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S8UGAR TESTING IN THE UNITED STATES CUSTOMS
SERVICE.
BY HERBERT T. WADE.

The largest and most important single item on
which duties are collected in the United States Cus-
toms Service is sugar; and as the annual imports
represent approximately
some ninety million dol-
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rotate a beam of plane-polarized light, the amount of
rotation varying with the quantity of pure sugar in
the unit volume of the solution. The apparatus con-
sists essentially of a source of light, a Nicol or other
polarizing prism, by which the light is polarized or
caused to vibrate in a single plane; a plate of quartz
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order to neutralize the rotation of the sugar solution.
Now, as the thickness .of quartz equivalent to a stan-
dard sugar solution can be determined with high pre-
cision, it is possible to read off directly in terms of
sugar degrees the strength of the sugar solution when
made by dissolving 26 grammes of sugar in 100 cubic

centimeters of water. If

lars, it is of interest to
consider how this duty is
collected, since it depends
upon the exact and scien-
tific determination of the
quality of the sugar in
each individual cargo.
Raw sugar of commerce is
graded according to its
color, the cruder and
coarser varieties on ac-
count of their various im-
purities being much dark-
er than the pure or re-
fined product. According-
ly, the sugar trade recog-
nizes certain standards- of
color, to which arbitrary
numbers have been as-
signed and which are
known as the Dutch stan-
dard. These standards are
available for use in the
form of fifteen graded
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the 26 grammes of sugar
were chemically pure, the
quartz wedges when ad-
justed would be a direct
reading for any lesser
purity or strength of the
sugar solution. Ordinari-
ly, the tubes in which the
sugar solution is contain-
ed, and through which the
beam of polarized light
passes, are 200 millimeters
in length, with a second
tube of 100 millimeters in
length in case the solution
is so dark from impuri-
ties as to prevent the pas-
sage of sufficient Ilight.
The adjustment of the
polariscope, of which there
are many forms, consists
in making the two halves
of the field similar in in-
tensity, just as in the pho-
tometer. The most fre-

samples of raw sugars in
sealed bottles of clear
glass ranging from No. 6,
a dark brown, to No. 20,
almost white. They are prepared annually by a firm
of chemists in Holland for sugar chemists and the
trade generally.

But to determine the actual amount of pure sugar
or sucrose, C;,H,,O0,,, in a sample of commercial sugar
is a far more delicate matter, and not only at the
custom house but at almost every stage in sugar manu-
facture requires the use of the polariscope. This in-
strument, which is made direct-reading, when once
understood is remarkably simple in its use, and gives
at once the percentage of pure sugar in the sample
under examination.

The underlying principle of the sugar-testing polari-
scope is that a solution of sugar in water is able to

The Polariscope Bench Where Strength of Sugar Solutions Is Determined.

Have Been Rolled Back to Show the Instrument.

or other device to divide the polarized beam into two
parts, so that either there is an angle between the
planes of polarization or one of the two beams is
retarded by a half wave length; a closed tube contain-
ing the solution of sugar, through which the polarized
beam passes and is rotated; a compensator consisting
of two wedges of quartz, one having the power to
rotate the beam in a right-hand direction and the
other in a left-hand; an analyzing or Nicol prism to
detect the plane of polarization of the beam; and
finally, a telescope in order to render distinctly visible
the field of vision. The position of the two quartz
wedges with respect to each other can be varied so as
to produce any desired thickness of quartz plate in

At the Right the Curtains

quently used polariscopes
employ white light, as
from a small incandescent
lamp or an incandescent
gas burner, and are usually of what is termed the half-
shade type. In this the light coming from the polar-
izing prism is plane-polarized in two planes with a
small angle intervening, known as the polarization
angle. Now, when this beam of light is examined
with an analyzer, if the plane of polarization of the
latter is placed at right angles to the line bisecting the
angle of polarization, both halves of the field will
appear equally illuminated, but any variation from
this position causes the analyzer to transmit more of
one beam than the other, and consequently to make
that side of the field correspondingly brighter. Varl-
ous devices are employed in polariscopes for securing
(Continued on page 170.)

The Sugar Testing Laboratory at the Appraisers’ Stores, New York.
All Imported Sugar Is Here Tested.

Mixing Room. Samplex Received from Docks Are Thoroughly Mixed
and Small Samples for the Laboratory are Prepared.

