands of dollars for nitrogen for which they do 
not receive a proportionate return.

To the farmer, it is purely a business proposition. He buys 
nitrogen, in order that he may get a return in crop; if in one 
case 100 pounds of nitrogen contributes 60 pounds to the crops 
upon which it is applied and in another 100 pounds contributes 
but 40 pounds to the crops, the purchaser should not pay the 
same for the second as for the first, for if he did so he would 
pay 50 per cent, more per pound for his "available”  nitrogen; 
that is, if the cost of the first hundred pounds were $15, the 
second hundred should cost but Sio, when the basis of value 
s the amount available in each.

THE RELATION OF THE CHEMIST TO PROPRIETARY 
MEDICINES. 1

W . A. P u c k n e k , Secretary , Counci! on Pharm acy  and  C hem istry of the 
Am erican Medical Association.

That the composition of proprietary medicines differs widely 
from that which is claimed for them by their manufacturers 
or owners has been given wide publicity through the enforce
ment of the Pure Food and Drugs Act and the exposures which 
which have been published in the Journal of the American 
Medical Association’s Propaganda for reform in Proprietary 
Medicines. As a result of this publicity the public, and more 
particularly the medical profession, has become suspicious of 
statements made and is inclined to ask for evidence which will 
substantiate the promoter’s claims. This demand the manu
facturers (promoters, owners) have attempted to meet in two 
ways: the large firms have employed a staff of chemists and 
have advertised that their products are duly examined and 
tested before being offered for sale. The degree of credence which 
is given to the firm’s protestations of honesty and reliability 
has to no small extent depended on the professional standing 
of their chemists. While it is to be expected that the employees of 
a firm will incline to a high opinion of that firm’s products, 
the reports of analysis or examination vouched for by such 
chemists of reputation as A. R. L. Dohme, J. M. Francis, A. B. 
Lyons, C. E. Vanderkleed, and other chemists closely identified 
with progress in pharmaceutical chemistry are generally ac
cepted without question. This condition of affairs is satis
factory to all concerned but particularly so to chemists. As 
secretary of the Council on Pharmacy and Chemistry of the 
American Medical Association, I have had ample opportunity 
to see the increased reliance which is placed on the services 
of chemists. Formerly it was often quite evident that questions 
dealing with the chemistry of medicinal products had been 
decided by the office force without consulting with those who 
were competent to decide the points involved. To illustrate 
the lack of cooperation between the scientific departments of 

1 Delivered before th e  Division of Pharm aceutical Chem ists, Boston 
Meeting Am erican Chemical Society.

pharmaceutical manufacturing houses and the commercial 
end (evidently because the value of the scientific staff was 
not appreciated), it may be mentioned that a firm which had 
in its employ one of the chemists just referred to, offered to 
supply to the Council the structural formula of an iron protein 
compound of rather indefinite composition. To-day such 
questions are placed in the hands of those who are competent 
to decide them, the chemists. In this and in many other w ays 
it is plain that the manufacturer relies to a very large extent 
on the chemist to demonstrate the reliability of his wares.

While the large manufacturing houses thus rely on the chemists 
in their employ, many smaller concerns, often aptly called 
‘ ‘pseudo-chemical companies”  do not regularly employ chemists. 
Although there is no sharp line of demarcation, these establish
ments may be divided into two classes: those who belong to
one class,' though often not overly conversant with the products 
which they sell, are entirely honest and sincere, and submit 
their products to commercial chemists or “ professors of chem
istry”  for analysis in order to obtain certificates which will 
vouch for the quality of their goods.

Although there is a tendency to use a report of an analysis 
of a certain specimen of a product as an indication that all 
other lots of this product are of the same composition, and 
in this w ay to create a false impression, the employment of 
chemists to check the quality of medicinal products is to the 
best interest of all concerned. It  helps the dealer to sell his 
goods, it ensures to the buyer their quality and it has helped 
to bring about a more general appreciation of the value of the 
science of chemistry.

While the manufacturers of, or dealers in, proprietary prod
ucts just referred to, make use of the chemist in a perfectly 
legitimate way, this can not be said of all who are so engaged. 
A very large proportion of those engaged in the sale of proprietary 
medicines apparently believe that “ all is fair in love and w ar”  
in the exploitation of medicines, and who have regard for the 
truth only so long as the telling of it will help the sale of their 
goods. When these concerns seek the services of a chemist 
it is less with a view of learning the truth regarding their prod
ucts than to obtain good advertising copy. These concerns 
are willing to pay liberally for the right kind of a chemical 
analysis, that is, for a report which in its entirety or in part 
will look well in print. The way in which these concerns regard 
the chemist and his work is well brought out in an editorial 
which appeared in the The Druggists’ Circular (October, 1908). 
Here it is related how a chemist was approached with the re
quest to sign a  report of an analysis and to pocket the fee w ith
out going through (what appeared to the one who wanted the 
analysis) the useless formality of making any examination of 
the product referred to in the report submitted to the chemist 
for signature. While few chemists will be tempted by such 
crude efforts at bribery, not all are proof to a more refined 
invitation to certify to that which is not the truth. B y  this 
I refer to the temptation to make out a report which emphasizes 
all the good points of a product, to minimize or to omit all that 
is derogatory to it and in other ways to make the rc]>ort satis
factory to him who wants to use it in the exploitation of the 
remedy. When it is considered that the patronage of these 
concerns can be retained only by writing reports that will look 
well in print, it is not surprising that so many certificates of 
analysis give no material information in regard to the medicine 
which they are designed to advertise but can be used to create 
or perpetuate a wrong conception regarding the nature of the 
product.

If the report as a whole is not satisfactory, the exploiter of 
the proprietary medicine will of course not hesitate to use any 
part thereof which will make good advertising material even 
at the risk of utterly misrepresenting the actual findings of the 
chemist, as shown by the report.
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Since not only the reputation of the individual chemist, but 
also the reputation of chemists as a whole, will suffer through 
association with the exploiter of proprietary medicines as just 
described, I  deem it of interest to offer the following illustra
tions of the w ay in which chemists are used as a means of ex
ploiting a  medicine in a way which discredits our profession.

In the Journal of the American Medical Association (October 
13, 1906) the composition of a preparation known as Water- 
bury’s Metabolized Cod-liver Oil compound was discussed. 
It  was there stated that the product did not show any'fat globules 
under the microscope and that it was therefore not an emulsion, 
that it was acid in reaction and did not become turbid on the 
addition of strong acids and hence was not soap or a saponi
fication of fat, that it did not become turbid on dilution with 
water and hence could not contain more than traccs of a  fatty  
acid. In view of this evidence and because of confirmation 
by chemical examination it was stated that the preparation, 
although claimed to contain the product “ obtained by the action 
of fat-splitting ferments on cod-liver oil,”  represented no 
(or at most a mere trace of) cod-liver oil. In an attem pt to 
offset this damaging evidence the Waterbury Chemical Company 
published in the form of advertisements, a number of chemists 
“ reports of analysis”  which, more or less directly, denied the 
truth of the damaging report of the Journal of the American 
Medical Association. One advertisement purporting to be 
a  report signed by a  professor of chemistry in a  college of phar
m acy is rather indefinite and vague, but it  contains the phrase 
“ of course we know that the finished product contains met- 
abolin”  which, while meaningless, no doubt impressed many 
as some sort of a confirmation of the truthfulness of the claimed 
presence of “ metabolized cod-liver oil.”  Another advertise
ment bearing the fac-simile signature of a professor in a western 
university certified that the product contained the following 
imposing list of constituents without giving any quantities:

Maltose and Reducible Sugars; Oils and F atty  Acids; G ly
cerine-Alcohol-Acetone; Acids including Hypophosphoric, Phos
phoric, Tartaric, Acetic, Sulphuric and Hydrochloric; Proteids 
(soluble and of variable composition); Benzaldehyde very small 
quantity present; Bitter Principle, not Alkaloidal, vegetable 
character; Ferments— Enzymes, etc., including various Organized 
and Unorganized Ferments; Inorganic Salts, Iron, Sodium, 
Calcium; Further the report states that “ In the fats extracted 
there is present free fatty  acids, in which Palmitic, Stearic 
and Oleic Acids are identified."

While chemists will have no difficulty in assigning its real 
value to any report of an analysis which does not give quantities, 
physicians no doubt were duly impressed by the statement 
regarding the presence of a  large number of constituents in
cluding “ oils and fatty  acids.”

In a third advertisement the statement made in the Journal 
of the American Medical Association that the product when 
acidulated remained clear was definitely challenged. The 
advertisement appears to be a reproduction of an analytical 
report and shows the signer to be a doctor of medicine as well 
as a doctor of philosophy.

Recently (October 9, 1909) the chemical laboratory of the 
American Medical Association published a report of an analysis 
which confirmed the statements made in the Journal of the 
American Medical Association (October 13, 1906). The report 
shows that a  specimen of the preparation purchased in the open 
market contained probably not more than 0.1 per cent, and 
certainly not more than 0.3 per cent, of fatty  acids and that, 
for all practical purposes, it should be considered devoid of 
cod-liver oil. Since then the federal authorities have brought 
suit to confiscate a shipment of the Waterbury product, the 
charge being in the main that it contains no cod-liver oil and 
is therefore misbranded.

It  is thus seen that the certificates of chemists have been used

to aid in the sale of a fraudulent product. That this is con
trary to the best interests of the public, our profession and 
of the signers of the reports goes without saying. It  also is 
quite evident that the manufacturer of the product deliberately 
made use of the reports to misrepresent the facts. But it seems 
to me that the signers of the reports are not without blame 
since the misuse of chemists’ certificates tend to discredit the 
entire profession; and since the abuse is quite common I consider 
it m y duty to call attention to the matter by pointing out how 
far the signers of the reports were at fault or at least were in
judicious.

Granting that the particular specimen of the product which 
the signer of the first report examined did contain any appre
ciable amount of the products produced by the action of di
gestive ferments on cod-liver oil, the application of the term 
“ metabolin”  to such a mixture seems inexcusable. Whether 
the term was used to impress the manufacturer with the scien
tific attainments of the writer of the report or with a view 
of furnishing suitable advertising material to the manufacturer, 
the chemist must have knoïyn that its use was unwarranted. 
From a letter received in reply to m y request for information 
as to the method used to determine the amount of “ metabolin”  
and the amount actually found (information which it is needless 
to say was not forthcoming), I am inclined to believe that the 
chemist was much surprised and chagrined to find that a  portion 
of a letter written to the manufacturer was used as advertising 
copy.

According to the chemist, whose signature appeared in con
nection with the second advertisement mentioned, publication 
of his report was authorized only on condition that the complete 
quantitative analysis be furnished to physicians who asked 
for it. This being the case and granting that all of the con
stituents mentioned in the imposing list (including oleic acid, 
the demonstration of which has baffled chemists for fifty years 
or more) were actually identified in the specimen examined, 
also granting that it was not made out with a  view of impressing 
the manufacturer with his ability, no specific fault can be found 
with the chemist’s report but the chemist should have known 
that it would be used to mislead others in regard to the com
position of the preparation.

While at first it would appear as if the statements of the 
chemist’s report in the third advertisement were refuted by 
the published analysis of the chemical laboratory of the American 
Medical Association, and by the action of the federal authorities, 
this is not the case. Instead it is probably but another illus
tration of the often noted variability of proprietary medicines. 
The specimen reported on by the laboratory of the American 
Medical Association, and which was found to be practically 
free from fatty  acids, was purchased on the open market. On 
the other hand, the specimen reported on in the third advertise
ment, according to the statement of the chemist to me, contained 
about three per cent, of fatty  acids. From this it is evident that 
the chemist did nothing more than report his findings. B ut 
in view of his training as a  chemist and as a physician he must 
have recognized that the preparation did not contain enough 
cod-liver oil to give it any value as a  cod-liver oil preparation. 
Further, he must have known that his report would be used to 
mislead physicians in regard to the actual composition of the 
preparation.

To show the tendency of analysts to write reports which will 
make good advertising copy and to show how such enthusiastic 
reports may later place the chemist in an embarrassing position, 
the following is given: The Council on Pharmacy and Chemistry 
of the American Medical Association some time ago (October 
20, 1906) published a report which stated that a certain product, 
Tyree’s Antiseptic Powder, did not possess the composition 
w-hich its manufacturers had claimed it to have. As in the case 
of the Waterbury product so in this instance the manufacturer
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attem pted to offset this by  publication of a report of a chemist. 
In this analytical report which deals with the composition of 
the product and the purity of the materials used in its prepara
tion it is stated that the product contains, among other things, 
zinc sulphate and phenol; that these two substances “ of course 
react to form zinc plienol-sulphonate.”  While it is a rather 
common misconception that phenol and sulphates when dis
solved in water react to form phenol-sulphonates, the statement 
in regard to its formation was so foreign to the subject of the 
analytical report that I  wondered whether the analyst had 
really made this statement. Correspondence with the analyst 
brought out the fact that the statement was contained in the 
report made to the manufacturer. The analyst also informed 
me that he had advised the manufacturer that this statement 
w as incorrect and should be omitted from his report. It should 
be added that the manufacturer, now (or at least quite recently) 
three years later, is still circulating the statement.

W hat has been said illustrates a general tendency to frame 
reports of chemical analyses in such a w ay as to create a favor
able but incorrect opinion in regard to the product reported on. 
While the writers of such reports can rarely be accused of making 
an y  incorrect statements they often disguise or ignore the facts 
in such a w ay that their effect is the same as if a direct mis
representation had been made. There is grave danger that 
the term “ commercial chemist”  may come to be generally 
interpreted as meaning a chemist who puts a commercial value 
on his reports; that is, a chemist whose favorable reports may 
be purchased. While many analysts are above reproach in 
this respect, the tendency is so general that individual chemists 
should be blamed for this condition. It  seems to me that the 
time is ripe when chemists individually and through their societies 
should express their disapproval of a practice which is a dis
credit to the entire profession.

NOTES AND CORRESPONDENCE..

