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I,
FINAL REPORT

ON

METHODS FOR DETERMINING OBSCURATION

AT

INDIAN CUSTOM HOUSES.

Terms of reference and scope of enquiry.

1. In their letters Nos. 4373—4374-Exc., dated 31st August 1910, the
Government of India requested the Governmentsof Bengal, Bombay and
Madras to arrange for a series of tests of the comparative merits of the English
system of determining obscuration in imported spirits and of a method pro-
posed by Lieutenant-Colonel Bedford in_his No. 340, dated 27th April 1910,
addressed to the Inspector General of Excise and Salt.

9. It was recommended that 100 samples of all sorts should be examined
.by the two methods at each custom house, the remnant of each sample to be
retained for check analysis at this laboratory when called for. As further
matters of enquiry,—

(@) tables showing the hydrometer and thermometer indications given
by other samples of the same brands were requested, with a_ view of testing the
gractical revenue effects of the method of reckoning obscuration in hydrometer-

egrees ; and ;

(b) tables showing the excess strengths found (at times) in India over
those stated in British customs certificates, were asked for.

Conduct of the enquiry.

3. In accordance with the above, tests were made during the months
(January-February) and results were received as follows :—

Calcutta. Bombay. Madras.
By English method . . . . 100 tests 100 tests
By Colonel Bedford’s method . . . 100 ,, 100 ,, 100 tests.
By local methods (for purposes of compar- 14 ,, 100 , o100,
1son). — —_— —
Total number of results . 214 300 200

4. In his No. 392, dated 11th April 1911, addressed to the Inspector
General of Excise and Salt, Colonel Bedford forwarded a preliminary report based
upon (&) check analyses made on a small portion of the original samples (about
10 per cent.) and () a critical comparison of the results as recorded and the
principles underlying the various methods employed. To strengthen the evidence
a short series of tests to be made in the hotter months of the year was proposed.

5. These tests were sanctioned in April and in accordance with the instruct-

ions contained in the Inspector General’s No. 304, dated 19th April 31911, 1

prepared in bulk six typical spirits and on May 20th forwarded samples (in

duplicate) to each custom house together with a copy of directions for carrying

fuctii the English method with certain added precautions considered desirable in
naa. :

6. Under the same instructions I now enclose with this, the respective
* Not printed. reports* in original on :—
(a¢) the cold weather tesis (100 samples at each port);
(6) the hot weather tests (6 samples at each port) ; and

(¢) a copy of the memorandum on
the English method referred
to above.

1080 . ’

Appendix V.
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. Bach of the custom houses tested the samples by its own local method.
These results, whilst they do not strictly come within the terms of reference,
form a valuable body of work which appears in Appendix IV tabulated and
criticised in a manner similar to that adopted in the body of this report.

. ‘ Nature of the samples.

8. The 100 samples tested at each port in the cold weather were received
in the ordinary course of routine examination for assessment of duty. They re-
present the first systematic attempt to compare actual results at different
places by similar methods. No one sample, however, was known to be strictly
~ identical with any other and the mass of figures resulting from 300 samples
(each tested in two or more ways) is large and not easy to present in a simple
manner. , ‘ _ _
 The_ kot weather results number 54 only, but each sample is represented
by. 9 tests all strictly comparable amongst themselves and with the results

obtained in this laboratory.

The Collector of Bombay has remarked that these hot weather samples are
“not representative of the samples commonly received for examination. This
‘criticism is considered in Appendix 1.

The true values of the samples.

9. The preliminary report was based upon check analyses of about 30 (10.

per cent. of the total) of the cold weather samples. This number has now been
brought up to about 100 (30 per cent. of the total) to afford a more suitable
body of evidence. These check analyses were at first carried out by Colonel
PBedford’s method which gives here results closely concordant with those of the
pyknometer method at 60° F., a method which requires the greatest care and
knowledge even in this laboratory. The obscurations so obtained here were
‘frequently higher than found at the ports and during the investigation of the
caunse of this, it was realised that what the pyknometer method, Colonel Bed-
ford’s method and all other methods attempt indirectly, can be done more simply
in a direct manner, and with greater accuracy. Instead of determining, by
methods open to grave sources of error, two spirit-strengths and taking their
difference, the third missing quantity can be found by a single operation free from
all the errors that occur in spirit measurement and temperature adjustment and
the loss of spirit during distillation and collection. It may be safely asserted
that the results of these check analyses are correct to within Joth of a degree
proof, an accuracy unattainable by any indirect method of finding obscuration.

" 10. The hot weather samples were prepared in such quantity that each
could be repeatedly tested ; four methods may be specially mentioned.

1) Dete1;mination of apparent and real strength by pyknometer at
60° F. :

(2) Determination of apparent and real strength by pyknometer at
air temperature.

The fable employed for this is similar to that used at Madras but revised
and corrected in many places.

(8) Production of obscuration by adding solid cane sugar when pre-
paring the samples and. directly observing the obscuration pro-
duced on the hydrometer.

(4) Direct determination of obscuration by finding the extract-gravity
in a pyknometer.

Method (3) gave the obscuration to within a few tenths by direct obsery-
ation, whilst the other methods enabled the actual figure to be ascertained
with the greatest possible accuracy.

Cold weather results. .

e 11. In Appendix II the check results are tabulated against the orieinal
figures. Here they are summarised, the average differences being presented as
percentages of the real obscuration. These quantities, though small, represent

large money values in the course of a year, so that not only is a percentage .

-statement legitimate but its practical bearing is realised more readily than by
a statement in proof-degrees.

3
TABLE L
Percentage lass of true obseuration By the English method,
Calentta. Bombay. Madras,
Brandies | . . . 12 per cent. 10 per cent,  No returns
Whiskies S 56, 1, R
tins, sweetened . b » 9 2 #2
» dry . . Total less 57 »
Rums | . . . 18 per cent. 30 »
TABLE 11
Lercentage loss of true obscuration by Colonel Bedford’s method.
Caleutta, Bombay, Madras.
Bm{zdifzs . . . . 11 percent. 26 percent. 23 percent.
\’V hiskieg . . . 23, Total loss 81, (3 failures.}
Gins, sweetened . o1, 1 pereent. 2 pgain
» dry T . Total loss  Total loss Method failed,
German white spirit . . 6 times foo high.
Arrack . . . wo = Method failed,
Rums . . . 12 per eent. 57 per cent. 2 per cent.

Hot weather results.
12, These were few iu number, so the actual figures are given here.

TABLE 111

Obscuratvon tu proof-degrees by English method at the ports, compared with true odscuration.

Caleatta. Bombay. Madras. True.

1. Brandy, 73 U. P . . . 38 41 ED)! 48
2. Whisky, 97 U, P, . . 8 09 10 i
3. Gin, swestened, 151 U, P. . . 57 89 g1 88
4. Gin, dry, 200 U, P, | . . td 06 04 06
5. Rum, 857 Q. P, . . . 38 ~LTE 31 37
+* . Strong spirit, 545 O. P, . . 01 20% . 30-6%
— 95 } o7
#Failures.
TABLY 1V,

Gbscuraiion in proof-degrees by Colonel Bedford’s method at the ports, cowpared with
frue chseuratine,

Coleutts, Bowbay. Madras. True,

1, Brandy, 73 U, P, . . .88 48 44 4%
2. 'W};isky, 97 U P . 1-0 0-8 -6 12
3. Gin, sweetened, 15°1 U, P. . . 99 23 g1 88
4, Gin, dry, 20°0 U. 7. . . 04 . 03 -G o6
5. Rum, 357 O. P, . . . 3 11 '

um, Ba é-(;} 2§ 37
6. Strong spirit, 85 O. P, . . 92 35 (g 07

Results by the Bnglish method.