One of the Balance Rooms Where 26 Grammes of Sample Are Weighed
and Then Washed into a 100 Cubic Centimeter Flask.
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Filtering the Sugar Solutions. Large Bottles Contain Clarifying Agent
(Subacetate of Lead). Polariscope Tnbes in the Foreground,
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SUGAR TESTING IN THE UNITED STATES CUSTOMS

SERVICE,
(Concluded from page 168.)
this end, and in the Lippich system used in the U. S.
Customs Service, the two beams of polarized light are
produced by two separate Nicols, the smaller of which
covers but one-half the field of the larger. Recently,
at the National Bureau of Standards, Mr. Frederick
Bates, who is in charge of the work on polarimetry,
has devised a polariscope where the angle between
the polarizing and analyzing Nicols can be varied for
different conditions of solution, thus acquiring the
greatest sensitiveness and adaptability to various
liquids. A polariscope constructed on this system has
the analyzing Nicol and the large Nicol of the polariz-
ing system mounted in bearings and joined by gears
with a connecting rod. By rotating the rod with a
milled head, the two Nicols are rotated, and the
analyzing Nicol receives one-half the angular displace-
ment of the large Nicol of the polarizing system. A
circular scale shows the polarizing angle for any posi-
tion of the Nicols. The apparatus in addition pos-
sesses the advantage of having a sensitive thermome-
ter, graduated to one-fifth deg. C., placed between the
quartz wedges, and the instrument has a high range of
accuracy, enabling the better grades of sugar to be
measured with correctness to 0.01 deg. S. This type
of polariscope is now used in the control tests at the
National Bureau of Standards, and doubtless will be
supplied to the chemical laboratories at the Appraisers’
Stores.

The duties on sugar are collected under the provi-
sions of the tariff law of 1897, which provides a speci-
fic duty of 0.95 cent per pound for sugar under Dutch
standard No. 16 in color, testing not above 75 deg. by
the polariscope, with 0.035 cent additional for every
additional degree, while for sugar above No. 16 Dutch
standard and on all refined sugar there is a duty of
1.95 cents per pound. Thus the duty levied by the
government essentially is based on the percentage of
pure sugar contained in the raw sugar imported as
determined by polarimetric examination. In collecting
the duty, therefore, the problem is one of determining,
first, the exact amount by weight of sugar in a given
cargo, thus verifying the invoice; second, a proper
sampling of the individual packages of the cargo, in
order to afford a basis for subsequent classification
and examination; third, the chemical and polariscopic
determination of the quality of the sugar, in order to
appraise the duty according to the tariff act.

In the United States imports of sugar come almost
exclusively to the four great sugar ports, New York,
Boston, Philadelphia, and New Orleans, and more re-
cently, since the prominence of Hawaiian and Philip-
pine sugar, to San Francisco. At each of these ports
at the Appraisers’ Stores are maintained sugar-testing
laboratories. The weights, measures, and polariscopic
apparatus are standardized and tested from time to
time by the National Bureau of Standards at Wash-
ington, which institution also maintains a general
supervision over the accuracy of the work by check-
ing the measurements of the different samples tested
at. the various ports by independent measurements of
its own.

When sugar is imported and is discharged from the
hold of the ship under the direction of the custom
inspectors, the first duty is to see that it is properly
weighed, the government weighers recording for each
half day the weight of all wet sugar, damaged sugar
not wet, ship sweepings, dock sweepings, and other
sugar, making proper returns to the examiner or
sampler in charge. Next comes the taring, or deduct-
ing the weight of the containing packages. If the
sugar is in tierces, hogsheads, or other irregular or
wooden packages, the sugar is removed and the actual
tare is taken; while if the sugar is in bags, baskets,
or mats, a certain percentage is allowed by the gov-
ernment regulations, unless the weigher in charge may
deem actual weighing essential. As this weighing can
be done and is done at the wharves of the sugar re-
fineries, where sugar cargoes usually are discharged
directly, it is of course possible to do the taring
with considerable accuracy when the original pack-
ages are emptied.

The government samplers are required to take sam.
ples of the different kinds of sugar making up a cargo,
and-also samples of each package, using various forms
of sugar triers, and emptying the samples thus ob-
tained into tin buckets of specified size and form,
which as soon as labeled are locked and sent to the
Appraisers’ Stores. Great care is taken in this sam-
pling that the samples taken shall represent the dif-
ferent packages as correctly as possible, and that the
sugar buckets shall be locked and under official custody
from the time the samples are taken until they reach
the Appraisers’ Stores. In weighing, inspection, and
sampling, the different government officers are kept in
rotation on the various docks, and the greatest care
is manifested over the discharge of cargoes of sugar.
The sugar samples must reach the Appraisers’ Stores
by the following day, and there they come under the
direct control of the appraiser and his subordinates.
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Refined sugars too must be tested, and also molasses,
adequate samples being taken just as in the case of
raw sugars.