• THE LENGTH OF A TECHNICAL PAPER.
The appeal of Mr. Albert E. Leach, on the editorial page of 

T h i s  J o u r n a l , January, 1910, for greater brevity in the method 
of presentation of technical papers must be seconded unani
mously by those who attend scientific meetings and, for the 
most part, likewise by  readers of scientific journals. However, 
the abbreviations of strictly technical papers intended for 
publication, it must be conceded, if too much emphasized is 
quite apt to be overdone.

The articles appearing in T h i s  J o u r n a l  and in the Journal 
of the American Chemical Society are supposedly exact accounts 
of observations of chemical operations, with results, descrip
tions of chemical processes and presentations of chemical theory. 
T he science of chemistry has been expanded to such enormous 
proportions that it has long since become impossible for any 
one mind to have more than an elementary knowledge of all 
the different branches. I t  is therefore manifestly impossible 
for any one, however broad one’s interests and however great 
one’s desire for information, to read with any great degree 
of understanding all of the more technical articles appearing 
even in these journals. For the author to so popularize his 
articles that such a reader can not only understand but can 
enjoy the perusal thereof would necessitate his pruning out 
the more technical and, therefore, the most important, portions 
of his contributions.

The very excellent method of printing adopted by the Journal 
of the American Chemical Society, involving the use of different 
sized type, emphasizes the more important matter and makes 
easy the perusal of technical papers by the casual reader.

Let technical papers be written by the specialist for the 
specialist. “ Padding,”  which is easily recognizable, should

be condemned, but let scientific observations be recorded with 
special attention to detail so that, should occasion arise, work 
described can be repeated and processes portrayed can be 
reproduced with accuracy.

To record results is not sufficient, though to the non-specialist 
they are of prime interest. The specialist wants to know 
how the results were got and he demands that the details be 
presented with such a degree of elaboration that he himself 
can duplicate the results. Otherwise, he can arrive at like 
results only after experimentation and investigation to discover 
the methods.

Who is interested in an analytical method except the man 
who expects to use that method? Or who becomes enthusiastic 
over the derivation of some complex chemico-mathematical 
formula except the man who is himself employing such a  formula, 
either as an end in itself, or as a means to an end?

Let him who craves popularized science read those journals 
devoted thereto, and let him who wants the bare results of 
chemical research read the Abstract Journal oj the American 
Chemical Society. B ut let us have journals devoted to the 
sort of publications which will enable the specialist and the 
investigator to find expert knowledge first hand and in detail.

J. W . T u r r E n t i n e .

THE DETERMINATION OF PHOSPHORIC ACID BY THE 
OFFICIAL VOLUMETRIC METHOD.

The Official Volumetric Method for the determination of 
phosphoric acid is very popular among chemists who have 
a large amount of work to do on account of its rapidity and 
ease of manipulation. Some, however, admit that they cannot 
use it with any satisfaction, and cling to the old “ magnesia 
process.”  Others use it for low percentages and rough factory 
tests, and check frequently with the gravimetric method.

The writer has had about fifteen years’ experience with the 
method, and has observed the work of many different 
chemists during the time; the result of this experience shows 
conclusively that the method is not entirely reliable under all 
conditions. In the first place, the process as outlined in the 
revised Bulletin of “ Official Methods of Analysis”  is faulty. 
Here the chemist has not only the option of making the solution 
by several different methods, but he is at liberty to precipitate 
with the molybdic solution either at 65 or 450 or even in the 
cold, and any one who has had experience knows that if other 
conditions are the same, these different temperatures will have 
a marked influence on the percentages of phosphoric acid ob
tained. There is considerable doubt whether the precipitate 
formed is always of the same composition even when great care 
is taken to have all the conditions just right; at any rate, it 
only takes some slight deviation from the accepted practice to 
materially affect the results. The presence of sulphuric acid 
tends to make the results high, and it is evident that if sulphuric 
acid is used as a solvent, or even the varying quantities which 
are present in fertilizers will have some slight influence on the 
accuracy of the determinations. High temperatures give high 
results, and low temperatures low results; the presence of 
ammonium nitrate in varying quantities also has an appreciable 
influence. Other conditions might be mentioned, but these 
are sufficient to illustrate the point; that is, the method is too 
delicate for the average analyst who turns out a  large number 
of determinations. There is no use in attempting to follow the 
printed directions and expect accurate results. The only w ay 
to obtain good work is for each analyst to take some standard 
samples of known composition and adjust the working con
ditions in such a manner that correct results m ay be obtained. 
I t  will be necessary for every chemist to determine these con
ditions for himself, and carefully adhere to the same routine 
in his future work. If  this plan is followed, a good analyst 
should be able to do fairly accurate work, but even then there will
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occasionally be results which cannot be accounted for. In my 
laboratory, there is never a set of phosphoric acid determinations 
made by this process without carrying along a check sample; 
this serves as a safeguard to indicate any erratic condition which 
may have crept in. In addition to this, frequent gravimetric 
checks are made. No important analyses involving the settle
ment of large contracts are ever entrusted to the volumetric 
process.

It  is not intended to imply that it is impossible to get accurate 
results by this method, but to point out some of its weak points, 
and to show how ill adapted it is for strictly accurate work 
under the usual working conditions of commercial or state 
inspection laboratories. While, therefore, the method is useful 
for certain classcs of w'ork, it is unfortunate that it  was adopted 
as an "Official Method,”  by the A. O. A. C . to be used at the 
option of the chemist as the basis of settlement in the analysis 
of large and important purchases of material, or for the testing 
of fertilizers by our Agricultural Departments where slight 
deviations from the guarantee involve severe penalties, or other
wise affect the business of the manufacturer by publishing the 
results in bulletins which are distributed broadcast to the 
consumers. F. B. C a r p e n t e r .

UNIFORM ANALYTICAL METHODS FOR PHOSPHATE 
ROCK . 1

As the discrepancies between the results of chemists in the 
analysis of phosphate rock have often been the cause of disputes 
between buyer and seller, sometimes resulting in costly litiga
tion and usually ending in a feeling of diminished confidence 
by the manufacturer for his chemist, the National Fertilizer 
Association, at their annual meeting at Atlantic City in 1908, 
appointed a committee to examine the various analytical 
methods for phosphate rock then in use, with a view to the 
adoption of methods which would yield uniform results.

That year four sets of phosphate rock samples were prepared, 
consisting of Tennessee brown, Tennessee blue, Florida and 
South Carolina rocks. These were distributed among the 
chemists of the National Fertilizer Association and the com
mercial chemists who make a specialty of fertilizer analyses. 
Each chemist was instructed to determine moisture, phosphoric 
acid and iron and aluminum oxides, using the routine methods 
of his laboratory, and to return a complete report of his results, 
together w ith a copy of his nlethods. Samples were sent to 
approximately fifty, and reports were received from thirty-one.

The results of this work were published in detail in pamphlet 
form by the Association.2 A  study of the tables of results 
confirmed the existence of serious differences in the results of 
various laboratories, which could not be laid to differences in 
samples. The samples had been prepared with extreme care, 
and were as nearly uniform as it was possible to make them.

In the report of the Committee to the National Fertilizer 
Association, made in October that year, it was tentatively 
recommended that for referee work the Official gravimetric 
method be used for phosphoric acid and that in the methods 
for iron and alumina then in use, the solvent be hydrochloric 
acid (1-1) until the question of the effect of pyritic iron in 
acidulating could be definitely solved.

In April, 1909, another sample of phosphate rock was dis
tributed together with a set of methods, which were based on 
a study of the results of the previous year and on comments 
and suggestions of the cooperating chemists. The sample 
was a mixture of Tennessee brown and blue rocks, and of

1 R ead before th e  Division of Fertilizer Chemists, B oston meeting, 
A m erican Chemical Society.

2 T in s  J o u r n a l , 1 ,  4 1 .

Florida pebble. This sample was prepared with every possible 
precaution to ensure uniformity, and as in the previous samples, 
was to be used without further grinding or handling, having 
been ground to the requisite fineness during the preparation 
of the sample.

Samples and instructions wrere sent to approximately fifty 
chemists, but reports were so slow in coming in that at the 
time of the meeting of the National Fertilizer Association 
at Atlantic City, July 6th and 7th, the committee was able 
to make only a preliminary report on the work done this year. 
This report was published in the August number of T h i s  
J o u r n a l , in 1909. A few additional results have been received 
since, but they caused no improvement in the general character 
of this work. In all, reports wrere received from thirty-one 
chemists.

It  is to be regretted that the results obtained this year do not 
show a more decided improvement over those of last year than 
is the case. The committee does not believe that the point 
has been reached where methods to be used as official in referee 
work can be definitely recommended.

An interesting point shown in the results received, is that those 
analysts who are chiefly and solely engaged in referee work 
agree very closely and that the greatest variations occur in the 
results of some of the chemists employed in the laboratories 
of the various manufacturers or retained by them. It  is dif
ficult to conceive how such differences can exist as show’n, 
for instance, in the determination of moisture, considering 
that it is apparently one of the simplest determinations a chemist 
has to make. Y et some of the worst discrepancies are to be 
found in the results reported on this determination.

The committee could undoubtedly have chosen chemists 
for this work whose results would have been quite uniform, 
but the idea of this work is' to arrive at methods which shall 
be so clear and so definite that any analyst should obtain results 
agreeing very closely with those obtained by any other analyst 
using the same methods.

A final report to the National Fertilizer Association has not 
been made as yet. Regarding the methods to be considered, 
there seems to be no reason for changing the proposed method 
for moisture as outlined in the instructions sent out this year. 
Regarding the phosphoric acid, nothing has developed to change 
the tentative recommendation of the Committee in favor of 
the Official gravimetric method including a proper method of so
lution of phosphate rock. While the results by the volumetric 
method show a marked improvement over those of last year, it 
does not seem advisable to recommend it in preference to the 
gravimetric method or even as an alternative method for referee 
work. The Wagner citrate method and others proposed do not 
seem to offer any advantages over the Official gravimetric method. 
Regarding the determination of iron and aluminum oxides, 
the committee tentatively leans toward the caustic potash 
method. The great irregularity of the results received by the 
acetate method seems to offset the good agreement by those 
accustomed to using it. Objection has been made to the ap
parently complicated character of the caustic potash method, 
but this is not founded on fact. The determination of iron 
by the permanganate method is certainly not a difficult nor com
plicated one, and the number of solutions required need not 
confuse any competent analyst. The most serious objection 
to the caustic potash method seems to be that a correction 
is required for the alumina, silica, etc., but the objection to 
blank determinations holds good in many other methods, as 
for instance in the determination of nitrogen.

The committee believes that this work should be taken over 
by the Division of Fertilizer Chemists of the American Chemical 
Society and wishes to urge upon the members of the Division
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the great need of immediate and effective cooperative work 
on this subject. A large stock of the samples which were 
distributed this year is still on hand and should prove of the 
greatest value to the cooperators in this most important work. 
As stated in the preliminary report on the work of this year, 
-the committee believes that standard methods alone are not 
sufficient to ensure uniformity. I t  is evident that considerable 
■familiarity and experience with any method is required before 
-dependable results can be obtained by it. For this reason 
it seems that standard methods should be accompanied by 
standard samples so that every chemist interested can obtain 
them for the purpose of verifying his work from time to time.

C. F. H a g e d o r n .

BOOK REVIEWS AND NOTICES.

Beet Sugar Making and Its Chemical Control. B y Y . N ik a id o ,
B.Sc., M.A. Easton, Pa.: The Chemical Publishing Co., 1909.
Octavo, xii +  354 pp., 65 illustrations. $3.00 net.

The author states that this book is intended as an aid to 
those engaging in beet sugar manufacture, who lack systematic 
technical training in the matter.

This the author undertakes to supply in an unusual manner 
in a series of chapters on general chemistry and sugar house 
processes, both manufacturing and analytical, which view 
the entire field broadly and specifically. After a chapter on 
definitions of chemical terms follows one on the non-metallic 
elements. The novel method of presentation is instanced 
here, where under “ Nitrogen”  we find a discussion of ammonia 
in beet juice and the difficulties arising therefrom; under “ Chlor
ine”  directions for preparation of normal hydrochloric acid 
and other normal solutions, acidimetry, alkalimetry, etc.

Chapter III, in similar manner, deals with the principal me
tallic elements, giving various collateral information about 
lime and iron and an analytical method for the determination 
of copper. Then follow chapters on Organic Chemistry (30 
pages) and Cane Sugar (17 pages) setting forth the classification 
of organic compounds and giving the properties of sugar and 
its compounds met with in beet sugar manufacture.

The well-arranged chapter on the “ Polariscope and Its Ac
cessories’ ” is accompanied by numerous well-designed illus
trations, and treats the subject in a  clear, comprehensive manner. 
Other laboratory apparatus is discussed and directions given 
for determination of sucrose, total solids and purity.

Chapter V III  deals with the “ Practical Operations of the 
Beet Sugar House”  and describes in considerable detail the 
operations, from the harvesting of the beet to the last process 
in making white sugar and the recovery of sugar from molasses. 
This chapter, giving the limits within which good work should 
be conducted at the various stations, will be found of considerable 
value to those engaged in this work. A  final chapter on Special 
Analysis” (39 pages) takes up all the analytical determinations 
ordinarily needed, not already described, with formulae for 
calculation of results and many examples to make the matter 

plain.
An Appendix contains a few tables most commonly used in 

sugar work.
In viewing the book broadly it is a clever compilation of 

material from a  dozen or more authoritative treatises on various 
subjects so brought together as to bear most closely on beet- 
sugar making, considered chemically.

The book is essentially a mixture that one could wish to see

sorted out more thoroughly so that all the analytical matter 
would appear together and so be more directly accessible. 
It  is a question whether the theoretical part is not largely over 
the heads of those who have had no previous technical training, 
but it is all very suggestive and will doubtless prove a grateful 
reminder to those already conversant with the subject.

W . D . H o r n e .

INDUSTRIAL AND TRADE NOTES.