13. Table 11T shows that very satisfactory results are obtainable even in
the hot weather for under-proof spirits by fhe Tinglish method assisted by
leading-tube and cooled receiver.  For over-proof spirits the method breaks
down.  Of six results, three are gnite defective, onc being seriously foo high
and the other two absolute failures. The three others show a loss of alicut half
& degree proof. 'The cold weather tests gave little information on this point
but what there is, is in the same direction. It is obvious that any method to be
adopted must be able to deal with high-strength spirits accurately and the
Euglish method clearly fails to stand this test. The reason is that by the time
most of the spirit has passed into the receiver, there is insufficient water loft in
the still to sweep out the spirit vapour remaining in the apparatus, The whole

« accuracy of the obscuration resulfs depeuds on this last degree or 50 of spirit.

_ 14. If the water necessary for this is ndded, then the bulk of distillate
collected excceds the original bulk taken and the strength cannot be found

without special measurements which are no part of the method.

¥
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1o. On this ground alone, then, the English method is inadmissible, unless
a separate and further method for dealing with high-strength spirits is also
adopted, as is the case at present in the Bombay method. Examination of the
cold weather results (Table I) shows that even with under-proof spirits the
English method does not rise to a desirable level of accuracy. The four hot
weather tests of under-proof strength doubtless received a special amount of
care (owing to their small number) greater than conld possibly be given in the
course of ordinary routine. The cold weather samples, many in number, are
a truer test of the level of accuracy attainable in ordinary work.

16. According to Table I quite serious losses ranging from 10% to over
5% of the total obscuration dealt with, would occur. The fiscal meaning of
these figures is that a corresponding proportion of legitimate revenue would be
sacrificed. Not only are the losses considerable but they vary seriously at
different ports. At Caleutta the percentage loss of obscuration on whiskies is
56%, on rums 18% ; at Bombay these proportions are reversed. One essential
of any method is that it should give similar results at different places and there
is little doubt that the finding that the same spirit is differently assessed for
obscuration at different ports is a grievance with the importers. Adoption of
the English method for under-proof spirits would not help to remove the present
grievance. A control system is proposed in order to secure uniformity in
results, the success of which depends on the adoption of a method that gives
sharp and concordant results anywhere and is free from inherent difficalties.

17. From a customs point of view the quantity of spirit (about 250 c.c.)
and from a laboratory point of view the time taken in distillation (13 hours)
are serious drawbacks to the English method and were considered valid
objections to the first edition of Colonel Bedford’s method.

18. The proposal to remove them by using a miniature hydrometer
requiring only 100 c.cs to float it, cannot be accepted, because the reason why
good results are obtainable at all by the English method with under-proof spirit
is that so large a bulk as 250 c.c. is distilled. Thisleaves a sufficient quantity
of spirit-free water towards the end of distillation to sweep out spirit vapour
from the apparatus. I am satisfied that if the amount of spirit is to be reduced
the losses in distillation will be still greater.

19. The exact nature of the English method is perfectly well recognised
in England. It was originally applied to wines to ascertain whether they
exceeded 30° proof strength a (low) proportion of alcohol much in favour of the
process. When results by it approach the figure mentioned closely, “samples
are forwarded to a laboratory for exact rating by a pyknometer method
(Importation Code, paragraph 850).” Up to the year 1881 the strength of brandy
and rum was for the purposes of duty assumed to be that indicated by Sikes’s
hydrometer irrespective of the amount of solid matter which they might contain
in solution. After that date a check on such obscuration was authorised
chiefly to prevent it at any time becoming unreasonable in amount, not as
a direct instrument for collection of increased revenue. Thisis clear from the
method of determination.

The inexact wine method was permitted and it is applied at small ports by
quite untrained men as being sufficiently exact to guard against deliberately
attempted fraud. The results so obtained are checked by occasional samples sent
to the London custom house. This is a check not so much on the accuracy
of the results, because a rough agreement is accepted, but a check on the
integrity of the officers, that is, to ensure their doing the work assigned to them.

20. This policy is entirely different fo that at present adopted in India
where the obscuration is regarded as a method of enhancing the revenue. The
assessment is made in special Jaboratories for the purpose, and since the date
of Colonel Warden’s publication (Estimation of Alcohol in Tmported Spirits) in
1892 these have been required to return the obscuration to the nearest tenth of
a degree proof and the whole amount so found is calculated for duty. For such

Eurpose‘ the aproximate English method bas been rejected, time after time, e.g.,
y the Chemical Examiner to Bengal in 1892, the Chemijcal Analyser to

 EBombay, the present Deputy Abkari Commissioner, Mudras, in charge of the
Board’s Laboratory and the Director of the Central Excise Laboratory for India.

]

21. The adoption of the English method now, for use in all custom houses
in India, would in my opinion, without securing the .umfm-mlty pf results 80
much desired, constitute a change in the present policy of collection, a definite:
and continuous loss of revenue hitherto collegi;ed, .and a serious ob_sta cle to _the~
proposed system of control. It would necessitate increased expenditure of time
and material in the laboratorics and the adoption of a supplementary method
for high-strength spirit.

Results by Colonel Bedford’s method.

992, This method is rightly to be regarded as the English method so modi-
fied that all spirit strengths, cven the highest, may be tested by it. Thus in
Table IV, the high-strength obscurations are returned with a considerable:
degree of accuracy and of the whole series of hot weather tests, 18 in number,.
only three are seriously wrong. As before remarked, these tests owing to their
limited number were carried out more successfully than the long series of 1€0-
cold weather tests.

93. The cvidence of these latter, however, as typical of what would happen
in sustained routine work cannot be ignored. 'l_‘he Madras results are part-
jcularly adverse. It shouid be stated that practically all the samples showing:
notably low results at the ports were re-examined by this method and very
pueh better results were obtained here.  This possibility, however, of different
operators returning such different vesulfs is a serious defect in the method just as.
14 1s a defeet in the English method. Thehistory of this metlllod is rather curious.
When first proposed, it was reported on very favourably in comparison with
local methods.  Asa result of the tests now under report, it has been condemned
by all the ports——by Madras, in comparisop with the Madras local method, and.by
Caleutta and Bombay in comparison with the results afforded by the English
method. Atthe former the ground of criticism is the qultunat? one of accuracy,.
at the two latter it is merely that of apparent expe(henc}’r. The faets that the:
results obtained both by the English and Colonel Bedford’s method at Caleutta
angl Bombay are equally away from the truth was not realised and the preference
is given to the English method owing to its freedom from calculation. No
allowance is made for the fact that applicability to all strengths of spirit is
sccured in Colonel Bedford’s method by this caleulation. Such criticism
therefore would have little weight if the results obtained at the ports had been
of a high degree of accuracy. '

924. Unfortunately such is not tho case, even when allowance is made for
the cffect of inexperience on the part of the operators. It is certainly a .?11})-
stantial improvement on the English method inasmuch as it deals with high-
strength spirits. In view, however, of the poor results actually obtaired, and of
other possibilities to be mentioned later, I am not disposed to advise the adopt-
ion of this method.

Other methods.

25. As neither of the methods under consideration satisfies the requived
conditions of accuracy and uniformity in result, it becomes necessary to COI‘[Sldf}l“
other possibilities. The local methods at present in use at the ports are re-
viewed in Appendix IV, together with the results ’obtam_ed during these test?.
Bricfly, the Caleutta method (Colonel Warden’s) gives results which flll e.
gencrally too high, and the Madras method also gives results in excess of the
truth. Morcover, both systems arrive at the obscuration figure by subtracting an
apparent strength, found by the hydrometer, from a real strength, found by a
pyknometer method, and this prineiple is objectionable.