At the Appraisers’ Stores the first test is to classify
the sugars by color according to the Dutch standard
as provided in the tariff act, and this is done by ex-
perts in the Appraisers’ Office, especially if any of
the portions are found to be close to No. 16 Dutch
standard in color. In case the samples are found

above No. 16, they are preserved and sealed, with full

data of the shipment, including name of the importer,
dates, etc. At the classification room the samples are
mixed from not more than three buckets for testing in
the laboratory. Two tin cans full of this sugar, with
a third as a reserve sample, are prepared, and these
without other identification mark than the serial num-
ber, are transmitted to the laboratory. The regula-
tions provide that not less than two complete tests by
different experts shall be made of each sample sent to
the laboratory. If the polarization shown by the two
tests is at 92 deg. S (sugar degrees) or above, and if
the tests agree within 02 deg. S., the average of the
two polarizations is accepted as the test of the sample.
If the polarization is less than 92 deg. S. and the
two tests agree within 0.3 deg. S., the average of the
two is taken as the test of the sample. In case the
agreement is not within the limits mentioned, the
regulations provide for additional tests and also for.
retests. Once the sugar is tested, the importer is
notified by the appraiser of the average test of the
cargo, and also the quantity and test of each lot from
which such average test is obtained. The importer
has two days within which to claim an error and re-
quest a retest, which may be allowed by the appraiser.
for reasons deemed by him sufficient. The classifica-
tion of the sugar in case of retest is based upon the
average of the test and the retest, unless the appraiser
is convinced that one or the other is in error. In
determining the duty on imported molasses, groups
of packages are sampled and classified, and if the
molasses is imported in a tank vessel, an average is
made of the test of samples taken during the dis-
charge of the vessel. If the samples are thought to
contain syrup of cane juice, they are subject to cheém-
ical analysis. In this event, if the polarization of the
dry substance is above 75 deg. S., the sample is con-
sidered syrup of cane juice within the meaning of the
tariff; but if the polarization of the dry substance is
less than 75 deg. S., it is considered as molasses, which,
according to the Treasury Department, is the liquid
residuum drained or purged from raw sugar, while
the syrup of cane juice is the juice of the cane highly
concentrated, but not to the point of crystallization.

To assure perfect uniformity in the testing of im-
ported sugars, it is provided that on each alternate
day a sample of the sugar shall be tested at each of
the ports of Boston, New York, Philadelphia, New
Orleans, and at the same time, duplicate samples of
the same sugars shall be exchanged between the ap-
praisers of the said ports and the Bureau of Standards
at Washington for duplicate tests. These tests are all
reported to the Treasury Department, and thus guar-
antee the uniformity of the work of testing and the
classification. On alternate days also, samples of
sugars are tested as to dry substance at these ports,
and duplicate samples are prepared and exchanged in
the same manner, the tests indicating the direct polari-
zation and the percentage of moisture in the original
substance. As the tariff provides in part that sugars
after being refined, when tinctured, colored, or in any
way adulterated, shall pay special rates of duty, spe-
cial examinations must be made at the five sugar
ports, and also in the case of sugars which are sub-
ject to an additional duty where foreign countries
impose an export bounty, and the same depends on
the polariscopic tests of the sugar, although all other
refined sugars, such as cut-loaf, crystals, crushed, or
granulated sugar, are deemed to have tested at least
995 deg. S. when exported from the country of pro-
duction.

It will be obvious from the foregoing that the polar-
ization test is the most important part of the proceed-
ings, and it is a quantitative, scientific examination
which must be carried on with the greatest accuracy.
In fact, several years ago there was considerable dis-
content on the part of importers with the polariscopic
work of the customs officials, and the matter was car-
ried into the United States courts, as the accuracy of
the determinations was disputed. The Bureau of
Standards on behalf of the national government was
able to demonstrate the accuracy of the polariscopic
apparatus by evidence of the most conclusive tests, so
that the government won the suit, which involved at
least several hundred thousand dollars.