Air-Nilralcs in Germany.— Consul-General A. M. Thackara, 
of Berlin, answers as follows the queries of an American cor
respondent regarding the manufacture of air-nitrates and the 
status of farming in Germany:

Atmospheric nitrogen is utilized in making nitrates for fer
tilizing purposes, in accordance with two general systems in 
Germany, as well as in Norway, Italy, and other European coun
tries, and in Canada. (1) The formation of the so-called calca
reous nitrogen (kalckstickstoff), which has the chemical formula 
Ca(CN)N, and which is formed by passing nitrogen over heated 
calcium carbide or through a heated mixture of lime and char
coal, and (2) the direct combination of the elements in the air—  
oxygen and nitrogen— by the use of the electric spark and the 
formation of nitrate by bringing these'combinations into contact 
with the proper calcium or other components.

There are several processes by means of which the nitrogen, 
which combines with the calcium carbide in the formation of 
calcareous nitrogen, is separated from the oxygen of the air. 
One is by  passing air over the copper coils by means of which 
the oxygen is removed. Another process is to obtain free 
nitrogen by the partial evaporation of liquefied air. The great 
expense attending this latter process renders it impracticable, 
and the nitrogen so obtained is still much mixed with oxygen 
compounds. Nitrogen is also obtained by one German firm 
in Hamburg and Hanover by cooling the gases of combustion 
and removing the impurities by  passing the gases through retorts 
filled with copper and copper oxides and then through some 
substance that absorbs the carbon dioxide.

The so-called calcareous nitrogen obtained by the various 
processes is a  grayish substance containing about 20 per cent, 
nitrogen. As a fertilizer it is generally supposed to be as efficient 
as ammonium sulphate and but little inferior to saltpeter. 
The exact effect of the cyanide in the compound is as yet not 
understood. B y  heating, the whole of the nitrogen in the com
pound is changed into ammonia, from which ammonium sul
phate may be formed. The practicability of the production 
of calcareous nitrogen depends upon cheap power supply, and 
hence the plants are generally located where water power is 
available. The substance is produced in many different countries 
and the estimated total production for 1908 was about 45,000 

tons.
The second system by which nitrates are obtained by the direct 

combination of the oxygen and nitrogen of the air is much more 
recent in its development than the above. After numerous 
attempts had been made in various countries, the Norwegian 
inventors, Birkeland and Eyde, finally succeeded in making 
the process industrially practicable (described in a monograph 
on “ Manufacture of Air-Nitrates”  recently published by the 
Bureau of Manufactures). According to their system, the end 
of each of the electric poles through which a current is passing 
is exposed to the action of the magnet which causes 
the electric spark to spread out into a disk-like flame, fhis 
flame is surrounded by some material that resists combustion,
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thus leaving, a disk-shaped enclosure through which the at
mosphere is sucked. As the temperature at which this reaction 
takes place is very high and as the atmosphere passes com
paratively rapidly through the flame, only from 1 to 2 per cent, 
of the elements in the air is transformed. The compounds 
formed begin to decompose when their temperature is lowered, 
and therefore methods are devised to rapidly decrease their 
temperature to the point at which they can form more stable 
products. For this purpose the compounds are passed through 
an evaporation apparatus, and after their temperature has been 
reduced to about 50 degrees Rdaumur they are passed into an 
oxidation chamber and oxidized into nitrogen dioxide, from 
which the nitrates are made. The farthest advance in this 
system has been made in Norway, principally by the firm 
of Birkelarrd & Eyde, and in factories located at Notodden, 
Svalgfos, and Christiansand. A similar system in Germany 
is used at the “ Badische Anilin-und Soda-Fabrik”  at Ludwigs- 
hafen am Rhein. The nitrates so formed are quite pure and 
have thus far been consumed principally in the industries, 
only a small quantity having been used as fertilizers.

COST OK PRODUCTION— WORKS OF REFERENCE.

The cost and the volume of production of each system depend 
upon the availability of cheap power, and the production of 
calcareous nitrogen also depends upon the prices at which lime 
and coal or charcoal are available. One estimate places the 
cost of the production of calcareous nitrogen containing 20 
per cent, nitrogen at 270 to 315 francs ($52.11 to $60.79) per 
metric ton (2,204.6 pounds). This would make the nitrogen 
in the compound cost 26 to 30 cents a kilo (2.2 pounds), while 
the cost of the nitrogen in compounds formed by the direct 
combination of the elements in the air is generally conceded 
to be less. The experiments made with fertilizers of either 
system, in comparison with Chilean saltpeter, are generally 
favorable to the artificial product. In sandy soil the calcium 
nitrate formed by the direct combination of the elements in 
the air brought even better results than the Chilean saltpeter.

A description and illustrations of the mechanical devices 
in use in the electrical system of producing atmospheric nitrogen 
is published by one W itt in Das neue Technisch-Chemische 
Institut for 1906, which may be procured for 2 marks ($0.476) 
at the Weidtnanns’che Buchhandlung, Ziinmer-Str. 94, Berlin, 
and a cursory description of the various processes in use in both 
systems, as well as the numbers of the various patents covering 
the same, is given in Stahl und Eisen for May 19, 1909, published 
in Düsseldorf. Copies of the German patents may be procured 
at 1 to 2 marks each ($0.238 to $0.476) through an American 
or a German patent attorney.

Another book giving an exhaustive description of the technical 
and industrial application of atmospheric nitrogen is issued 
by Doctors Donath and Frenzel, of the Technical High School 
at Brunn, and can be obtained from the book-dealer A. Seydel, 
Koniggratzer-Str. 31, Berlin. The price of this book is 7 marks 
($1.67).

Nitrates in Norway.— Supplementing previous articles in 
Consular and Trade Reports on the manufacture of air nitrates 
for fertilizer in Norway, Germany, and Niagara Falls, Canada, 
it is learned from British consular reports that the industry 
is undergoing rapid expansion in the first-named country, 
where nearly $15,000,000 will be invested. Though there are 
vast water powers in the United States running to waste, which 
could be utilized to produce this article, nothing has yet been 
done in that line, although this country is buying annually 
about $15,000,000 worth of Chilean nitrates. The British 
consul’s report from Christiania reads:

“  Up till now about $6,000,000 has been expended on the 
works at Notodden and Svaelgfos and the power stations under 
construction at Rjukan and Vamma. When all the works

are completed, at the end of 1910, $14,600,000 will have been 
spent. A great point in connection with the development of 
this industry is that the opportunity has now arisen of opening 
up several industries in connection with the manufacture of 
nitrates, such as nitric acid, nitrate of ammonia, nitrate of 
potash, also sodium nitrate, which last is already being manu
factured.

The Nobel syndicate, in conjunction with the Birkeland and 
Eyde Company, is now concentrating the weak acids, with the 
assistance of the gas furnaces, to an acid of such percentage 
as to become an article of transport, and further opportunities 
have thus been opened for export trade, especially from works 
with water power that are situated near the seaboard.

It  is of interest to note that no coal is used in the production 
of saltpeter or other products here referred to. It  is stated 
authoritatively that there is no probability for many years to 
come that the sale of saltpeter produced by the method practiced 
at the Notodden and Rjukanfos works will be disturbed by 
competition with Chile saltpeter on the question of price.

LARGE ANNUAL PRODUCTION.

When the Rujukan Falls works arc fully completed, they 
and the Notodden works combined will represent 240,000 horse
power, with a production of saltpeter representing an export 
value of $6,164,000.

A t some not very far distant time it is not improbable that 
the waterways and loughs between Skien and Notodden may 
be increased to such size as to allow sea-going vessels to load 
up at Notodden. Plans have already been worked out and 
are under consideration in connection therewith. A t present 
everything has to be lightered to and from Skien.

The value of the output of nitrates in Norway in 1908 was about 
$536,000, and the total expenses amounted to $402,000.

The following arc the companies that are producing, or will 
shortly produce, saltpeter from the air:

(1) The Norsk Hydro Elektrisk Kvaelstof Aktieselskab, 
Christiania, who are the owners of the Notodden Saltpeter- 
fabrikker, the power of which (35,000 h. p.) is supplied from 
the Svaelgfos. The capita* of the company, which is French, 
is $7,890,000.

(2) The Vammafos (Vamma Falls) Company, whose saltpeter 
w'orks are now under construction. This company is a separate 
company, but half of its shares are said to be owned by the 
Norsk Hydro Elektrisk Kvaelstof Aktieselskab; some of the 
preference shares are in the hands of Norwegians. The amount of 
the capital can not be stated.

(3) The Rjukanfos (Rjukan Falls) Company, whose salt
peter works are also in course of erection. The capital of the 
company, which is one half French and the other half Scan
dinavian and German, is $3,376,800. This capital has been 
furnished by some of the shareholders of the Norsk Hydro 
Elektrisk K vaelstof Aktieselskab and of the K raft Aktieselskab, 
but the company is an independent one.

(4) The Matre and Tyin waterfalls are owned by the Norsk 
Hydro Elektrisk Kvaelstof Aktieselskab and by the K raft 
Aktieselskab, but the companies formed in connection with 
these falls are two separate companies with separate adminis
trations. Electro-technical works will probably be erected 
at both of these falls.

(5) Christiansands Elektrokemiske Aktiselskab, which is 
the property of the Badische Anilin- und Soda-Fabrik, Lud- 
wigshafen, and has a capital of $53,600.

Chilean Nitrate Situation—  Consul Alfred A. Winslow, writing 
from Valparaiso, under date of November 30th, reviews the con
ditions of the nitrate mining industry in Chile:

The nitrate industry in Chile is still in very bad shape, with 
no prospects of any immediate relief. The price of nitrate is 
very low, being only $1.60 United States gold per quintal,
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against $2.13 in 1907, when the industry was flourishing. The 
different interests are cutting prices until many of the works 
have shut down because they can not produce nitrate at the 
present prices. There has been no concerted action since the 
combine was dissolved last April, and the outlook is not bright 
for this most important industry for Chile. This question 
is receiving much attention on the part of the National G ov
ernment, and the President of Chile has just published a decree 
constituting a  commission composed of the director of the 
division of nitrate in the Treasury Department, the president 
of the Sociedad Nacional de Mineria, the professor of nitrate 
subjects in the National University, the Santiago delegate 
of the Nitrate Propaganda Association, the Assistant Secretary 
of the Treasury, and five members with a  secretary, to be named 
b y the President of Chile, which is to make a thorough study 
of the perplexing problems involved in the present unsatis
factory conditions of the nitrate business.

This commission is instructed to report to the Secretary 
of the Treasury on what means can best be employed to reduce 
the cost of production, on an organization for the sale of nitrate, 
on a systematic propaganda in the interest of an increased 
consumption of nitrate, and on a  definite plan for the systematic 
location of claims in the nitrate fields, together with other
matters that may present themselves.

For the first 10 months of 1909 there was an increased ex
portation of 2,415,396 quintals of nitrate over the same period 
of 1908, but at a  great loss in receipts, which has cut down 
the profits to very small margins in all cases where they have 
not been entirely wiped out.

CONSUMPTION AND PRODUCTION.

A review of the Chilean nitrate trade by  a  British firm con
tains the following statistics:

The world’s consumption for the past twelve months at
1.929.00 tons, against 1,732,000 tons in 1908, is highly satis
factory, showing, as it does, an increase of 11 per cent., or
196.000 tons. Of this quantity the European Continent ac
counts for 1,354,000 tons against 1,275,000, an increase of 
6 per cent. An increase of 7 3/< per cent, is also shown by the 
United Kingdom, the figures being 111,000 tons, against 103,000. 
Consumption in the United States has not only recovered lost 
ground, but has beaten the previous best record of 355,000 tons 
in 1906 by 12 per cent. The figures are 398,000 tons, against
309,000, an increase of 29 per cent. Other countries account 
for 66,000 tons, against 45,000 tons, or an increase of 47 per cent. 
Production for the eleven months ended 30th November, at 
41,106,660 quintals, against 39,236,640, shows an increase of
1.870.000 quintals, or 84,700 tons. Shipments for the twelve 
months to all parts amount to 2,085,000 tons, against 2,017,000, 
an increase of 68,000 tons.

Trade in  Antimony.— :As the new tariff.law  of the United 
States raised the duties on antimony in order to encourage 
its home production, interest attaches to the following report 
from Consular Agent Ernest L. Phillips, of St. Helens, on its 
manufacture in England mainly from foreign ores:

Basil Valentine said: “  The shortness of life makes it impossible 
for one man thoroughly to learn antimony, in which every day 
something new is discovered.”  The crude ore stibnite or gray 
antimony was formerly mined at several places in Great Britain, 
but latterly this country receives most of its supplies from 
China, Australia, Chile, and Nova Scotia.

The process of extracting the antimony from the ore is a 
simple matter, but there are several processes employed. The 
crude and commercial antimony, the bulk of which used through
out the world comes from China and Japan, is the ore separated 
from associated earthy gangue, and this operation is performed 
by a simple fusion. From this there are two or three ways 
of obtaining the regulus of antimony. The raw antimony,

whether obtained direct from the ore or from the purified sul
phide, must be calcined, in order to separate such impurities 
as arsenic, sulphur, etc. In the process of getting it direct, 
the ore is smelted together with some alkaline slag and old 
scrap iron. When this combination has completely fused, it 
is poured into conically shaped molds, and this mixture, after 
cooling, consists of impure antimony and sulphide of iron.

There are several methods used for purifying the regulus. 
One of the simplest is to charge each of the number of crucibles 
with this regulus along with soda, common salt, and pure ox
idized antimony ore. When sufficient heat has been applied, 
the foreign impurities or metals become oxidized and scorified, 
and the star metal is thus obtained. Antimony is a  bright 
silver gray metal; it is brittle and can be easily pulverized; 
it is valuable for the alloys it yields with other metals; the 
britannia metals, type metal, stereotype plates, Babbitt’s anti
friction metal, and shot, all contain a certain proportion of this 
valuable commodity.

The exports of star antimony metal from St. Helens to the 
United States during 1908 amounted to $40,419.

The importation of antimony metal into the United States 
during fiscal years ended June 30th has been as follows:

1904. 1905. 1906.
C ountry. Pounds. Pounds. Pounds,

A ustria -H ungary ...........................................    133,243 794,663
F ran cc ................................................... 111,224 220,736 521,719
U nited  K ingdom ...............................  2 ,1 2 4 ,6 6 0  3 ,070 ,522  4 ,521 ,397
O ther countries..................................... 1 ,694,995 1 ,098,780 1 ,253 ,539

T o ta l............................................. 3 ,9 3 0 ,8 7 9  4 ,523 ,281  7 ,091 ,318

T o tal va lue................................. 205,908 312,332 795,398

1907. 1908. 1909.
C ountry. Pounds. Pounds. Pounds.