926. If time allowed, which it does not, the real strength of cvery consign-
ment received at the custom house should be accurately .determmcd, ullfler
which circumstances the apparent strength and obscuration would be of no
importance. I am informed that during last year about 500 tests of obscur-
ation were carried out at Calcutta and a similar number at Bombay, on which
about 3,000 consignments were passed at the former and 6,000 cons1gnqu}ts ‘i\t
the latter port ; that at Madras all consignments in bulk (cask) arc directly

tested for veal strength, but only about 20 % of consignments in bottles are so-

tested. Thus the majority of spirits received at Indian ports have to be passed.
25C. &1L : S
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on a reading of the apparent strength by hydrometer, to which is added an
obscuration result separately determined on earlier similar samples, and this
system must evidently continue in force. :

27. The Bombay method has been devised with a special reference to the
need for an accurate obscuration-figure. Every determination is checked by a
separate evaporation and weighment, in a dry state, of the solids producing the
obscuration. This affords an admirable eheck on the accidents to which
distillation and collection of spirit are liable ; but the method is correspondingly
lengthy and the results are uniformly below the truth. Further, no attexi—;};t,
is made to distil high-strength spirits (over-proof), and the rvesults for these
depend merely on the evaporation test used ordinarily as a check.

28. All the present methods determine obscuration in a tedious indirect
manner and the need of a simple direet method is obvious.

The extract-gravity method.

29. 'With the hot weather samples this laboratory issued a request to each
port to measure off (at air-temperature) a given volume of cach sample, to
. drive off the spirit by evaporation, make up the aqueous residue to the original

bulk and report the gravity (by pyknometer) of this liquid in cach caso
together with the temperature of weighment. These gravity results were
corrected to 60° I, here (in the manner of a saccharometer table) and converted
- to values in proof-degrees of spirit. :

30. The results are shown in the following table :—

TABLE VI,
Obscuration by extract-gravity method (progf-degrees).

Caleutta, | Bombay. Madras, Trve, ‘.qux}&ms r}c;peaf:
et ith own bottle,
1. Brandy 43 43 43 43 :
2. Whisky 1-2 11 18 1-2 %31
3. an, sweetened 56 56 S8 58 8-
4. Gin, dry 0-6 06 05 06 06
5. Ram- . . 37 37 37 37 37
6, Strong spirit 06 07 06 07

31, These results do exhibit that accuracy and striet accordance amongst
different operators which are so essential. The simplicity of the method is
proved by the fact that the instructions for carrying out this new method were
scarcely more lengthy than the brief deseription given above and were so
successiully applied at the first attempt without personal instructions of the
kind that was found desivable in connection with the English and Colonel
Bedford’s methods. °

32. The time required to be spent on each sample by a trained man only
amounts to a few minutes, his most important task being to weigh in a pykno-
meter at air-temperatures a liquid that in most cases is practically water, and
to observe its temperature. The truc weight at 60° F. is read from a table and
the final result in proof-degrees is at once found from another table. The
result is not affected by errors in reading the apparent strength, in fact an
zza;é;mi;r;?;vxggse rzf tha;;t (%uanfiity is not required. All other methods demand

: asurement of re ength ¢ a ¢ 'mi
ation of appasong st ! al strength and an equally accurate determin-

?3: By this extract-gravity method all the difficultics and delays that
occur in the repeated measurement of spirit and adjustments of temperature
required in other processes, the losses that occur in the distillation and collect-
:EFIII of Spflimtkund?? htropi)cl?l conditions, the complicated apparatus such as di-
Stilling flasks wwith rubber connections, water condensers, led recelv

. leading-tubing, ote., are swept away. 5 cooled wecvers

34. The principle of the method is simp! i
| : pty this. The recal and
apparent strength of any obscured spirit; when expressed in terms of

7

gravity, differ by an amount which represents the gravity of the soluble
substances causing the obscuration. If the spirit is entirely removed,
and the original bulk vestored by addition of water, the gravity due to
these substances can be determined directly. This, owing to the lignid beiig
water with a minute proportion.of solids in solution, can be weighed with far
more facility and precision than can any mixture of water with a large pro-
portion of alcohol.' This weight, found at one operation, is morcover the
measure of what is actually wanted for the purpose in hand. All other methods
arrive at this by finding, first of all, two other quantities (one of which presents
oreat difficulties), and subtracting them.

35, On several occasions here one man has determined the obscuration of
twelve samples in the course of a day, the time devoted in them being about

* two hours (an average of 5 or 6 minutes to each), thus leaving the remainder

of the working day for other work of the laboratory. ‘

36. For simplicity, rapidity and certainty of results, this extract-gravity
method has in my experience overwhelming advantages over all present
methods. ‘

Apparatus required.

37. This is of an clementary description and is found for the most part
in the present laboratories. Thus they all contain suitable balances, whilst
the 1,000 grain pyknometer (perforated-stopper pattern without cap) is the
type now used at Bombay and Madras and has heen used in the past at tke
other laboratories. Graduated cylinders holding 100 c. c. and evaporating
dishes are part of the normal stock of a laboratory as also water baths ; suitable
forms of the last can be readily obtained, made of galvanised iron, in the bazaar
at the cost of a rupee or two. It is clear that even the pyknometer and balance
can be replaced by a saccharometer at the sacrifice of a little accuracy.

B.— Ou the recording of obscuration in hydrometer-stem degrees tistead of
.* proof-degrecs.

38. The evidence afforded by the custom houses on the practical advant-
age of such a change is of a very slender deseription for rcasons which are
stated by the Collector of Customs, Calcutta. '

39. Only one example (No. 76 in statement B of the Calcutta cold

‘ « Mot printed weather report*) shows any appreciable

. B difference resulting from the two methods.
In this example the obscuration of a sweetened gin determined at 70° F., when
applied at 84° F., gave a duty-strength by the proof-degrees method, 05 degree
higher than by reckoning in stem-degrecs. In the other examples—whiskics,

brandies and rums—the differcuce is negligible.

40. The matter can be investigated by the help of Sikes’s Tables and with-
out actual records which may indeed be influenced by errors of observations.
1t is only necessary to suppose any apparent strength and any obscuration at

any temperature. The apparent strength is looked up in the tables at a higher
.or a lower temperature (different by ten or twenty degrees) corrected to real

strength by the supposed obscuration expressed in both systems, and the
resulting obscurations at the new temperaturc by both methods compared.

This can be done for all possible obscuration and over the whole spirit range
.of the tables. It is found that any obscuration determined at a lower

temperature, when applied in proof-degrees at a higher, givesa slightly too
high real strength, that is, the obscuration is too great and requires diminishing.

‘Conversely, if obscuration is determined at a higher and applied in proof-degrces

at a lower temperature, it is slightly too low. The fact of course is that the

real strength remains constant and the change really occurs in the apparent

strength. This is because it is read by a table adapted for mixture of spirit

-and water only, not for the presence of a third substance in notable pro-

portions and the obscuration-figure changes its value as a consequence of its de-
finition (i.e., difference between real and apparent strength).  This change

-obscuration only assumes recognisable proportions when the obscuring sub-
stunce is present in large amount, and even then only for a certain specially
;sensitive part of the spirit table.
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41. For spirits above proof-strength the obscuration only varies by 1 per
cent. of itself for ten degrees temperature difference. The change is therefore
clearly negligible for over-proof spirits. As regards under-proof spirits, the
change has its maximum value, at apparent strengths of 30 U. P. where it is.
about 3 per cent. of an actual obscuration of 10 projof-degrees (i. e, 0°3 degree
proof) for ten degrees of temperature difference. For smaller obscurations, the
change is less and does not exceed 0-1 proof-degree for six proof-degrees or less.
of obscuration, which again is negligible. .