The sugar-testing laboratory, where the pelariscope
is installed, usually is a room as far removed as pos-
sible from the vibration of machinery and away from
any source of heat which cannot be controlled. The
polariscopes. are placed in the darkest corner of the
room, and the top of the table on which they are set
is surrounded on three sides by blackened partitions
or ¥alls not less than three feet in height, or suitable
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curtains of opaque material are hung around the
polariscope to cut off interfering light. The instru-
ments themselves must be exposed to the free circula-
tion of the air from the remainder of the room, and
the lamp must be 200 millimeters from the instru-
ment and back of the partition, with a small opening
for the beam to go through. The great point is to
keep the polariscope away from such essential features
of a chemical laboratory as ovens, assay furnaces, hot-
water heaters, or other sources of heat, and also away
from the direct rays of the sun. The standard tem-
perature for sugar testing is 20 deg. C. or 68 deg. F,

- All apparatus, such as the measures of volume, polari-

scope tubes, quartz control plates, thermometers, and
‘weights, previously must be tested and standardized
at the Bureau of Standards. The thermometers are
graduated to the Centigrade scale of not less than one-
tenth of a degree. In testing the sugar, the contents
of the can are thoroughly mixed by stirring with a
spoon, and then 26 grammes are weighed on the bal-
ance in a German-silver dish, the operation being done
as rapidly as possible, so that the sample does not
suffer loss of moisture, as may happen, especially in
a warm room. This weighed amount of sugar is then
washed by means of a jet of water into a closed flask
containing. 100 cubic centimeters, in which all the
sugar must be dissolved. If the solution thus ob-
tained is clear and transparent, it can be filtered and
the 200-millimeter .polariscope tube is filled and the
cover glasses and screw caps placed in position on the
ends. .In case the liquid is not clear and transparent,
a clarifying solution, such as subacetate of lead, is
added, and the solution filtered as before, while in
the case of a very dark solution, such as dark-colored
molasses, when it is too dark to polarize even in the
100-millimeter tube, boneblack may be used in the
filter. Before any reading is made on the polariscope
tube, a quartz control plate that has been standardized
is placed on the polariscope and a careful adjustment
made. It is known that quartz of a certain thickness
will rotate a beam of polarized light a certain amount
as compared with a ‘normal sugar solution, so that
with a test plate thus measured with precision and
its equivalent in sugar degrees determined, the direct
readings of the polariscope can be tested. Then the
polariscope tube is placed in the polariscope, after the
observing telescope has been adjusted so as to bring
the dividing line between the two halves of the field
into sharp focus and to secure an equality of tint. The
wedges then are adjusted to secure the same equality
of tint and a reading is made on the scale, which is
graduated direct in sugar degrees. The regulations
provide that the tube shall be read on two different
instruments by the same observer, and not less than
three careful readings of the tube shall be made on
each instrument. The average of the readings is
taken, and is corrected by the quartz control plate.

To determine the moisture in sugars, a small amount
is dried at a temperature of 98 deg. C. for two hours
in a small nickel dish about two inches in diameter
and three-fifths of an inch high. Molasges syrups and
masse cuites are similarly dried in a flat dish.

Once the quality of the sugar thus is determined, the
matter passes into the ordinary routine channels of
the appraisers’ and collectors’ offices, unless some ap-
peal is made from the duty. The great uniformity
that has been reached in sugir testing is character-
istic of the appreciation of scientific methods in the
work of the United States government and the co-oper-
ation of the different branches of the government
toward this end.
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Hellum Gas Heavier Than Liquid.

We are used to thinking of gases as always less
dense thamn liquids, and in fact we have never hith-
erto been able to increase the density of a gas, either
by compressing or by cooling, down to the point
where it becomes .heavier than a liquid in contact
with it. This could not take place, of course, if the
gas became liquid or dissolved in the ’fquid. Dr.
Kammerlingh Onnes has, nevertheless, accomplished
this surprising feat by causing a bubble of compressed
helium to descend by its own weight through liquid
hydrogen, like a drov of water in oil. He compressed
a mixture of hydrogen and helium in a capillary. tube
plunged into liquid hydrogen. The hydrogen becomes
almost entirely liquefied and, if the pressure does not
exceed 49 atmospheres, occupies the bottom of the
tube. Beyond this pressure a bubble of almost pure
helium, which is floating on the liquid, is seen to de-
scend below it, and to rise again when the pressure
is decreased to 32 atmosphes:i* ... . Besides its
originality, this experiment will enable us to ascer-
tain . . . the limit density of helium, which Van
der Waals supposes to be that of the heavy metals.—
Cosmos.

it A —lp— -— -

It is reported by Consul-General Robert J. Wynne
that the ninth tunnel under the Thames, London, will
shortly be 6pened. Of the tunnels under the Thames,
five are used exclusively by subways and railroads, and
the other four used for general traffic.
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