A ustria -H ungary ............................... 1 ,156,027 459,564 67,427
F ran ce ................................................... 422,322 1,116,225 1,108,189
U nited K ingdom ............................... 5 ,263 ,717  5 ,615 ,168  6 ,651 ,934
O ther countries  ..................  1 ,968,131 855,159 1,703,217

T o ta l............................................  8 ,810 ,197  8 ,046 ,116  9 ,530 ,767

, T o tal v a lu e ................................. 1 ,945,362 672,934 644,734

The unit value of the imports in each year per pound was 
as follows: 1904, 5.2 cents; 1905, 6.9 cents; 1906, 11.2 cents;
1907, 21.7 cents; 1908, 8.4 cents; 1909, 6.8 cents.

The imports of antimony ore averaged about 2,000,000 pounds 
for the fiscal years 1904,1905 and 1906, while for 1907 it amounted 
to 3,053,082 pounds, but dropped to 1,684,774 pounds in
1908. However, in 1909 the imports increased to 6,021,877 
pounds. The average value of the ore fluctuated heavily, in 
keeping with the price of the regulus or metal. The unit value 
of the ore imports in 1908 was 5.4 cents per pound. About 
one-half the ore in 1908 was secured from China, and about 
one-third via England.

Until the new Payne tariff act antimony ore was admitted 
into the Untied States free of duty, while three-fourths of 1 
cent a pound was charged on the regulus or metal. The new 
customs law taxes the ore at 1 cent per pound, and the metal 
at \]A cents per pound.

The Geological Survey states that the production of antimony 
in the United States during the years 1904 to 1908 has been 
as follows:

Y ear. Short tons. Value.
190 4 .....................................................................  3 ,057  505,524
190 5 .....................................................................  3 ,240  705,787
190 6 ..................................................................... 1,766 602,949
190 7..................................................................... 351 77,300
190 8.....................................................................  Nil. Nil.

A  limited mining of antimony ore has been carried on in 
Nevada, though with the high prices in 1906-7, when the best 
grade of the metal reached 28 cents a  pound, operations were
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begun in Washington, Idaho, Utah, California, and Oregon. 
Many gold and silver ores are antimony-bearing, and in smelting 
the antimony combines with the lead of the charge, the product 
going on the market as antimonial lead. The alloy is used in 
type metal, babbitt, coffin trimmings, linings for acid tanks, 
toys, clock cases, and other articles for which a fairly hard metal 
to be gilded or otherwise finished is desired. Other uses of 
antimony are described by the Geological Survey:

Antimony is also used as an adulterant in solder and is con
sidered a very objectionable element, especially when the solder 
is to be used for sealing cans holding provisions. Some anti
mony compounds are very poisonous, especially the organic 
compounds. The use of antimony salts and oxides is com
paratively large, as shown by the importations (585,389 pounds 
worth $105,234) in 1908. Antimony trioxide is used as a pigment 
in place of white lead, zinc oxide, etc., and seems to be gaining 
ground, especially in Europe. The trioxide is also used for 
making the glass used to coat iron in enameled ware, as a re
ducing agent in chemical work, and as a detector of alkaloids 
and phenols. Antimony arsenate, arsenite, trichloride, iodide, 
trioxide, trisulpliide, pentasulphide, tartrate and antimony 
and potassium tartrate are used in medicine. The trichloride, 
also called antimony butter, is used in bronzing iron, especially 
gun barrels, as a mordant for patent leather, in coloring zinc 
black, as a mordant for silver, and in the manufacture of lakes 
particularly from dyewoods.

The double salts, antimony fluoride and ammonium sulphide, 
antimoViy and potassium oxalate, and antimony and potassium 
tartrate (tartar emetic) are used in dyeing.

The trisulphide is used in pyrotechnics for making "Bengal 
fire;”  the pentasulphide, or golden sulphide, in coloring rubber 
goods; the antimonate in coloring glass yellow; vitreous anti
mony sulphide made by roasting antimony sulphide, then 
fusing the product with fresh antimony sulphide, is also used 
to tint glass yellow, and for a like purpose with porcelain. The 
chromate, under the name of "N aples yellow,”  is used as a 
fine artist’s color. Naples yellow and some of the oxides are 
used as ceramic colors.

Antimony in the form of metal and oxide is used in making 
flint glass. About 1 1/t pounds of each per ton of “ batch”  
is used.

New Potash Discoveries.— As the United States has been 
purchasing one-sixth of Germany’s annual export of about 
$35,000,000 worth of potash, the following report from Consul 
Talbot J. Albert, of Brunswick, will be of interest:

Hitherto it has been believed that Germany was the only 
country in the world where deposits of potassium salts existed, 
and had therefore a safe monopoly of them. Now, however, 
comes the startling news in the press of the discovery of potassium 
deposits in other countries. The Brunswick Landes-Zeilung 
says:

It is already an established fact that potassium salts occur 
in Galatia, Hungary, Tyrol, Russia, Holland, Florida and 
Persia. (The United States Geological Survey has not yet 
been able to locate the reported Florida deposits, concerning 
which several press notices have appeared.— B. of M.) The 
latest German discoveries are located in Alsace, close to the 
French boundary, and the potassium deposits there will probably 
extend across into France, as has been the case with the salt 
wells.

There still comes the surprising information that potassium 
salts have been found in the vast Empire of China. Although 
this news might at first seem incredible, it has been a well- 
known fact for some time, but kept secret by interested parties. 
Samples of these salts have been tested by a chemist connected 
with the Potassium Mining Syndicate, and the results have 
given a large percentage of chloride of potassium (Chlorkalium).

All particulars, especially the localities of the discoveries 
in China, are naturally withheld by the combine. Should 
the mining of the potassium salts in China be successful, the 
western part of America will first come in question as a  con
sumer. The salts could be delivered there very cheaply, as- 
the wages of labor in Chinese mines is one-tenth of those in Ger
man mines, and especially the cheap ocean freight to the west 
coast of America will be an important factor.

World’s Sugar Crop.— Consul-General Henry W. Diedcrich, 
of Antwerp, has prepared, under date of January 8II1, the follow
ing review' of the sugar production of the world for the igo g -’ io. 
season:

As usual, various approximate beet-sugar crop estimates 
have been issued from time to time during recent months, by 
sugar factories and others interested in the production of sugar 
in Europe. The unusually ’Wet and cold summer had proved 
very unfavorable to the development of sugar beets in most 
countries of Europe, but fairer skies in autumn helped con
siderably to improve both the quality and quantity of beets. 
However, the sugar contents fall much behind that of last 
season, amounting in Belgium to only 15 per cent., whereas 
in 1908 they reached the high average of 17 per cent.

The season is completely finished in Belgium, and practically 
so in the other countries, so that only slight variations, one 
wray or the other, in the present approximate estimates of the 
beet-sugar crop, may be looked for when the final actual results 
are recorded at the end of the year on August 31, 1910. The 
International Association for Statistics, therefore, after having 
issued approximate statements of the sugar crop in October 
and November, has just completed its third and last report, 
at the end of December, after having made another very care
ful inquiry, and now publishes the following total results for 
i909-’ i0 of the sugar-beet fields in Europe:

C ountry. Beets. Sugar.
G erm any ..........................................................  12 .846,560 1 ,985,460
A ustria ............................................................... 8 ,100 ,200  1,259,100
F ran ce ................................................................ 6 ,35 4 ,9 0 0  807,500
R ussia ................................................................  6 ,88 8 ,8 6 0  1,144,150

, B elg ium .............................................................  1 ,765 ,000  240,900
H olland .........................................................! 1 ,291 ,000  175,500
Sw eden........................................................... 894,350 125,300
D enm ark .......................................................  488,000 65 ,000
I ta ly 1.................................................................. 1 ,000,000 116,000
S p a in '............................................................  830,000 99,300
R oum an ia1...................................................  203,000 28,000
Servia1................................................................... 63 ,000 8 ,400
Sw itzerland*........................................................ 25 ,000 3 ,100
B u lgaria !..............................................................  28 ,000 3 ,300

T o ta l ...................................................... 4 0 ,777 ,870  6 ,061 ,010

Mr. F. O. Licht, the veteran German sugar statistician, whose 
work I have closely followed for a  number of years and found 
as unerring as human effort can attain, publishes the following 
crop estimates, based upon his own close observations and 
modified by his experience of a lifetime:

1909-’10. 1908-'09. 1907-’08.
C ountry. Tons. Tons. Tons.
G erm any.....................................  2 ,0 0 5 ,0 0 0  2 ,06 6 ,7 7 9  2 ,116 ,595
A ustria ......................................... 1 ,250 ,000  1 ,370,453 1 ,397 ,260
F rance .......................................... 810,000 783,904 711,541
R ussia ..........................................  1 ,175 ,000  1 ,274,659 1,415,115
B elgium ....................................... 240,000 256,442 230,797
H olland ........................................ 180,000 214,343 175,184
Sw eden......................................... 125,000 133,3S3 109,012
D enm ark .....................................  65 ,000 66,298 52,661
I ta ly .............................................  116,000 165,312 135,965
S p a in ............................................  100.000 119,387 123,523
R oum ania ................................... 25 ,000 22 ,600 25,832
O th ers ..........................................  18,000 15,955 16,357

T o ta l.................................... 6 ,1 0 9 ,0 0 0  6 ,488 ,915  6 ,509 ,842
1 Unofficial estim ates of the  o th e r beet-sugar-producing countries in  

E urope  which do no t belong to the  In te rn a tio n a l Association.
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1906-’07. 1905-’06.
C ountry . Tons. Tons.
G erm any ............................................................... 2 ,225 ,021  2 ,403 ,805
A u s t r i a . . . . .........................................................  1 ,315,686 1,478,737
F ran c e ..................................................................  740,291 1,065,469
R ussia ................................................................   1 ,458,823 987,474
B elg ium  .........................................................  280,928 326,962
H olland ..................................... ........................... 181,407 207,189
Sw eden.................................................................. 157,956 125,300
D e n m a rk .. ..........................................................  62,275 64,369
I ta ly ....................................................................... 106,383 93,916
S p a in .......................................   98,085 96,206
R oum an ia  ................................................  32 ,000 31 ,444
O th ers ...................................................................  14,240 7 ,150

T o ta l............................................................. 6 ,673 ,095  6,888,021

(T h e  la te r  s ta t is t ic s  issu ed  b y  L ic h t  o n  J a n u a ry  2 1s t, a cco rd in g  
to  W ille tt  & G ra y ’s b u lle tin , g iv es th e  ig o c j-’io  c ro p  e s tim a te  
a t  6 , 185,000  to n s , b e in g  35,000  h ig h e r  fo r  G e rm a n y , 10,000 
h ig h e r  fo r  A u s tr ia , 15,000  h ig h e r  fo r  F ra n c e , 10,000 h ig h e r  
fo r B e lg iu m , 20,000 h ig h e r  fo r  H o lla n d , a n d  25,000 to n s  h ig h e r  
fo r R u ss ia , w ith  a  less  a m o u n t  fo r  “ a ll  o th e rs .” — B . of M .)

A s th e  f irs t  d e c a d e  o f  th is  c e n tu ry  h a s  ju s t  com e to  i ts  close 
i t  is  in te re s t in g  to  s tu d y  th e  fo llow ing  ta b le  a n d  n o te  w h a t h a s  
b e e n  acco m p lish e d  in  E u ro p e  d u r in g  t h a t  p eriod  (h e c ta re  =  
2.47 a c re s ):

Beets. Sugar.

Area thee- Pounds Pounds
Season. tares). Tons. per acre. Tons, per acre
1909-’10..................  1,832,590 40,496,720 20,003 6,109,000 3,009
I908-’0 9 ..................  1,808,158 41,270,021 20,704 6,488,905 3,252
1907—’0 8 ___■...........  1,872,419 42,510,724 20,303 6,509,842 3,116
1906-’07 ..................  1,821,473 45,275,316 21,440 6,673,095 3,270
1905-’0 6 ..................  1,871,229 48,267,128 23,003 6,888,021 3,294
1904—’05 ..................  1,610,800 31,962,027 17,695 6,667,980 2,583
1903-’0 4 ..................  1,755,692 40,311,209 20,479 5,860,991 2,999
1902—’03 ..................  1,786,964 38,732,557 19,326 5,530,961 2,792
1901—’02 ..................  1,962,685 49,546,329 22,511 6,722,051 3,057
1900—‘01 .................  1,842,142 42,466,828 20,550 5,970,070 2,869

CANE SUGAR RESULTS.

I t  is  e x tre m e ly  d ifficu lt a t  p re se n t, ev en  a p p ro x im a te ly , to  
g ive  th e  c ro p  e s t im a te s  o f  c a n e  su g a r  w h ich  is b e in g  p ro d u ced  

1909-’10. 1908-’09. 1907-’08. 1906-’07.
Tons. T ins. Tons. Tons.