42, Of 1,015 different brands (under-proof strength) examined for obscur-
ation at the Bombay custom house from April 1907 to June 1910, 97 per cent.
contained not more than 6 degrees proof of obscuration, being whiskies,
brandies, rums, dry gins and factitious spirits of all kinds, so that the great
majority of spirits are unaftected. ‘

43. The change under discussion is only recognisable for a temperature
difference of ten degrees Fahrenheit, in the case of less than 2 per cent. of- the
brands imported over this period. In these the ervor is 8 per cent. of the obsenr-
ation, or about 03 degree proof. Tven this error disappcars when this obscur-
. ation is determined at a temperature near that at which the apparept strength of
+ later samples is read, that is,-by avoiding large temperature differences. Tt
appears inadvisable to institute a new method of recording obscuration, which
is liable to confusion with the present method when under 2 per cent. of the
imported brands (that is, only highly sweetened gins) are aﬂected al.u.i these-
only for a certain small range of strength and under special conditions of
temperature which can easily be avoided. :

44. The table compiled for use with the extract-gravity method gives
true ohscuration for a temperature of 80° ¥, which is a good average temperature,
and it will always be possible to arrange to read highly sweetened gins (of
the particular strength affected) well within ten degrees of this temperature,
whilst for other spirits even this precaution is quite nunncessary.

C.—On the excess in spirit-strength found (at times) in India over those stated
in British customs certificates.

45. The evidence collected on this matter is inconsiderable, but certain
main facts present themselves amongst the figures supplied—

(¢) Only 26 per cent. of the Calcutta cold weather samples and 6 per
cent. of those at Bombay were supplicd \Vlth_ certificates, whilst
at Madras the proportion is not stated. Certificates would thus.
appear to be the exception rather than the rule, so that opportun--
ities of disagreement arise occasionally rather than regularly.

(0) The certificate strength given for whiskies, dry gins and some rums-
is undoubtedly the apparent strength. Such returns must differ
from Indian strengths, which are rcal strengths, by firstly the-
actual obscuration (whatever it may be) and secondly by an
amount which is due to the system adopted in England of

reading the hydrometer -fo the mext higher fifth and the-

thermometer to the next higher d‘egree, a system which results.

. in quite appreciable under-valuation of the spirvit-strength.
Thus 18 of the 26 Calcutta certificates refer to the spirit of the kmds. Just
mentioned and the invoice strengths are lower than the apparent strengths found

in Caleutta by amounts ranging from 0-1 to 1'3 proof-degree with an average:

value of 07 degree.

(c). The certificate strength in regard to brandies, sweetened gins and
some rums is a real strength according to English requirements,

that is, a value deliberately under-read and also subject to the-

errors inherent in the approximate English system for finding real

strengths and which necessitate its replacement by ‘““an exact

. . A
laboratory method when an exact rating is required ” (Import-

ation Code, paragraph 150). It is thus clear that disagreements.
T are in main due to the entirely different policies adopted in the .
{wo countries. In Indiaan accurate determination is aimed at ;.
in England the result is admittedly approximate and low, eg.,.

9

the small obscuration in spirits referred to under (3) is ignoved,
the hydrometer-strength of all spirits is under-read and the more
heavily obscured spirits are returned by an approximate method.

46. This dffercnce in policy appears to be accepted by some importers,
for I was informed at Bombay that the results of that custom house arc rarely
called in question. Whilst the general tendency is for the British inexact
strengths to be lower than the more exact Tndian vatings, instances of the
contrary are not wanting. 'Two bottled whiskies in the Madras list have
invoice (apparent) strengths which, despite a distinct amount of obscuration, are

~ higher than the real strengths determined at Madras. Tt is clear then that the

British certificates are only general statements, and I am informed that a high
degree of accuracy is never attempted, the object heing to assist identification,

47. The present investigation shows, however, that whilst Bombay consist-
ently returns obscurations somewhat below the truth, the Caleutta and
Madras results are gencrally in excess of the truth. Noficeable differences
may thus arise between assessments of one and the same spirits at different
ports, and this probably represents the veal force of the objections raised.
Complaints at Caleutta and Madras may be understood under such
circumstances. No real grounds of complaint wonld exist in the future if the
principle is clearly laid down that duty in India is levied on the full real
strength in all cases and if concordant results ave secured by a method which
removes the discrepancies in obscuration-figures at present existing between
the results at different ports.

48. Tt has been shown that both the English obscuration method and
Colonel Bedford’s method entirely fail to do this and that the extract-gravity
method alone does it with success, the reason being that by the last method
the obscuring matter is determined Qivectly independently of all the troubles

* connected with spirit measarement and collection, and” by what is perhaps

the simplest of all acourate Inboratory operations, namely, the weighing of
a pyknometer filled at air-temperatures with a liquid that is practically water.
- . 49. In conclusion, it is clearly impossible to reconcile two entirely different

 policics, and it is unfortunate that the resnlts obtained under them should

havé been brought into collision without a due appreciation of the essential
fact. I am satisfied that the new method now proposed will enable the
present policy in India to be continued with the fullest justico to the importers
and a great saving of labour to the ports® lahoratories.

General conclusions. .

50. (A) The experimental facts collected in the hody of the report, together
with those detailed in Appendices 11, 1T and IV, show the following defects
in the present methods for determining obscuration :—

: (@) The English method and the Bombay method fail for high-strength
spirits and give low results for other spirits. )

(3) Colonel Bedford’s method gives low results generally and the »

calculation is found fedious.

(¢) The Caleutta (Colonel Warden’s) method and the Madras method
give high results. o

(d) Allthe above necessitate exact measurements of spirit, careful
adjustments of femperature and the objectionable process of
distillation. -

(e) The vesults by both Colonel Bedford’s and the English method
largely depend on a personal factor as shown by the different
results obtained by different workers.

(f) The extract-gravity method gives accurate results ; it has no per-
sonal factor as shown Dy the acourate and identical resulis
obtained by four different workers; the saving of lIaboratory
time, laboratory space (i.c., on the working bench) effected by
it and the elimination of the sources of error mentioned above
at (d) are signal advantages.

(B) The practical revenue effect of recording obscuration in hydrometer

- stem-degrees instead of in proof-degrees is negligible.

. (C) The British customs certificates should be regarded rather as de-
scriptive labels than as strict analytical statements.

Kasavis: » R. L. JENKS,
The 15tk Scptember 1911, Ofiicer in charge, Central Excise Laboratory

)
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APPENDIX 1. ‘ - :  APPENDIX II

ON THE CHARACTER OF THE HOT WEATHER SAMPLES ISSUED FROM THIS Cold wealker obsouration results by the English method at the ports compared with the true
LABORATORY. resulls.
, No, Calcutta. True. No. Bombay. True.
Extract from the Bombay Collcetor's letter No. C.-9231, dated Sth June 1911. (2%& g to Proof.) (15 U-BP- ’03 25 U. P.)
T . . randees. randzies.

“ The spirits in respect of which these tests were made are obviously not 3 0-2 05 13 69 59
representative of the spirits which pass through the custom house in the 14 0-2 06 18 0'5 1+4
ordinary course of trade. Samples of brandy or whisky which were sent down 17 ‘ 0‘.2 05 :8 0:?5 2?
for test from Kasauli are not typical of the brandies and whiskies which are Zi gé ‘ég 3% %.0 0-8
ordinarily imported, while dry gin should ordinarily show mno obscuration, 70 63 59 37 37 540
and I confess I can see no advantage in sclecting, as has been done for this 75 53 52
particular test, samples which do not represent the ordinary imports.” 87 3-8 39 Averago loss 10 per cent.