Cuba...................................  1,800,000 1,514,000 963,000 1,431,000
Porto Rico......................... 270,000 222,000 190,000 181,000
Haiti and Dominican Re

public.............................  60,000 75,000 54,000 58,000
Jam aica.............................. 7,000 5,000 13,000 14,000
Barbados...........................  30,000 12,000 33,000 35,000
Trinidad............................. 45,000 41,000 39,000 40,000
M artinique......................... 36,000 38,000 38,000 38,000
Lesser Antilles.................. 45,000 40,000 40,000 45,000
Antigua and St. K i t t s . . .  25,000 25,000 23,000 30,000
Guadeloupe.......................  35,000 25,000 36,000 39,000
St. Croix............................  13,000 12,000 12,000 10,000
Brazil.................................  275,000 280,000 195,000 250,000
Argentina..........................  130,000 162,000 110,000 119,000
Peru ....................................  130,000 150,000 135,000 169,000
Venezuela..........................  3,000 3,000 3,000 3,000
Demcrara........................... 100,000 116,000 99,000 116,000
Surinam .............................  12,000 12,000 12,000 9,000
Central America............... 50,000 50,000 50,000 50,000
Mexico................................ 130,000 115,000 113,000 105,000
E gypt.................................  45,000 40,000 42,000 65,000
N atal..................................  ' 54,000 40,000 41,000 36,000
M auritius...........................  225,000 188,000 165,000 214,000
Reunion.............................  45,000 39,000 39,000 43,000
Fiji Island .........................  70,000 65,000 68,000 40,000
Formosa............................. 160,000 121,000 71,000 65,000
Ja v a ....................................  1,150,000 1,187,000 1,244,000 1,115,000
Other E ast Indies............  2,120,000 1,927,000 2,141,000 2,450,000
Q u e e n s la n d ...... ............. 140,000 151,000 188,000 175,000
New South W ales............  15,000 15,000 29,000 23,000
Philippines........................  115,000 108,000 132,000 111,000
H awaii...............................  475,000 448,000 486,000 383,000
"Louisiana...........................  330,000 320,000 330,000 230,000
American home-grown

beet............................   420,000 386,000 455,000 435,000

Total..........................  8,560,000 7,932,000 7,595,000 8,127,000

in many countries all over the globe outside of Europe, and 
which is in various stages of growth and m aturity. No one 
can tell to-day w hat quantities of sugar will be garnered from 
the cane fields of the East and West Indies, the two leading 
cane-producing countries. But for all practical purposes the 
above estimates may be safely made.

Finally, what has become of the world’s sugar crop during 
the past four years; how much of it was left at the end of each 
year, after satisfying the demands of trade? W hat the results 
are likely to be during the present year, ending August, 1910, 
may be learned from the following table, showing actual returns 
of the world’s sugar trade since 1905:

In it ia l stock Septem ber 1 s t ............
P roduction  of beet sugar..................
P roduction  ,of cane sugar.................

1909-’10. 
Tons.

1.650.000
6 .109 .000
8 .500 .000

1908-'09.
Tons.

2,002,000
6 .494 .000
7 .932 .000

1907—'08. 
Tons.

2 .014 .000
6 .510 .000
7 .610 .000

T o ta l..................................................  16 ,259,000 16 ,428,000 16 ,134,000
Balance on hand  A ugust 31st . . .  . 1 ,600 ,000  1 ,650,000 2 ,002 ,000

W orld’s consum ption..................  14 ,659,000 14 ,788,000 14 ,132,000
1906-'07. 1905-*06.

Tons. Tons.
In it ia l stock Septem ber 1 s t ........................................... 1 ,810 ,000  1 ,767,000
P roduction  of beet sugar................................................  6 ,673 ,000  6 ,888 ,000
Production  of cane sugar............................................  8 ,1 2 7 ,0 0 0  7 ,119 ,000

T o ta l..........................................................................  16 ,610,000 15,774,000
B alance on  h and  A ugust 3 1 s t ..................................  2 ,0 1 4 ,0 0 0  1 ,809 ,000

W orld’s consum ption.............................................. 14 ,596,000 13 ,965 ,0

Thus it will be seen that the production of beet sugar has 
steadily grown less during recent years, while that of the cane 
has increased to such an extent as not only to cover the shortage 
in beet sugar, but also to add to the market a sufficient quantity 
to supply the world’s demand for sugar, with a  limited surplus 
a t the end of the season, scarcely enough to keep the world 
supplied for six weeks. It  also m ay be interesting to learn 
the fact that of the average annual world’s sugar crop, about 
two-thirds, or 10,000,000 tons are used in Europe, the United 
States, and Canada, while the other third is absorbed by the 
rest of the world.

Production of Radium.— a u s t r i a : Consul Will L. Lowrie,
of Carlsbad, transmits the following translation of an article 
which recently appeared in the Vienna Neue Frei Presse con
cerning the production and sale of radium in Austria:

A t the Ministry of Public Works many conferences have 
been held lately to discuss the place where radium may be 
sold and to arrange details of putting the mineral on the market. 
The quantity to be disposed of consists of the recent shipment 
from Joacliimsthal which was sent for experimental purposes, 
and which has been examined to determine the amount of pure 
radium it may contain. Already it is certain that the ore sent 
from Joachimsthal will yield not less than the amount of pure 
radium expected— 1 gram. As has been said, this will be sold 
and the price is fixed at 380 crowns ($77.14) a,milligram. Per
sons or institutions which contemplate purchasing radium may 
have their addresses noted at the Ministry of Public Works, 
and already, before the official selling has begun, many ap
plications have been filed, not only from the Empire but also 
from foreign countries. Many hospitals are among the applicants. 
Special means for packing the radium have been adopted owing to 
the danger from the rays. Since this shipment from Joachimsthal, 
a  like amount of radium has been produced at the Imperial 
factory located at that place. It is hinted that if the chemical 
works at Joachimsthal arc carried on in an adequate manner 
a  number of other extremely valuable radioactive substances 
beside radium, as actinium and jonium, may be obtained, 
which in some regards, as, for instance, in the power of throwing 
out rays, may surpass radium.
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E n g l a n d : The following information concerning the establish
ment of a factory in London for the manufacture of radium 
according to a secret process discovered by Sir William Ramsay 
is taken from a London newspaper:

It  is claimed that by this process the production of radium 
will be reduced from nine months to six or seven weeks, and 
the British Radium Corporation has been formed for taking 
over the radium rights of the Trentwith mine at St. Ives, where 
the discovery of pitchblende ore was made (previously referred 
to in Consular and Trade Reports). The services of Sir William 
Ramsay have been retained by the corporation.

The total quantity of radium which has thus far been re
covered for scientific use throughout the world is estimated not 
to exceed one-fourth of a  pound. The total stock in the London 
Hospital is but about i6'/< milligrams.

A little while ago the pitchblende containing this wonderful 
element was actually regarded as a nuisance by the old miners 
of St. Ives, so that it was cast aside on the rubbish heap, a 
heap which grew to mountainous proportions, and from which 
to-day the company is obtaining tons of material.

American Exposition at Berlin.— p o s t p o n e d  f o r  o n e  y e a r : 
Special Agent Julien L. Brodé writes from Berlin, under date 
of February 7U1, on the progress and prospects of the forthcoming 
American exposition in the German Imperial capital, the date 
of which has been changed since this report was written to 1911 :

It  is announced that William C. Brumder, of Milwaukee, 
Wis., one of the proprietors of the Germania-Abend Post there, 
has been appointed by the Department of State as honorary 
commissioner-general to the American Exposition at Berlin. 
Four honorary commissioners have also been selected, namely, 
Herman A. Metz, until recently comptroller of the city of New 
York; John Ball Osborne, chief of Bureau of Trade Relations 
at Washington; Irwin M. Laughlin, secretary of the United 
States Embassy at Berlin; and Hugh Gordon Miller, an attorney 
of New York, who was New York Commissioner to the James
town Exposition at Norfolk.

Former Comptroller Metz, of New York City, chairman of 
the American executive committee of the Berlin Exposition, 
gave out the following statement on February 28th:

In view of the apparent opposition which has developed in 
Germany against the American Exposition to be held in Berlin 
during the coming summer, the American executive committee 
has decided upon a postponement until 1911.

The members of the executive committee, and the gentlemen 
who agreed to serve on the advisory and other committees, 
did so for the purpose of showing their good will toward Germany 
and German interests and to promote the commercial relations 
between the two countries and in anticipation of similar co
operation on the part of the commercial interests of Germany 
and for no other reason.

As apparently this is not entirely understood, the members 
of the executive committee are of the opinion that it might 
be advisable to make the exposition a German-American affair 
in which both countries should participate, and thus prove 
it is not intended to be an American industrial invasion. With 
this object in view the majority of the members of the executive 
committee will visit Berlin in the coming summer for the pur
pose of bringing about, if possible, such a German-American 
exposition, and the United States Government has been requested 
to continue the honorary commission which was appointed to 
represent it at the exposition this summer.

OFFICIAL REGULATIONS AND RULINGS.

Only a  few of th e  m ore im portan t rulings a re  reported  here. For 
others the  reader is referred to  the  publications of the  B oard  of Food and  
D rug Inspection an d  to  T reasury  Decisions.

N o t ic e  o f  J u d g m e n t  No. 147, F o o d  a n d  D r u g s  A c t . 
Adulteration and Misbranding oj Lemon Extract.

In accordance with the provisions of Section 4 of the Food

and Drugs A ct of June 30, 1906, and of regulation 6 of the 
rules and regulations for the enforcement of the act, notice 
is given that on the 10th day of November, 1908, in the Dis
trict Court of the United States for the Eastern District of 
Virginia, in a  prosecution by the United States against the 
Suffolk Drug and Extract Company, a  corporation of Suffolk. 
Va., for violation of Section 2 of the aforesaid act in shipping 
and delivering for shipment from Virginia to North Carolina 
an adulterated and misbranded lemon extract, the said Suffolk 
Drug and Extract Company entered a plea of guilty and the 
Court imposed a fine of $25.

The facts in the case were as follows:
On August 24, 1907, an inspector of the Department of Agri

culture purchased from J. J. Medford, Oxford, North Carolina, 
a  sample (I. S. No. 2094) of a food product labeled: “ Pure 
Brand E xtract Lemon. Artificial Coloring. Manufactured 
by Suffolk Drug & E xtract Co., Inc., Suffolk, V a.”  The sam
ple was analyzed in the Bureau of Chemistry of the United 
States Department of Agriculture and the following results 
obtained and stated:

. A lcohol by  volum e (per c e n t .) .............................  44 .00
Lemon oil (per c en t.) ............................................. 0 .18
C itra l..............................................................    0.02
Solids............................................................................ 0 .1 0
Color: artificial color declared.

Lemon extract, or flavor, as recognized by reliable manu
facturers and dealers, is the flavoring extract prepared from 
oil of lemon, or from lemon peel, or both, and contains not less 
than five per cent, by  volume of oil of lemon. The analysis 
of the aforesaid sample disclosed that there was only 0.18 per 
cent, of oil of lemon in this article, hence it was adulterated 
within the meaning of Section 7 of the act in that an inferior 
extract, artificially colored in a  manner whereby its inferiority 
was concealed, was substituted wholly for the genuine article 
which it purported to be, and was misbranded within the mean
ing of Section 8 of the act in that it was labeled “ E xtract 
Lemon,”  which statement was false, misleading and deceptive 
because it was not lemon extract, but a  very poor imitation 
thereof.

I t  appearing from the aforesaid analysis that the article 
was adulterated and misbranded, the Secretary of Agriculture 
gave notice to J. J. Medford, the dealer from whom the sample 
was procured, and also to the Suffolk Drug and Extract Com
pany, the manufacturer and shipper, and gave them an oppor
tunity to be heard. The said company being the party solely 
responsible for the adulteration and misbranding of the arti
cle and failing to show any fault or error in the result of the 
aforesaid analysis, and it being determined that the article 
was adulterated and misbranded, on July 2, 1908, the said Sec
retary reported the facts and evidence (F. & D. No. 133) to the 
Attorney-General, by whom they were referred to the United 
States Attorney for the Eastern District of Virginia, who pre
sented the facts to the grand jury, by  whom an indictment 
was duly returned against the said Suffolk Drug and Extract 
Company with the result hereinbefore stated.

J a m e s  W i l s o n , 
Secretary of Agriculture.

January 15, 1910.

N o t ic e  o f  J u d g m e n t  N o . 152, F o o d  a n d  D r u g s  A c t . 

Adulteration and Misbranding of Pineapple and Lemon E x
tracts.

In accordance with the provisions of Section 4 of the Food 
and Drugs Act of June 30, 1906, and of regulation 6 of the 
rules and regulations for the enforcement of the act, notice is 
given that on June 8, 1909, in the District Court of the United 
States for the Southern Division of the Southern District of 
Alabama, in a  prosecution by the United States against the 
Mobile Drug Company, a corporation of Mobile, Alabama, 
for two violations of Section 2 of the aforesaid act in shipping 
and delivering for shipment from Alabama to Mississippi adul
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terated and misbranded pineapple and lemon extracts, the 
said^Mobile Drug Company entered a plea of guilty and the 
Court imposed upon it a  fine of $25.

The facts in the case were as follows:
Onr February 22, 1908, and March 13, 1908, an inspector of 

the Department of Agriculture purchased from Mrs. Sophia 
Fields, Escatawpa, Mississippi, and R. W. Fagan &  Company, 
Waynesboro, Mississippi, respectively, samples (I. S. Nos. 
5051 and 2126-a) of food products labeled, respectively: “ Pure 
Concentrated Extract of Pineapple for Flavoring Ice Cream, 
Custards, Jellies, Pastry, etc. Mobile Drug Co., Mobile, Ala.,”
and “ Concentrated Extract of Lemon. Guaranteed ---------
June 30, 190$. Serial No. 6901. Mobile Drug Co., Mobile, 
A la." The samples were analyzed in the Bureau of Chemistry 
of the United States Department of Agriculture and the follow
ing results obtained and stated:

I. S. No. 5051:
Specific g ra v ity .................................................................  0.9447
Alcohol by  volum e (per c e n t .) ................................  45 .40
E ste rs  as e th y l b u ty ra te  (gram s per 100 c c . ) . . . 0 .696
Coloring m a tte r ...............................................................  Turm eric

I .  S. No. 2126-a:
Specific g rav ity  (1 5 .5 °  C .)...........................................  0.8748
Alcohol by  volum e (per c e n t .) ................................  73.28
Solids (gram s per 100 cc .)........................................  0.21
Lem on oil by  polarization (per c en t.)..................  3 .2 2
Lem on oil by  precip itation  (per c en t.) ...............  3 .3 0
Color....................................................................................  Turm eric

A flavoring extract, as recognized by reliable manufacturers 
and dealers, is a  solution in ethyl alcohol of proper strength 
of the sapid and odorous principles derived from an aromatic 
plant, or parts of the plant, with or without its coloring mat
ter, and conforms in name to the plant used in its preparation; 
and lemon extract, or flavor, as recognized by reliable manu
facturers and dealers, is the flavoring extract prepared from 
oil of lemon, or from lemon peel, or both, and contains not 
less than five per cent. t)y volume of oil of lemon. The analysis 
of sample I. S. No. 5051 disclosed practically the total absence 
of the sapid and odorous principles of the pineapple, hence the 
article was adulterated within the meaning of Section 7 of the 
act in that an imitation extract, artificially colored in a man
ner whereby its inferiority was concealed, was substituted 
wholly for the pineapple extract which it purported to be, 
and was misbranded within the meaning of Section 8 of the act 
in that it was labeled “ Pure Concentrated Extract of Pine
apple,”  which statement was false, misleading and deceptive 
because it was not an extract of pineapple, but merely an imi
tation extract. The analysis of sample I. S. No. 2126-a dis
closed the fact that it contained only 3.3  per cent, of oil of 
lemon and was artificially colored, hence the article was adul
terated within the meaning of Section 7 of the act in that an 
inferior extract, artificially colored in a  manner w'hereby its 
inferiority was concealed, was substituted wholly for the genuine 
product which it purported to be, and was misbranded within 
the meaning of Section 8 of the act in that it was labeled “ Con
centrated Extract of Lemon,”  which statement was false, 
misleading, and deceptive because it was not concentrated 
extract of lemon, but an inferior grade lemon extract, arti
ficially colored in a  maimer^whereby its inferiority was con
cealed.

It appearing from the aforesaid analyses that the articles 
were adulterated and misbranded, the Secretary of Agricul
ture gave notice to Mrs. Sophia Fields and R. W. Fagan & 
Company, the dealers from whom the samples were purchased, 
and also to the Mobile Drug Company, the manufacturer and 
shipper, and gave them an opportunity to be heard. The 
Mobile Drug Company being the party solely responsible for 
the adulteration and misbranding of the articles and failing 
to show any fault or error in the results of the aforesaid analy
ses and it being determined that the articles were adulterated

and misbranded, on January 6, 1909, and February 27, 1909, 
respectively, the said Secretary reported the facts and evidence 
(F. &  D. Nos. 306 and 486) to the Attorney-General, by whom 
they were referred to the United States Attorney for the South
ern District of Alabama, who filed an information against the 
Mobile Drug Company with the result hereinbefore stated.

J a m e s  W i l s o n , 
January 15, 1910. Secretary 0} Agriculture.

(Notice of Judgment No. 175, Food and Drugs Act.) Adul
teration of Water.— In accordance with the provisions of Section 
4 of the Food and Drugs Act of June 30, 1906, and of regulation 
6 of the rules and regulations for the enforcement of the act, 
notice is given that on the 19th day of August, 1909, in the 
Police Court of the District of Columbia, judgment was entered 
in the case of the United States against Frank H. Finley, trading 
as F. H. Finley &  Sons, a prosecution upon an information 
in substance charging said defendant with having sold and 
offered for sale in the District of Columbia 24 bottles of a liquid 
substance intended for use as drink by man, labeled “ Diamond 
Distilled Water,”  which was adulterated in that it was injurious 
and deleterious to health and contained poisonous and del
eterious ingredients, and consisted wholly or in part of filthy, 
decomposed, and putrid vegetable substances. The defendant 
pleaded not guilty to the above information, and the case was 
tried on August 4 and 5, 1909. After hearing the testimony 
and arguments of counsel, the court found the defendant guilty 
as alleged in the information and imposed upon him a fine of $10.

The facts upon which the above prosecution was based were 
as follows:

An inspector of the United States Department of Agriculture 
purchased a sample of the water labeled as above described 
from F. H. Finley & Sons, 208 Massachusetts Avenue, N. E., 
Washington, D. C. This sample was analyzed in the Bureau 
of Chemistry of the United States Department of Agriculture 
and found to contain the colon group of organisms. The 
analysis having disclosed an adulteration of said water, F. H. 
Finley &  Sons were duly notified of the results obtained, and 
were given an opportunity to be heard and were heard in regard 
to said adulteration. It appearing that there had been a 
violation of the act, the Secretary of Agriculture, on May 19, 
1909, reported the facts to the Attorney-General. The case 
was then referred to the United States Attorney for the District 
of Columbia, who filed the above information, with the result 
hereinbefore stated.

J a m e s  W i l s o n , 
Secretary 0/ Agriculture. 

W a s h in g t o n , D. C., January 28, 1910.

(Notice of Judgment No. 179, Food and Drugs Act.) Adul
teration and Misbranding oj Cottonseed Feed Meal.— In accordance 
with the provisions of Section 4 of the Food and Drugs Act of 
June 30, 1906, and of regulation 6 of the rules and regulations 
for the enforcement of the act, notice is given that on the 18th 
day of June, 1909, in the District Court of the United States 
for the Western District of North Carolina, judgment was 
rendered in the case of the United States v. 120 Sacks of Cotton
seed Feed Meal, .wherein a  libel wras under Section 10 of the 
aforesaid act, alleging in substance that 120 sacks of a  product 
designated as cottonseed feed meal and labeled: "Creamo 
Brand Feed Meal. Manufactured by the Tennessee Fibre Co., 
Memphis, Tenn. Guaranteed Analysis— Protein 22%, F at 
5% , Crude Fibre 28% ,”  which had been shipped from Memphis, 
Tenn., to Asheville, N. C., and there found in original unbroken 
packages, were misbranded in that the label on said sacks 
represents the product to contain protein 22 per cent., fat 
5 per cent., crude fibre 28 per cent., when in truth and in fact 
but i8,.73 per cent, of protein, 4.69 per cent, fat, and 25.04 
per cent, crude fibre, and approximately 50 per cent, cottonseed



hulls were present in said product, and were adulterated in that 
the said contents were designated as cottonseed feed meal 
with intent to deceive and mislead the purchaser as to its quality.

The libel prayed process against all claimants to said feed 
meal, and seizure and condemnation of the same.

*1 he Asheville Grocery Company appeared as respondent in 
the above proceedings, whereupon the court, after parties had 
agreed to make statements of their evidence, found for the 
libelant and rendered the following decree:

I n  t h e  D is t r ic t  C o u r t  o f  t h e  U n i t e d  S t a t e s , W e s t e r n  
D i s t r i c t  o f  N o r t h  C a r o l in a . A t  A s h e v i l l e .

U n it e d  S t a t e s  o f  A m e r ic a

vs. C
120 S a c k s  o f  C o t t o n  S e e d  F e e d  M e a l . )

DECREE OF CONDEMNATION.

1  his cause coming on to be heard, and it appearing to the 
Court that upon the Libel fded herein, Warrant of Arrest was 
duly issued and served on the 7th day of June, 1909, and that 
by virtue of said Warrant, the Marshal has seized and now 
holds 116 sacks of Cotton Seed Feed Meal of the approximate 
value of $200.00 the said 116 Sacks of Cotton Seed Feed Meal, 
having been seized from the premises and in the possession of 
the Asheville Grocery Co. a partnership formed and doing 
business in the city of Asheville, N. C., within the said District 
and that the said Cotton Seed Feed Meal is now in storage and 
in the custody of the said Marshal; and it appearing that the 
Asheville Grocery Co. the respondent herein the owners of the 
said 116 bags of Cotton Seed Feed Meal, so seized were duly 
warned to appear herein and that due and legal notice and 
proclamation was given to all persons having or claiming to 
have any right, title or interest therein or in or to said property, 
to appear and answer said libel, and that said Asheville Grocery 
Co. have so appeared; the libelant and respondent each making 
a statement to the Court of their evidence and agreeing in open 
court to submit the same to the court and the court being 
now fully advised in the premises, finds for the libelant and 
finds that the said 116 sacks of Cotton Seed Feed Meal contains 
articles of food and that the said sacks are misbranded within 
the meaning of the Act of Congress of June 30, 1906, the same 
having been transported in interstate commerce from the City 
of Memphis, Tenn., consigned to the Asheville Grocery Co., 
at Asheville, N. C., being all of such consignment found in original 
unbroken packages, that is, the Court finds that the said articles 
of feed are misbranded in violation of the said Act of Congress 
in that said sacks and each of them contain protein 18.73 per 
cent., fat 4.69 per cent., crude fibre 25.04 per cent, and con
tain approximately 50 per cent, hulls, and that the said articles 
of feed were transported in interstate commerce and consigned 
and delivered to the claimant aforesaid, Wholesale dealers at 
Asheville, N. C.

The Court further finds that the articles of feed contained 
in said 116 sacks of Cotton Seed Feed Meal is not adulterated, 
poisonous or deleterious, but that the, violation of said Act 
of Congress is in the misbranding of the said sacks and that 
the same were consigned only to a wholesale dealer and not 
sold to the public for consumption.

Wherefore, it is Ordered, adjudged and decreed by the court 
that the said 116 sacks of Cotton Seed Feed Meal with the con
tents as aforesaid, be and they are hereby declared to be mis
branded in violation of the Act of June 30th, 1906, as is charged 
in said libel, and it is further ordered that the said 116 sacks 
of Cotton Seed heed Meal, with the contents as aforesaid, be, 
and they hereby are condemned and forfeited as provided for 
in the said A ct of June 30, 1906. It is provided, however, 
that upon the payment of all the cost in the proceeding herein 
including all Court, Clerk's and Marshal’s costs and costs of 
hauling, storage, watchmen and all other costs incident to or 
contracted in this proceeding, and the execution and delivery

166 T H E  J O U R N A L  O F  I N D U S T R I A L

by the said Asheville Grocery Co. to the libelant of a good and 
sufficient bond in the penalty of $250.00, conditioned that the 
said sacks of Cotton Seed Feed Meal, with the contents as 
aforesaid shall not be sold, or otherwise disposed of, contrary 
to the provisions of the said Act of June 30, 1906, or to the 
laws of any state, territory, district, or insular possession, 
that the said Marshal shall redeliver the said 116 sacks of Cotton 
Seed Feed Meal with such of their contents as they now contain 
or m ay contain at the time of such redelivery to the Asheville 
Grocery Co. in lieu of the retention and destruction thereof; 
The Clerk of this court will attach the costs in accordance with 
this order and furnish a copy thereof to claimants.

This June 18, 1909.
W m . T. N e w m a n ,

U . S . Judge presiding.
We consent to this decree:

T h o s . J .  R ic k m a n , Ally, for claimant.
A. L. C o b l e , /lwi. U. S. A tty.

The facts preceding the filing of the above libel were as follows: 
On or about June 4, 1909, an inspector of the United States 

Department of Agriculture found in the possession of the Ashe
ville Grocery Company, in original unbroken packages, 120 
sacks of product labeled as above described, which had been 
sold, invoiced, and shipped as Cotton Seed Feed Meal to the said 
company by the Tennessee Fibre Company, of Memphis, Tenn.
A  sample taken from the above consignment was analyzed in 
the Bureau of Chemistry of the United States Department of 
Agriculture and found to contain protein 18.73 per cent., fat 
4.69 per cent., crude fibre 25.04 per cent., and hulls, approxi
mately, 50 per cent. The misbranding and adulteration dis
closed by this analysis was reported by the Secretary of Agricul
ture, on June 5, 1909, to the United States Attorney for the 
Western District of North Carolina, who filed the above libel, 
with the result hereinbefore stated.

J a m e s  W il s o n , 
Secretary of Agriculture.

W a s h in g t o n , D. C., January 28, 1910.
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(Notice of Judgment No. 180, Food and Drugs Act.) M is
branding of a Drug— "Gowan's Pneumonia Cure.” — In ac
cordance with the provisions of Section 4 of the Food and Drugs 
Act of June 30, 1906, and of regulation 6 of the rules and regu
lations for the enforcement of the act, notice is given that on 
December 16, 1908, in the District Court of the United States 
for the Northern District of Illinois, a judgment was rendered 
in the case of the United States v. Gowan Medical Company, 
a corporation organized and existing under the laws of thé 
State of North Carolina and transacting business through a 
branch office at Chicago, 111., a prosecution upon an infor
mation in substance charging said defendant corporation with 
having delivered to the Baltimore and Ohio Railroad Company, 
at Chicago, 111., for shipment to Washington, D. C., four cases 
of a certain drug called "G ow an’s Pneumonia Cure,”  which was 
misbranded in the following particulars, viz-.

1. On a green circular enclosed in the carton and surrounding 
each of the bottles containing this drug, and thereby made a 
part of the labels descriptive of the said preparation, occurred 
this statement: " It is entirely different from any other remedy 
containing new principles never before applied; consequently, 
it cannot be substituted;”  which said statement was then and 
there false and misleading in this, that all the ingredients ih 
said preparation were and are well and commonly known and 
are constantly applied, singly or in combination, in the very 
manner directed by the instructions accompanying this 
preparation, and commonly used for the affections of the lungs, 
throat, and other portions of the body similarly affected.

2. On a green circular enclosed in the carton and surrounding 
each of the bottles containing this drug, and thereby made 
a part of the labels descriptive of said preparation, occurred



O F F IC IA L  R E G U L A T IO N S  A N D  R U LIN G S .

this statement: “ Supplies an easily absorbed food for the lungs 
that quickly effects a permanent cure;”  which statement was 
false and misleading in this, that there is no such thing as a 
food for the lungs separate and apart from a food that nourishes 
the whole body.

3. On a white circular also enclosed in the carton and sur
rounding each of the bottles containing the drug, and thereby 
made a part of the labels descriptive of said preparation, oc
curred this statement: “ It was endorsed and advertisement 
accepted by the American Medical Journal, as a valuable thera
peutic agent;”  which statement was false and misleading in this, 
that the said preparation was never advertised in the American 
Medical Journal and was never endorsed by the said American 
Medical Journal.

The information charged a further misbranding in that the 
labels printed upon the cartons containing the bottles filled 
with this preparation did not bear a statement of the quantity 
of opium contained in said preparation in a manner that could 
be easily read by the purchaser; but the statement of the amount 
of opium contained therein was printed in inconspicuous type 
in such an inconspicuous place that the proper notice of the 
poisonous contents of said preparation was not easily conveyed 
to the purchaser or person to whom it might.be transferred.