88 38 40 :

From the above it will be seen that the whisky and brandy and the
unusually high obscuration in the dry gin are specially objected to. As

regards the last, the facts are :— Average loss 12 per cent.

Dry gins. Spirit-strength. Obscuration.

. (25 U.P. to 5 0. P) (20 U. P. to Proof.)
C. E. L. bot weather sample No. 4 2000 U. P. . 0'7 proof. Whishies. W hiskies.
Bombay cold weather sample No. 6 . 288 U.D. 07 proof. g 00 02 1 04 03
Caleutta " No. 42 199 U, P. 00 proof. 18 0-0 01 9 00 0-3
Madras » No. 8 186 U. P. 04 proof. gg 8:3 g?; 11f; g:g g;
Thus the obscuration objected to is exactly that of the (only) sample of dry 28 0-2 08
gin which oceurs in the Bombay list of cold weather samples, and its spirit- 33 0-0 0'5 Average loss 19 per cent.
strength agrees with that of dry gin found in the Caleutta and Madras lists. 82 0-0 0-3 '
The facts regarding the whisky and brandy objected to are similar. It g? gg 88 y 05 02
was impossible to prepare a single sample representing all the variations found 29 01 0-4
(in each class of spirit) not at one port only but all the ports considered . High result.
together, but the utmost care was taken to adhere to figures actually found Average loss 56 per cent.
amongst the 300 cold weather samples. Among these at least a dozen each of
the whiskies and brandies agree quite closely as regards both spirit-strength (30 U.P.to 15 U.P.) (30 U, P.)
and amount of obscuration (and nothing else matters) with the test samples Gins. ‘ Gins.
issued by this laboratory, and a large number agree in one or the other 06 93 101 4 67 36
particular. Thus a special effort was made to issue samples representative of 63 98 102 b 12°0 121
what is received at all the ports. The objection now under reference, moreover, 85 76 80 7 67 71
is invalid on wider grounds, Any method, worth consideration, must return 76 - 84 86
correctly not only normal spirit-strengths and obscuration-values but abnormal Average loss 5 per cent. Average loss 9 per cent.
values which by accident or design may and do occur from time to time.
-y g1 Dry gins.
Dry gins. 6 9096 14
4 0-0 03 A
49 00 02 Lioss 57 per cent.
74 0:0 01
Total loss.
(14 U. P. to 85 0. P.) (¢5U.P.to 15 U. P
Rums. Rums,
7 1-6 15 1 2:3 14
96 07 1-3
97 11 13 High result,
: 10
gg gg 15 6 07 10
100 09 11 8 07 11
Average loss 18 per cent. Average loss 30 per cent.

Madras.— No relurns by this method.

26C &,



13

12 Results by Colonel Bedford’s method at the ports=—contd.
No. " Bombay. o True.
Brandies.
APPENDIX III. : 13 ' 6 59
Cold weather obscuration resulfs by Colonel Bedford’s method at the ports compared wilh : 98 00 09
the true results. 29 41 47
31 00 03
No. Calcutta. True. 37 32 50
Brandies. ‘ '
3 gzmlm 05 Average loss 26 per cent.
14 02 0-6 Wkiskies.
17 02 05 . e )
21 2:5 4°8 L 0‘ 82
44 40 56 7 - 02 o
70 65 5-9 9 00 .
75 58 59 16 0-0 07
87 38 39 17 0-0 08
88 39 ‘ 40 Average loss 91 per cent. ‘
Average loss 11 per cent. = Gins. .
Whiskies, 4 59 86
9 00 02 5 122 S121
18 02 01 7 6'6 Tl
22 gg 8? Average loss 11 per cent.
28 0-2 03 .
33 0-2 05 Dlry. Gins.
82 0-0 03 6 0-0 14
89 0-3 06
91 05 06 Total loss.
92 0-3 04
95 16 1-8 Rums.
1 15 14
Average loss 23 per cent. 6 00 1:0
Gins. 8 00 11
26 93 10-1 Average loss 57 per cent.
63 102 10-2
65 80 80
76 9:0 §-6
Average loss 1 per cent. -
Dry gins.
4 00 0-3
42 0-0 0-2
V74 00 01 y
Total loss.
- Rums.
77 1'6 1'5 \
96 1-0 13
97 12 13
98 08 140
99 13 1'5 )
100 10 12

Average loss 12 per cent.

25C. &1,
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Results by Colonel Bedford’s method at the poris—concld. : ' APPENDIX IV.
No. Madras. True. )
Brandies _ THE RESULTS BY PRESENT METHODS IN USE AT CALCUTTA, BOMBAY AND
' | : MADRAS.
9 02 05
%0 gg L(L); . A.—~The Caleutta method.
23 33 37 The method hitherto used is that elaborated by Lieutenant-Colonel Warden
36 111 24 in his ““ Rules for the estimation of Alcohol in Imported Spirits (1892). 7 As
37 ! 22 the title and an examination of the work show, this was designed to find real
gg ii gg strengths. No method of finding the apparent strength is laid down, nor is the
49 61 67 word obscuration mcntioned_. In thp absence of directions, the apparent
57 00 05 strength used has been that found by Sikes’s hydrometer, and the obscuration-
62 40 50 figure thus depends on the use of two dissimilar methods which is objectionable
64 05 06 in principle, The method, as regards finding real strength, has inherent
92 02 : 05 fallacies and very great practical difficulties in a tropical climate. Two volumes
‘ Average loss 23 per cent. of distillate are collected from every volume of sample distilled. This is to
° ‘ permit of high-strength spirits being determined, but it is in direct conflict
Whiskies. with a principle stated at some length in the work, namely, that the distillate
5 06 08 may be adjusted at air-temperature (instead of the standard 60°F.) as long as
7 05 07 its volume is the same as that of the sample. The collection of two volumes of
35 00 69 distillate introduces a dilatation error (for which no provision is made) and also
43 0-0 05 emphasises certain inaccuracies in the spirit tables employed. The gravity of
52 0-3 03 the spirit is found in a pyknometer filled at 60°F. This involves special cooling
61 02 0-4 for filling and a special cap to retain the excess volume consequent on the
7 0-3 03 return of the spirit to its air-temperature, a necessary condition for weigh-
Average loss 51 per cent. ’ ment. The whole process is unduly troublesome and tedious, and duplicate
rvesults which agree are difficult of attainment even by an experienced worker.
é% —-O'i‘l 8'2 The following figures illustrate the kind of results obtained :—
8% -(())'2 04 Results by Caleutta method for obscuration.
Failure. Obscuration.
Cold weather tests. By Warden’s method. Truwe. L
Gins. N No.
2 77 79 18 09 -
%3 108 10-0 28 0-3
. 91 04
Average gain 2 per cent. 92 10
97 14
Dry gins. 99 11
73 "“gi (()):2[ Hot weather tests.
Total failure. 1 56 43
2 11 12
Rums. 3 92 88
4 15 06
4 21 27 5 48 37 }o. P. spirits.
14 20 21 6 - 1 07
15 v 7 The inaccuracy of the results, specially the large proportion of excess values
Average loss 2 per cent. amongst under-proof spirits, condemns the method, whilst its practical difficulties
) oL are such that a different methaod is urgently desired,
German white spirit.
86 08 8~0 B.—The Bombay method.
%Z% (())-Z n-g The Bombay method is a true (though indirect) obscuration ‘method, inas-
89 05 00 much as the apparent strength is obtained by a method similar to that used for
90 05 0-2 ‘ the real strength and of equal accuracy. Moreover, the results are controlled
Six times too high. by a weighment of the solid matter causing the obscuration, the weight so
obtained being interpreted on the principle that 05 per cent. of solids is
Arrack. equivalent to 1 degree proof obscuration, Over-proof spirits are not distilled as
15 0l 05 the resulting loss of spirit is generally greater than any obscuration. present.
33 oo 01 *The actual obscuration of these is calculated from the solids by the above  rule

which is a very approximate one. Of the under-proof spirits which are
®otal failure.’
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distilled (except when the solids amount to less than 0°1 per cent.), one volume
of distillate is collected from one volume of sample. The gravity of the distillate
and consequent real strength of the sample is found by weighment in a
pyknometer filled at air-temperature which eliminates the troubles of spirit

expansion and deposition of dew. The gravity sofound is translated into proof-
* terms by the help of the specific gravity table at the end of Sikes’s Tables. The

apparent strength of the sample (i.e., before distillation) is found in a similar

manner by weighment in a pyknometer at air-temperature. The amount of
sample distilled is only 100 ¢. c. which suffices to fill a 1,000-grain bottle
instead of the 250 c. c. required to float a glass hydrometer, so that distillation
is shorter. In principle, the method, apart from high-strength spirits, is an
improved English metbod and it yields similar results, that is, losses, as the table
shows, '

Results by Bombay method for obscuration.

SawriE Nvusse, OBSCURATION,
Cold weather tests, Bombay method. True.
. Brandies.
.13 7-5% 59
18 06 14
28 05 09
29 49 47
31 0-0 03
37 39 50
19 per cent. loss.
Whiskies.
Y 1 03 03
7 03 0-2
9 00 03
16 . 08 07
17 07 08
9 per cent. loss.
Gins, sweetened.
4 68 86
5 12-2 121
7 73 1T -
6 per cent. loss.
- Dry gin.
6 67 14
50 per cent. loss.
Rums.
1 2:1% 1-4
6 07 1-0
8 07 . 1-0
30 per cent. loss.
Hot weather tests. '
1 42 ?3 :
S g 33 g-g (U P. spirits.
4 0-7 06 ,
5 34 37 .
6 {-—1‘65} 07 $O. P. spirits.
4-0:05 J .

* Excess resulls excluded from average.
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Thus the result of the long-continued routine tests in the cold weather are
quite similar in kind to those obtained (at Bombay) on the same samples by
the English method, namely, general losses arising in the distillation and collect-
ion of the spirit. It will be observed that very good results indeed can be
obtained, <.e., loss in distillation, given time and care, can be obviated as shown
by the hot weather tests above. This is the experience of this laboratory with
the English method, but it is found that the time and care required make an
unwarrantable demand upon the laboratory staff and no certainty is assured
except by a duplicate analysis. In all indirect (distillation) methods the handl-
ing of the distillate affords no clue to the amount of obscuring material
eliminated, whilst a direet method, such as the extract-gravity method, brings the
material directly under notice in such a way that its amount can be roughly
estimated (whether high or low) and the gravity figure shows at once that the
amount must lie within certain distinct and narrow limits. Tn the Bombay
method, apart from questions of accuracy of result, a trained operator has to
make three separate weighments on each sample instead of the single ome
required by the extract-gravity method.

C.—The Madras method.

This method resembles that used at Calcutta (Warden’s) inasmuch as attent-
ion is concentrated on the real strength of the spirit found by a pyknometer,
the apparent strength being found by the hydrometer and the obscuration by
subtracting the two quantities. In other words, it isnot only an indirect method
but also a “ mixed " method. Over-proof spirits are diluted so as to collect two
volumes of distillate from one of sample, and as the adjustments are made at
air-temperature, the dilatation error of Colonel Warden’s method must occur
in this, This is what Colonel Bedford meant by saying in his interim report
that “the correction-table cannot at the same time serve for undiluted as well
as for diluted distillates.” Of under-proof spirits, one volume of distillate is
collected from one of sample, so that the general losses, shown as occurring
during distillation in the English and Bombay methods, must also exist in the
ordinary routine testing of under-proof spirits at Madras, although exceptional
care and trouble and duplication of tests will practically eliminate these as
already stated. The real strength of the distillate is found by a pyknometer
filled not at 60°F. but at air-temperature. This avoids the difficulties of spirit
expansion and deposition of dew, but a table has to be used to correct such
weighings to their true value at 60°F. It is obvious that everything turns upon

- the accuracy of this correction-table and much time has been spent herc over

its examination. The table proves to be identical with that given in a briefer
form by Liverseege (Analyst, 1897, page 158) who clearly contemplated correct-
ions for temperatures only a fow degrees removed from 60°F. For the purposes
of the Madras laboratory, these corrections, per 1°F. of temperature, have been
multiplied by factors as large as 20 and 30 to supply corrections for weighments
at 80°F. to 90°F. 'The corrections for high-strength spirits more or less stand
such multiplication but those for low-strength spirits do not.. In view of the
general usefulness for other purposes of such a table when correct and in order
to understand the Madras results, it has been found neecessary to investigate the
matter and to compile a full and correet table. Contrary to expectation, how-
ever, the Madras obscuration-figures are usually in excess of the truth.

Results by Madras method for obscuration.

SaMPLE NUMPEER. OBSCURATION,

Cold weather tests. Madras method. True.
Brandics.

9 2 05

10 45 42

18 17 08

s 4-3 37

36 2-3 24

38 RAR) 23

39 2% 2:3
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Results by Madras method for obscuration——coneld.
SauPLE NUMBER, OBSCURATION.

Cold weather tests. Madras method. Trae.

Brandies—concld.

49 66 67
b7 09 05
62 62 51
64 16 0-6
92 1 05
18 per cent. gain.
Whiskies.

5 11 08

7 13 07
24 02 0-5
35 05 09
43 05 05
52 05 0-3
66 10 04
68 02 04
77 07 0-3
81 10 04

85 per cent, gain,

Gins.

42 81 7-9
53 110 100
56 97 90
58 04 01
72 03 0-2

8 per cent. gain,

4 30y 27
14 2:2 L high 21
ég _ . 30 17

18 292
70 07 }1"“’ 22
Irregular.
German white (high-strength) spirit.
86 1-3 00
87 14 00
88 14 03
89 18 00
90 13 02
13 fold result.
Arracks.
13 04 05
33 01 01
Agreement.

Hot weather tests, |
1 48 43
2 14 12
3 9b 88
4 06 06
5 344 37
6 06 07

I am unable fo explain the extraordinary results for high-strength German
spirit Nos, 86, 87 and 89 returned as containing 13, 1'4 and 1'8 %roof-de;-lee);
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of obscuration due to sugar, These were specially examined here with the

following results :—
(o) The maximum residue, probably traces of insoluble matter, was .
under 001 per cent. corresponding by the approximate rule to
less than 002 of a degree proof obscuration ; (b) this did not reduce
Fehling’s solution ; and (¢) when treated with water, a liquid of
exactly 1,000 gravity was obtained.

Tn conclusion, it is clear from a survey of the three methods that the same
brandy might be brought into Bombay and Madras and have its obscuration
under-estimated at the former port by 20 per cent. and over-cstimated by a
similar amount at the latter. An importer observing a difference of about 1'6

degrees proof would naturally consider he had cause for complaint.

This instance illustrates the need for a system which returns obscuration-
figures at different ports with variations of not more than 0°2 or 03 proof-degree
between any two results on the same spirit.

The preliminary trial given to the extract-gravity method (vide paragraph
30 in main report) shows that the new method is readily capable of this, apart
from its superior rapidity and simplicity.

23C. & L
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APPENDIX V.

Note on the English method of testing spirits for obscuration in India
by the Sikes's hydrometer before and after distillation according to
the system given in “ Gauging. Instructions >, paragroph 86, modified
by the use of Colonel Bedford’s lealding-tube and water-seal during distil-
lation and his revised Sikes's Tables throughout.