On the aforesaid date, the defendant pleaded guilty to the 
above information and was fined $200. The facts on which 
the prosecution was based were as follows:

On November 22, 1907, an inspector of the United States 
Department of Agriculture purchased from the Washington 
Wholesale Drug Exchange a sample of a drug preparation 
labeled and branded as above described, which had been shipped 
to said Exchange by the Gowan Medical Company from Chicago,
111., on or about November 18, 1907. This sample was analyzed 
in the Bureau of Chemistry of the United States Department of 
Agriculture and was found to consist of stearin, lard, turpentine, 
camphor, phenol, quinine sulphate, opium, and a trace of quinine 
alkaloid. The analysis having disclosed a misbranding of the 
drug, the said Washington Wholesale Drug Exchange and the 
said Gowan Medical Company were duly notified of the charges 
and were given an opportunity to be heard and were heard 
in regard to said misbranding. It  appearing that there had 
been a violation of the act, the Secretary of Agriculture, on. 
May 28, 1908, reported the facts to the Attorney-General. 
The case was then referred to the United States Attorney 
for the Northern District of Illinois, who filed the above infor
mation, with the result hereinbefore stated.

J a m e s  W i l s o n , 
Secretary of Agriculture.

W a s h in g t o n , D. C., January 28, 1910.

(Notice of Judgment No. 181, Food and Drugs Act.) M is
branding of a Drug— “ Eyelin."— In accordance with the provisions 
of Section 4 of the Food and Drugs Act of June 30, 1906, and 
of regulation 6 of the rules and regulations for the enforcement 
of the act, notice is given that on the 21st day of December, 
1908, in the District Court of the United States for the Northern 
District of Illinois, a judgment was rendered in the case of the 
United States against the Eyelin Company, a corporation of 
Chicago, 111., a prosecution upon an information in substance 
charging said defendant corporation with having delivered 
to the United States post-office at Chicago, 111., for shipment 
to Washington, D. C., a quantity of a drug preparation con
tained in a circular tin box, upon one side of which were printed 
the following words;

One Dollar Repairs and Rejuvenates 
Trade Mark E Y E L IN  Registered 

The Eye and Sight 
The E Y E L IN  CO., Chicago, U. S. A. 

and upon the other side of which were printed directions for 
the use of said drug, said box being surrounded by a  circular

entitled: “ How to Use Eyelin and Your Eyes,”  which said 
tin box and surrounding circular were placed in a blue paste
board box, upon the front of which were placed the following 
printed words:

Reshapes and Rejuvenates,
Trade Mark E Y E L IN  Registered,

The Eye and Sight, 
which said drug was misbranded in the following particulars:

(а) The label printed upon one face of the tin box containing 
said drug contained this statement: "Repairs and Rejuvenates 
the Eye and Sight," which said statement was false and mis
leading in this, that the perfumed vaseline enclosed in the 
circular tin box aforesaid, and constituting said preparation, 
had no properties capable of repairing the eye and the sight; and

(б) The label upon the blue pasteboard box in which the 
circular tin box containing the drug and the circular were placed 
contained this statement: “ Reshapes and Rejuvenates the Eye 
and Sight,”  which statement was false and misleading in this, 
that the perfumed vaseline enclosed in the said tin box, con
stituting the preparation, had no properties capable of reshaping 
and rejuvenating the eye and sight.

On December 16, 1908, the defendant pleaded guilty to the 
information and the court imposed upon it a fine of $10.

The facts upon which the above prosecution was based were 
as follows:

On or about February 13, 1908, an inspector of the United 
States Department of Agriculture purchased from the Eyelin 
Company, No. 1403 Washington Boulevard, Chicago, 111., a  
box of the drug preparation heretofore described, the same 
being delivered to him at Washington, D. C., through the 
United States mail. This sample was analyzed in the Bureau 
of Chemistry, United States Department of Agriculture, and 
found to consist essentially of perfumed or flavored vaseline, 
wherefore it was deemed misbranded, and the said Eyelin 
Company was duly notified of the charge and given an op
portunity to be heard, and was heard in regard to said mis
branding.

It appearing that there had been a violation of the act, the 
facts were reported to the Attorney-General on June 25, 1908, 
by the Secretary of Agriculture. The case was referred to the 
United States Attorney for the Northern District of Illinois, 
who filed an information against the Eyelin Company, with 
the result hereinbefore stated.

J a m e s  W i l s o n , 
Secretary of Agriculture.

W a s h in g t o n , D. C., January 28, 1910.

(Notice of Judgment No. 182, Food and Drugs Act.) M is
branding of a Drug— “  Bromo Febrin."— In accordance with 
the provisions of Section 4 of the Food and Drugs Act of June 
30, 1906, and of regulation 6 of the rules and regulations for the 
enforcement of the act, notice is given that on the 29th day 
of October, 1909, in the District Court of the United States 
for the District of Maryland, judgment was rendered in the case 
of the United States v. William H. Smaw, trading as W. H. 
Smaw & Company, a prosecution upon an information in sub
stance charging said defendant with having shipped from 
Baltimore, Md., to Detroit, Mich., one dozen packages of a  
drug called “ Bromo Febrin,”  which was misbranded in this, 
that the packages containing the same failed to bear a state
ment of the quantity or proportion of acetanilid contained 
therein; and which was further misbranded in that said packages 
bore the following statement: "E ach  Powder contains 4 Grains 
of Acetanilid,”  which said statement was false and misleading 
for the reason that said powders contained more than 4 grains 
of acetanilid, iiz ., nearly 6 grains; and which was further mis
branded in this, that said packages bore the statement “ Sure 
Cure for Headache and Neuralgia,”  which statement was then 
and there false and misleading because the article in said packages
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was not a  sure cure for headache and neuralgia; and which was 
further misbranded in this, that said packages bore this state
ment "Perm anent in Results,”  which statement was false 
and misleading for the reason that the article contained therein 
was not permanent in results; and which was further misbranded 
in this, that the packages containing the same bore this state
ment " I t  is Absolutely Safe,”  which said statement was false 
and misleading because said drug was not absolutely safe.

The defendant pleaded guilty to the information on the afore
said date, and the court imposed a fine upon him of $20.

The facts on which the above prosecution was based were 
as follows:

On or about February 1, 1909, an inspector of the United 
States Department of Agriculture purchased from the Michigan 
Drug Company, of Detroit, Mich., a sample of the drug here
tofore described, which was contained in a  consignment shipped 
to said dealers from Baltimore, Md., by William H. Smaw, 
trading as W. H. Smaw &  Company. This sample was analyzed 
in the Bureau of Chemistry of the United States Department 
of Agriculture, and each powder found to contain nearly 6 
grains of acetanilid. The analysis having disclosed a mis
branding of the drug, the Michigan Drug Company, and the 
said William H. Smaw, were duly notified thereof and were 
given an opportunity to be heard, and were heard in regard 
to said misbranding.

It  appearing that there had been a violation of the act, the 
Secretary of Agriculture, on July 31, 1909, reported thé facts 
to the Attorney-General. The case was thereupon referred 
to the United States Attorney for the district of Maryland, 
who filed an information against the said William H. Smaw, 
with the result hereinbefore stated.

J a m e s  W i l s o n , 
Secretary 0} Agriculture.

W a s h in g t o n , D. C., January 28, 1910.

(Notice of Judgment No. 183, Food and Drugs Act.) Adul
teration and Misbranding of Powdered Colocynth.— In accordance 
with the provisions of Section 4 of the Food and Drugs Act 
of June 30, 1906, and of regulation 6 of the rules and regulations 
for the enforcement of the act, notice is given that on the 7th 
day of October, 1909, in the District Court of the United States 
for the District of Maryland, judgment was rendered in the case 
of the United States v. Gilpin, Langdon &  Company, Inc., a 
prosecution upon an information in substance charging said 
defendant corporation with having shipped from Baltimore, 
Md., to Cincinnati Ohio, 3 pounds of a  certain drug, which 
was then and there adulterated, in that it was then and there 
sold under a name, to wit, "Powdered Colocynth,”  recognized 
in the United States Pharmacopoeia and National Formulary, 
and then and there differed from the standard of strength, 
quality, and purity as determined by the test laid down therein, 
in this, that the standard of strength, quality, and purity as 
determined by said test requires that in colocynth ready for 
use the seeds should be separated and rejected, whereas, the 
colocynth shipped as aforesaid contained a mixture of pulp 
and seeds; and which said drug was misbranded in this, that 
the packages containing the same then and there bore a statement 
regarding the ingredients and the substances contained therein 
which was false and misleading for the reason that it represented 
said drug as consisting of powdered colocynth, whereas, in truth 
and in fact, said contents consisted of powdered colocynth 
mixed with a quantity of seeds.

On the aforesaid date the defendant pleaded guilty to the 
information, and the court imposed upon it a fine of $25.

The facts on which the above prosecution was based were 
as follows:

On or about August 11, 1908, an inspector of the United States 
Department of Agriculture purchased a sample of the drug 
heretofore described from Theodore Rosenthal, Eighth and

Vine streets, Cincinnati, Ohio, which sample was contained 
in a consignment of said drug shipped to said dealer from B alti
more, Md., by Gilpin, Langdon &  Company. This sample 
was analyzed in the Bureau of Chemistry of the United States 
Department of Agriculture and found to consist of the entire 
fruit, pulp, and seeds ground. The analysis having disclosed 
an adulteration and a misbranding of the drug, the said Theodore 
Rosenthal and the said Gilpin, Langdon & Company were duly 
notified of said charges, and were given an opportunity to 
be heard, and were heard, in regard to said adulteration and 
misbranding; whereupon, it having appeared that there had 
been a violation of the act, the Secretary of Agriculture, on 
July 28, 1909, reported the facts to the Attorney-General; the 
case w'as then referred to the United States Attorney for the 
District of Maryland, who filed an information against the said 
Gilpin, Langdon & Company, Inc., with the results herein
before stated.

J a m e s  Wi l s o n , 
Secretary of Agriculture.

W a s h in g t o n , D. C., January 28, 1910.

(Notice of Judgment No. 184, Food and Drugs Act.) Misbrand
ing 0/ a Drug— “ Radol."— In accordance with the provisions 
of Section 4 of the Food and Drugs Act of June 30, 1906, and 
of regulation 6 of the rules and regulations for the enforcement 
of the act, notice is given that on February 3, 1909, and October 
1, 1909, respectively, judgments were rendered in two cases 
of the United States against Dennis Rupert Dupuis, both 
prosecutions upon informations identical in terms except as 
to the dates of the shipments alleged. The first information, 
in one count thereof, in substance charged the defendant with 
having shipped from St. Louis, Mo., to Washington, D. C., 
a certain bottle then and there labeled "T h is  bottle contains 
Radol (Registered Trade Mark), a radium impregnated fluid 
prepared according to the formula and under the supervision 
of Dr. Rupert Wells, St. Louis, Missouri. This fluid is not 
expected to retain its radioactivity beyond forty days from 
the date of this label. For External use. Name, E. G. Henson. 
Address, Washington, D. C. Date Feb. 22, 1908. Directions: 
T o be used as directed by letter. Signature, D. R. Wells, 
M.D. Keep this bottle in a  dark cool place;”  the contents 
of which said bottle were misbranded in that the statements 
upon the label were false and misleading for the reason that 
said bottle contained a  liquid which was not radium impregnated 
and which had no radioactivity beyond that of ordinary w'ater, 
and further that the name Dr. Rupert Wells was a false and 
fictitious name, and that said fluid was not prepared according 
to the formula of a Dr. Rupert Wells or under his supervision; 
and in the second count thereof charged said defendant with 
having shipped from St. Louis, Mo., to Washington, D. C., 
a certain bottle then and there labeled “ This bottle contains 
Radol (Registered Trade Mark), a radium impregnated fluid 
prepared according to the formula and under the supervision 
of Dr. Rupert Wells of St. Louis, Missouri. This fluid is not 
expected to retain its radioactivity beyond forty days from 
date of this label. For internal use. Name, E. G. Henson. 
Address, Washington, D. C. Date, Feb. 22, 1908. Directions: 
Take one tablespoonful in a wine glass of water before each 
meal and at bed-time. Signature, D. R. Wells, M.D. Keep 
this bottle in a  cool dark place;”  the contents of which said 
bottle were misbranded in that the label was false and misleading 
in the following particulars: The said liquid was not radium 
impregnated and had no radioactivity, and further in that the 
name Dr. Rupert Wells was a  false and fictitious name and that 
said fluid was not prepared according to the formula of a Dr. 
Rupert Wells, or under the supervision of a Dr. Rupert Wells, 
and which was further misbranded in that the said liquid con
tained approximately 6.99 per cent, of alcohol, and that the 
label upon said bottle did nof state the proportion of alcohol
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contained in said liquid or that the liquid contained any

alcohol. j
The defendant pleaded guilty to both «formations and on

the dates aforesaid was fined $100 and $50, respective y.
The facts upon which the prosecutions were based were as

follows: , . .
An inspector of the United States Department of Agriculture, 

upon two occasions, purchased samples of the drug heretofore 
described from Dennis Rupert Dupuis, St. Louis Mo The 
samples were analyzed in the Bureau of Chemistry of the United 
States Department of Agriculture and found not to be radium 
impregnated liquids, not to have any radioactivity beyond 
that of ordinary water, and to contain approximately 6.99 
per cent, of alcohol. The analyses having disclosed an ap
parent misbranding of the liquids, the said Dennis Rupert 
Dupuis was duly notified thereof in each case and given an 
opportunity to be heard, and was heard, in regard to said mis
branding. Thereupon it appeared that there had been viola
tions of the act, and the Secretary of Agriculture, on December 
8 , 1908, and April 23, 1909, reported the facts to the Attorney- 
General. The cases were referred to the United States Attorney 
for the Eastern District of Missouri, who filed the informations 
against the said Dennis Rupert Dupuis, with the results herein

before stated.
J a m e s  W i l s o n , 

Secretary oj Agriculture.

W a s h in g t o n , D. C., February 7, 1910.