(1) Quantity.—Ascertain the minimum amount of spirit required to float

(at each and every reading on its stew) one of the spindles forming the glass

5-part hydrometer selected for this work., Probably 250 c.c. will suffice and
a Hask marked to hold 250 ¢. ¢. at 60° F. (or 155° ¢) will be in the labor-
atory. Somo spindles requirve rather more spirit and it may be necessary to
specially mark a suitable glass flask for the purpose of this work. :

(2) Find the apparent or hydrvometer strength of the sample by means of
the glass hydrometer and thermometer in the nsual manuer.

(3) Rinse out the flask referred to in (1) with a little of the spirit (unless
it is known to be absolutely clean and dry) and then fill earciully to the
mark nofing the temperature (1°). If the temperature happens to bo a half
degree, the flask should be slightly warmed or cooled until the thermometer,
when placed in the spirit, stands at a whole degree.

(4) Transfer the contents of the measuring-flask into the distillation-flask,
washing it out with a minute quantity of water, these washings fo go into the
distillation-flask [see note to (7)].

.(5) Use the measuring-flask as a recelver by passing the glass leading-tube
attached to the condenser into it so as to touch the bottom of the flask and
add just snilicient water fo the veceiver to cover the point of the leading-tube,
thus making a water-seal {see note to (7) and directions for Colonel Bedford’s
method].

~ (6) Affix the distillation-flask to the condenser tightly and distil with a
small flame. ‘

Nore.~4 fragnieat of ignite& pumice may be placed in the 'distillation-flask to assist regularity of boils
- ing and also 1o e, of 1 per cent, alkali selution to fix the acidity. “

(7) Distil stowly until the distillate reaches to within a quarter of an inch
or so from the mark on the neck of the receiver ; the position of the receivor
must be adjusted from time to time, so that the leading-tube is never immersed
more than § inch in the distillate and towards the end of distillation is above
the surface of the distillate,

. Nore~-If the washings used in (4) and the water-seal in (8} are hoth very small, it may net be possible to
distil quite so far as here deserthied without so far reducing the contents of. the distiliation-flask that its floox
becomes dry and er o'is.  On the other hand, if the washing and water-scal sre tao large in guantity, spivis

Xﬂ{l.;{; be leftin the distillaticn-flask, Asa guide, not more than about 35 c. e should by ased in (4) and (5}
each.

\&) Wash the outside of the leading-tube into the receiver with a few drops

of water, remove the recoiver from the still, agitate its contents to attain a

uniform mixture, observe its temperature and adjust this by cooling the out-

- side of the flask until it is the same as in {8), that is, T.° Rinse the thermo-

weter into the receiver with afow drops of water (at T°) and then add water
drop by drop until the line mark is reached.

Norx.-—~1f the reeeiver is seb on a dish containing water o sometimes even parbicles of fece, it will be
found that less time is required in adjusting the temperature of the distillate to 1°,

(9) Pour the distillate into the irial jar used in (2) and read its strength
by the glass hydrometer.

(10) The difference between the proof-strengths found in {9) and (2) is the
obscuration in proof-degrees.
- : R. L. JENKS,

Offficer i charge, Central Bxeise Laboraftory.
Kasavry ;

Fhe 15th Muy 1011,
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APPENDIX VI.

Directions for conducting the extract-gravity method of determining
obseuration.

'

A. Meusure off at air-temperature 100 c. c. of the spirit in a marked flask
or cylinder.

B. Transfer this to a dish (about 4} inches diameter of glass or oreelain)
and evaporate it down on.a water-bath to about 10 ¢. . Add 20 ¢. ¢, of wator

and continuc evaporation for abont a quarter of an hour. Never evaporate to-
dryness.

C. Add distilled water and return the whole to the measuring  vessel,
rubbing loose any deposit with a rubber-tipped glass rod ; make hp to the
original volume, disregarding the {emperature, and mix - thoroughly. (Small
traces of insoluble flocculent matter may be neglected.) Ce

D. Till a pykvometer (holding 1,000 grains of distilled water at G0°F.
and of the perforated stopper pattern without cap) with this liquid and weigh
to the second decimal place in grains, carefully recording the actual temper-
ature of the liquid to 1/5°F.

E. Correct this gravity to gravity at 60°F. by Table I and find the
obscuration by reference to 'I'able 11.

Norzes.—Table IT gives obscuyntion in preef-degrecs for the great majoity (about 96 per cent.) of rotable
imported spirits.  For sweeter ed gins and other bigh obscurations, use Table I11, interpolat--
ing where necessary,

Table I should also be necd for adjustirg the pyknometer to jts true content at §0°F,

Details requiring little or no attention.
Jeasurement in 4.—This need not be closer than 1 c.c. and the vessel

need not be washed out into the evaporation dish, draining being sufficient ;-
it shay then be at once used to measure another sample. Sweetened gins,
however, and other highly obscured spirits should be washed out and treated

more carcfully,

Measurement at C.—The vessel need not be dry, but it must be free from
spirit ; the adjustment of volume here also need not be scrupulously exact. In
dealing with several samples, it is convenient to at once pour these aqueous.
extracts each into a beaker as its bulk is made up. For this purpose again