(Notice of Judgment No. 189, Food and Drugs Act.) Adul
teration and Misbranding of V ineg ar.-In  accordance with 
the provisions of Section 4 of the Food and Drugs Act of June 
30, 1906, and of regulation 6 of the rules and regulations for 
thé enforcement of the act, notice is given that on the 27th 
day of August, 1909, in the District Court of the United States 
for the Eastern District of Michigan, in a prosecution by the 
United States against the Gordon Vinegar Company, a cor
poration of Pontiac, Mich., for violation of section of the afore
said act in shipping and delivering for shipment from Michigan 
to Ohio an adulterated and misbranded vinegar, the said G° rd° n 
Vinegar Company entered a plea of nolo contendere and the 
court sentenced it to pay the cost of the case.

The facts in the case were as follows:
On February 18, 1909, an inspector of the Department o 

Agriculture purchased from the W. W. Harper Company, 
Zanesville, Ohio, a sample of a  food product labeled: or on
Vinegar Co. 46. Apple Cider Vinegar. Fermented. Pontiac, 
Mich.,”  which was part of a shipment made by the Gordon 
Vinegar Company from Pontiac, Mich., to the said . ■
Harper Company on or about December 26, 1908. 1  he sample
wasïanalyzed in the Bureau of Chemistry of the United States 
Department of Agriculture and following results obtained and

stated:
  1 . 9 1

   1 .16
R e d u c in g  s u g a r  i n v e r t .................................................................................  g
P er cent, sugar in  solids.......................................................................    ‘
Polarization, d irect, tem p. °C. 26 ....................................................   •
P olarization, invert, tem p. °C. 26 ..............................................
A sh ..........................     * 20 l
A ik. sol. asli (cc. N /10  a d d  per 100 cc.).......................................... •
Sol. pbos. acid (mgs. per 100 cc.)..............................................

Insol. phos. acid. (mgs. per 100 c c . ) ........................................  '4  64
Acid, as acetic (wines ta r ta r ic )...................................................  ‘4 .04
Volatile acid, as ace tic ...................... .................................. Q
Fixed acid, as m alic (wines, ta r ta r ic ) .......................................  Sm all
L ead p rec ip ita te .................................     ^ Q
Color, degrees, brew er’s  scale 0.5 in ................................................  ■
Color rem oved by  Fu ller’s earth  (per c en t.) ..........................  « .  ̂
A sh in solids (per c en t.)................................................................  tiyc
S a l ic y l a t e s  a n d  b e n z o a t e s .................................................................

R atio  (per c en t.) .............................................  >1 ■9
PjOc to ta l

Vinegar, cider vinegar, apple vinegar, as recognized by re
liable manufacturers and dealers, is the product made by the 
alcoholic and subsequent acetous fermentations of the juice 
of apples. The analysis of the aforesaid sample disclosed that 
it  contained dilute acetic acid, or distilled vinegar, and a  foreign 
material high in reducing sugars. Hence the article was adul
terated within the meaning of Section 7 of the act in that a mixture 
of dilute acetic acid, or distilled vinegar, and a foreign 
material high in reducing sugars had been substituted who y 
or in part for the vinegar which it purported to be, and was 
misbranded within the meaning of Section 8 of the act in a 
it was labeled "A p p le Cider Vinegar,”  which statement was 
false, misleading, and deceptive because it was not an apple 
cider vinegar, but a mixture of dilute acetic acid, or distilled 
vinegar, and a foreign substance high in reducing sugars.

It  appearing from the aforesaid analysis that the article was 
adulterated and misbranded, the Secretary of Agriculture gave 
notice to the W. W. Harper Company, the dealer from whom 
the sample was procured, and also to the Gordon Vinegar Com
pany, the manufacturer and shipper, and gave them an op 
portunity to be heard. The Gordon Vinegar Company being 
the party solely responsible for the adulteration and misbranding 
of the article and failing to show any fault or error in the result 
of the aforesaid analysis, and it being determined that the 
article was adulterated and misbranded, on July s6,,19 0 9 , 
the said Secretary reported the facts and evidence t o  the Attorney- 
General, by whom they were referred to the United State? 
Attorney for the Eastern District of Michigan, who filed a 
information against the Gordon Vinegar Company, with the 

result hereinbefore stated. JaMES W iuson,

Secretary oj Agriculture.

W a s h i n g t o n , D. C., February 7, 1910.

CORRECTION.

My attention has been called to the fact that in my paper 
in the December number of T h i s  J o u r n a l  on the o urne r 
Estimation of Potassium”  some error in reference occl'rre^. 
On page 796 it was stated that the average of a number of 
results secured by Mr. W. A. Drushel was 104.2 per cent., and 
the individual results were given. This it  proves51s! an error 
on m y part; as a matter of fact the results of his Table I *ere  
secured by the use of the Adie and Wood method, hence should 
be excluded from the average. This makes a much better gen 
eral showing for his method, and I am glad to take this oc
casion to rectify m y mistake in the matter.  ̂ ^ BowSER
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=  “E 4  A” Laboratory Centrifugal Machine
“ CYCLONE” N ew  Type “B” 

For Hand or ToWer Drive

P o w e r -d r iv e n  M ach in e S h o w in g  th e  B asket and C a sin g  R em oved .

T h e  foremost m a c hin e  f o r  the rapid and e a s y  separa«  
tion of p recipitates  and cry stals  from their mother liq= 
uors, and to free liquids or solutions o f  the solids they  
hold in suspension.

In the separation the c r y s t a ls  obtained retain their  
natural sh a p e  and are almost dry.

In this machine (lie fillin g  and emptying o f the basket and the cleaning o f  all 
parts can be effected with the greatest facility. N o parts need be unscrewed. The 
basket also its casing are lifted out o f  the machine and replaced in position with ease.

Machine With basinet o f  bronze  and brass 5 inches di
ameter, 4 inches high, With removable croWn, for
hand or poWer drive. P r ic e .................. $50.00

"Porcelain lining o f the upper c a s in g ....................$ 2.50
Tinning o f  brass  b a s k e t ....................................$ 1.25

Descriptive Pam phlet on Request.

I
E I M E . R  6  A M E N D

N E W  Y O R K

H ead qu arte rs  fo r  C h e m ic a l  A p p a r a t u s ,  C h em ica ls,  etc.  
L a rg e st  and Most C o m p le t e  S t o c k  in the U.  S.
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PROFESSIONAL DIRECTORY

Charles 0 .  Kawin Co.
C h e m is t s  Me t a l l u r g is t s

L a b o r a t o r i e s  :
C h i c a g o , I I I . ;  D a y t o n , O h i o  

T o r o n t o , C a n .

m arin e r $  Boskins
C h e m is t s  üü? As s a y e r s

31  SOUTH CLARK STREET n-10

CHICAGO

E R N E S T  W ILKINSON, C ounsellor a t Law;
S A M U E L  T .  F IS H ER , F o rm erly  Asst. C om m issioner o f P a ten ts , 

a n d  P rin c ip a l E x a m in e r  o f one o f  th e  C hem ical D ivisions, 
U. S. P a te n t Office.

T H O M A S  A .  W I T H E R S P O O N ,  M .S., L a te  P rin c ip a l E x a m in e r  
D ivision o f  E lec tro -C hem istry  a n d  M eta llu rgy , U. S. P a ten t 
Office.

W ilk inson, F isher &  Witherspoon
Chemical, Electro-Chemical and Metallurgical.

Patent Practice.
O u ray  Building,  W ash in gton , D. C.,  and a Rector Street,  

N ew  York. 3-10

C. C. P arker, Itl.S .
SOLICITOR OP CHEMICAL PATENTS

S u i t e  6  M c G i l l  B o i l d i n q

W A SH IN G TO N , D. C.

12-10

The Columbus Laboratories
C h ica g o , I llin o is

Departm ents

M e d ic a l F ood  C o m m erc ia l 

M ill in g  and  B a k in g

E x p ert Staff o f  C o u r t  and  M ed ico -L egal 
C o n su ltan ts  W o rk

3-10

J .  Fred Hinckley, S.B.
Chemical Engineer M. I. T. ’93.

In s tru c tio n  g iven  in  th e  m a n u fa c tu re  o f  all k inds o f  Soaps, Soap 
P o w d ers , S co u rin g  P o w d ers , Soap Pastes, E tc. 

A n a l y s i s  m a d e  o f  
Soaps, Soap P o w d ers , T a llo w , O ils and  C ru d e  an d  R efined  

G ly cerin e .
’Phone 4203 M ain, B R O O K L Y N , N . Y. 4-xo

Fred N. Arnold, Jr.
Chemical Engineer 

Practical Scientific Solution of Problem s in
O IL S , F A T S  A N D  S O A P S .

61 Ringold Street, D ayton, O . 4-10

Edw ard Gucleman, Ph.D.
ßonsultinfl ßbemist and Industrial engineer

Food a n d  T echnical E x p e r t before  C om m issions a n d  C ourts. 
Advice on Rules. R egulations, L abeling  an d  R equ irem en ts  u n d e r 
F edera l a n d  S ta te  Food L aw s. G eneral C hem ical A nalyses, In v es
tig a tio n s  an d  R esearches.

Chicago, Illinois >=-»°

Samuel P. Sadder $  Son
C on su ltin g  and A n a ly tic a l C hem ists

A nalyses an d  rep o rts  m ade in a ll b ran ch es  o f In d u s tria l 
C hem istry .

Expert assistance in the Development o f Chemical Pro
cesses and Patents, and Preparation of Testi

mony in Chemical Patent Suits.
2.10 Philadelphia, Pa.
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PLATINUM
IN A N Y  FORM FOR A N Y  PURPOSE

RETORTS  
PANS  

CRUCIBLES  
DISHES 

W IRE FOIL  
ETC.

J.BISHOP & GO, PLATINUM WORKS
E S T A B L IS H E D  1842 12-10

MALVERN, PENNA., U. S. A.

Dearborn Drug and 
Chemical Works

Makers of 
Treatment for 
Boiler Waters

AS PER ANALYSIS

Operators of A nalytical Laboratories

Physical Testing and Analysis 
of Lubricating Oils

M a in  Offices and Lab ora to r ie s
M c C o r m i c k  B u i ld i n g

CHICAGO
R O B E R T  F. C A R R , W . A. C O N V E R S E , 

President. Chemical Director.

T h a  N e w  W e s t o n  A l t e r n a t '  
i n g  C u r r e n t  S w i t c h b o a r d  
A m m e t e r s  and V o l t m e t e r s
w ill be found  v astly  su p erio r in  ac
cu racy , du rab ility , w o rk m a n sh ip an d  
fin ish  to  a n y  o th e r  in s tru m e n t in 
te n d ed  for th e  sam e service .
T h e y  a r e A B S O L U T E L Y  DEAD B E A T  and 

E X T R E M E L Y  S E N S I T I V E .  
T h e i r  i n d i c a t i o n s  a r e

P R A C T I C A L L Y  IN D EP EN D EN T  
O F  F RE Q U E N CY  a n d  a l s o  o f  
W AV E F ORM .

T h e y  a r e  P R A C T I C A L L Y  F R E E  FROM 
T E M P E R A T U R E  ERROR.

T h e y  r e q u i r e
E X T R E M E L Y  L I T T L E  POWER 
TO O P E R A T E ,  AND T H E Y  ARE 
V E R Y  LOW IN PRI CE .

T h e  N e w  W e s t o n  P o r t a b l e  
A l t e r n a t i n g  - C u r r e n t  A m 
m e t e r s ,  Mi l l i  - A m m e t e r s  
and V o l t m e t e r s

possess th e  sam e e xce llen t 
ch a rac te ris tic s .

T h e  p e rfo rm an c e  of a ll th e se  in- 
s tru m e n ts  w ill be a reve la tion  to 
u sers  o f  a lte rn a tin g -c u rre n t a p 
p a ra tu s.

N e w  W e s t o n  E c l i p s e  D i r e c t  
C u r r e n t  S w i t c h b o a r d  A m 
m e t e r s ,  M i l l i  - A m m e t e r s  
a n d  V o l t m e t e r s  a re  o f th e  "S o ft 

I ro n "  o r  E lec
tro -m a g n e tic  ty p e ; bu t th ey  possess 
so m an y  novel an d  va luab le  ch a r
ac ter is tic s  as  to  p rac tic a lly  c onstitu te  
a  new  ty p e  of in s tru m e n t.

T hey  a re  exceedingly cheap , b u t a re  re m a rk a b ly  accu ra te  and  w ell m ade 
a n d  n icely  fin ished  in s tru m e n ts , and  a re  ad m irab ly  ad ap ted  for gen era l 
use  in  sm a ll p la n ts , w h e re  cost is  freq u en tly  an  im p o r ta n t considera tion . 
C orrespondence c o n ce rn in g  th e se  new  W eston in s tru m e n ts  is so lic ited  by

Weston Electr ical  Instrument  Co.
N ew  Y ork Oifice, 114 l ib e r ty  S t. W a v e rly  P ark, N e w a r k ,  N . J .

■ -----------------------------------------  - i i

C . O . BAKER, P res. C . W. BAKER. V ice-Pres.

P L A T I N U M

CRUCIBLES and DISHES 
ANODES and CATHODES 
WIRE SHEET and FOIL

P L A T I N U M  IN S P E C I A L  

FORMS MADE TO  DRAWING

Scrap purchased or exchanged 
Write for Catalogue.

BAKER & CO., In c .
408-414 N. J. R. R. Ave., 

NEWARK, N. J.
N. Y. OFFICE - - 3 0  CHURCH ST.



Let MERCK 
Make the 

“ Blank”  Test 
For You

To that end, buy

MERCK’S BLUE LABEL REAGENTS

M E R C K  &  C O .
NEW Y O R K
ST . LOU IS 
R A H W A Y , N. 3.

Specify "Baker’s Analyzed”

A cid Hydrofluoric, C. P.
on yo u r orders and be sure of getting the P U R E S T  acid obtainable. B y  carefu lly  distilling 
a high-grade com m ercial product through pure platinum  vessels into ceresine bottles w e  are 
sure o f getting the highest qu ality  acid. It is put up in 1 o z„  ¿4 lb., K  an<̂  * bottles for 
y o u r convenience. Sp ecify  “ B A K E R ’S** on yo u r next order.

J. T. BAKER CHEMICAL C O M PA N Y ,
P H IL L IP SB U R G , N E W  J E R SE Y . «•«>