_the vessel need not he washed unless a sweetened gin has been dealt with.
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TABLE L :
' TABLE IL
Lo find the true gravity at 60° F. from the weight at higher temperatures ol .
Folding 1,000 gratns of (lis'gt s wziﬁer h (z;zgg/ ;’_L?ee:;se”(’l/fen a pykuometer FPor directly finding the ofbsew‘%ion z;n, p;tai)le :9;25::;36%00%5)‘ than sweetened gin)
T rom the cxtract-graveiy .
Weight in grains of the aqueous extract. [ ;
Temperature | o ¥ ! ot APPARENT STRENGTH BY HYDROMETER. i
Fe, e R R R e, TempFenmture ;
990 ’ 995 1,000 1,005 1,010 { 1,015 1,020 ]E:;:’itzt vr lup U. P U.P U.P U.P U.P ' U.P. | 1;::3{;.
| SV I I R TR RS T 18 21 24, 7, 80 | e
70° | 100 0-94 < ) 60° F. | 66° F
71° 112 1.9 0-88 0-39 090 | 091 093 70° » ] |
7920 124 .O? 1:09 1:0} 1‘0;§ I 1'0;’ 1:06 71° Obscoration in proof-degrees. :
2° | 119 113 115 116 | 118 120 790 |
732 186 181|126 | 12| 180 132 | 1gy 73° 0000 | 1000
Tho | qas 14 LSS 140 143 L1466 | 143 740 11,0000 00 00 00 0-0 00 00| 00 -0 | 1,000:0
60| Tiea | ped| 8Ly Dekg LTl oo 163 75 9l 02| 02 02 0-2 0-2 02 0-2 02 9
770 187 Ls: 164y 167 171 | 1:74 177 76° 41 03] 03 03 04 04 0-4 0-4 04 - “d
A B I - B B S B S ) 7° 6] 05| 03 05 05 05 06 06 07 6
0| o 1:02 195 199 (202 205 78° 81 06| 06 06 07 07 08 08 09 8
O] el 2100206 200§ 202 1 216 | 219 79° 10| 08| 08 0'8 09 09 1:0 10 11 10
Slo| XA 2231 A0 2231 aar | 280 233 80° 2! 10| 10| vol 11l 11| 12l 12| ¥3| 2
Sol TR S 2un ) 233 a2 45| 2k 31° af 1| 19 12 13 1-3 14 144 15 4
Sl ha0 | ser | addg o O3 3BT 6L 265 82° 6| 18| 13 13| 14 14 15 16| 17 6
S| e | aSTi MLy MESGTs 2770 28] 83> 8] 14| 15 15 16 16 17 18 19 g
S50 | oos | aorl TSI ZSBL 28y, 2031 207 81> 20| 16| 17 17 18 18 19 20 21 90
$6° | 815 P Z92 203 303 308 313 85° 20 17| 18 19 20 2:0 21 22 2-8 2
S0, 8 Slad 3000 31 319 32| 329 36 4] 19| 20 5 21 91 22 98| 24 4
aes | aas | oA SI ES0L 35 B4l 345 §7° 6] 20| 21 22 53 23 24| 25 X 6
390 | 8-64 360 3-:’1 S'46 351 | 366 3:61 88° 81 22| 23 2:3 24 25 26 27 2:8 8
00°| 880 | 376 BT L sG2 0 367 3720 377 89° 30| 23| 24 25 26 27 28 29 3:0 30
01| 597 | oes| oI 37T 3831 383, 393 90° 21 o3| 26| 27| e8| 29l  s0| 31| 82 2
925 | 418 | 409 881 39k 400 106 | 412 91° 4| 26| 27 28 29 30 32 33 84 “d
9030 | 430 | 420 405 | 412 | 418 125 | 481 92° 6| 28| 29 3:0 31 32 33 34 35 6
010 | das | pas | a2y 4@ 436 443 w50 93> 8| 29| 30 31 32 3-8 35 36 37 8
950 463 | 459 #8814 4db | A5k 463 4°69 040 £01 81| 32 33 34 35 37 3-8 39 40
D60 | 481 | 478 | 400 ME3L 472y 4800 488 95°. 2| 38| 34 35 36 37 89 40 41 2
97° | 500 | 497 750 4830 491 | 499 | 507 9g° 4| 34| 35 36 37 88 40 42| 48 4
935 | 519 | a6 | tox D 021 510|518 526 97° 6| 86| 37 38 89 40 42 3| 4 6
99° | 53| 8 F134 521 599 537 | 545 98° 81 37| 38 39 40 41 43 45 46 8
100° 557 A 5-33 540 5'48 557 564 99° 50| 39| 40 41 42 43 45 47 48 50
° 1552} 539|567 5751 583 100° 2 41 42 43 44 45 47 49 50 -2
4| 42| 48 43 45 46 48 50 52 4
Note,—These correction figures represent grair . - 6 4-3 43 46 47 48 50 52 538 -6
Leperinesof s o xSl o i vt fotnd, sonling o the RIS I I N3 N - B0 B -
¢ corrected weight is the gravity at 60°F, 5 60| 46| 48 49 50 51 53 55 57 60

2C& 1.
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Nores ox Tanues I, I1 axp 11T,
Use of Talle I.

TABLE III

vo diveelly finding the obscuration in sweetened gin and all otker obscured spirtls {1) To find the true content at 60° F. of a 1,000-grain » knometer
For direetly fi g . GO° F. . o o © by
; Jrom the extract-gravity af . L exawmined at temperatures 70°~—100° F, ,
S o f Ezample.—The pyknometer is found to contain 995:00 grains of distilled
ATPARKNT STRENGTH BY HYDROMETER. } N tw , 17&1:@!' at 9?"73 F' Py g
. - . e e e C R S : Sxtract- . . i
ol DA [ e | vre | e ve {ve v elup smity Aceording to the table this represents 99500 +4-26==999-26 grainsat 60°F.
gravity | 0. D, 0, P. Oég' | Proof. D'm' 9 | 80 | 40 50 | 6o | 70 ndltr . The content is thus (1000—999-26)=0'74 grains too small, and a portion of the
o |00 ! 40 . L b : lowgalr %nd of thet stopper must accordingly be removed by careful grinding,
e T | until the content is 1,000 grains. .
Obscuration in proof-degrees. : . .
senra pooblegrees. (2) To convert the weizht of an aqueous extract weighed at temperatures
e ‘ T T ol 14l 16! 17! 70°—100°F., to gravity at 60°F., by adding the grains and decimals of a grain
L1 O T O 8 R B T T 0 N 3 N+ - B A 1) found in the table '
1002 | gy 12| op3) L3 10} 181 3 w3 S8 S 98 100 ' .
1003 | 14 18| 20 22 24 A 5| 53| 59 o3 Lo Example.—Temperature 83° F.
* : . * I L] o' . . . . i ) .
. iggé ‘1,2 | ;é ‘Z;Z} e S i3, a8 561 65 | 72 78 f 1005 Weight of aqueous extract in 1,000-grain pyknometer at 89° F.=99833 grains.
1008 | 28 36| 39 dd | 40 Wl ot e é:g | 98| 100! 1007 Correction from table T=357
" 1007 33 40| 45 50! 54 o i \ o 17 g | ! . N
. L i e el 67 74 €6 | 09| 1104 119 1 1003 )
oo | el os 74| 82 o4 | 100 11221 133 1 3000 Extract-gravity at 60° ¥. =100190 ,
1010 " 55, 62 70 75 81 91 181 118 185 .. | 1010 : e
) o g2 §9| o7 - 118 e e 1012 ' .
%gi? wo | T4 s 06| w03 113 31 1013 Use of Tables 1T and II1. )
: . M o . ) . v 1701 . . . -
1014 e 102 nel 131l O L1095 . (8) To find the obscuration in proof-degrees. Table I gives this by
S . 105 115 325|139 e | | e || 1015 mspection, Table II may require interpolation.
: | A 12-2 181 . .- v 7 . .
07 LRI 4 e 1013 Bramples.~—
1009 | . Aws ; {#) Apparent strength 80° U. P.
: ) .
: o Extract-gravity at 60° F. =1001-90
Obscuration by table =20 proof-degrees.
{&) Apparent strength 29° U. P. ' :
Extract-gravity at 60° F, =1013'3

Obscuration by Table 11T by interpolation=11¢ proof-degrees.
The figure 116 is found as follows :— o

Look up in the table the correction for each of the extract-gravities
nearest to the one found (1013'3) at each of the strengths nearest to that aiven
(29° U. P.) and arrange them thus :—

20°0. 2. L. P
For 1,013 103 ils Diff =12
» 1,014 ' 111 123 Dift. =12

The number 29=20- 2, of the difference betwesn 30 and 20,
8o the correction at 1,013 for 29° U. P. is proportional, namely—
103+ 3 of the difference between 115 and 103
=103+ (09x12)=103+1058=114 . . . 3)
By the same reasoning, the correction at 1,014 for 29° U, P. js—
11143 of the difference between 123 and 111
=1114(09x1-2)=11"141-08=12:2 . , . (4)
The given extract-gravity, however, is 1,018'3 which is 1,018+ 3, of the
difference between 1,014 and 1,013.

The corrections for 29° T, P. have just been found, viz, (3) and (4).
So the correction at 1,013'3 for 29° U. P. js—

114+ & of the difference between 12:2 and 114
=114+ (03 x0'8)
=11'4402=11"6, as stated,
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IT.--Report on the existing laboratory accommodation and equipment ot
Caleutte, Modras and Bombay. :

In December 1910 I was deputed to visit the Customs Laboratories at
Caleutta and Bombay and the Board’s Laboratory at Madras to demonstrate

Colonel Bedford’s method of obscuration and also the English method in

‘preparation for the cold weather tests. ‘

1 was requested to report to the Director, Central Excise Laboratory, as
to the snitability of these laboratories for use as Testing Stations for combined
Customs and Excise work. This report is now presented here.

Caleutts Customs Laboratory.—The room at present occupied is in my
judgment small and crowded and poorly lighted. The water supply is
inadequate and badly arranged consisting of a tank half-way up on wall, filled
by hand labour, and only distributed to the distilling bench, The arrangements
for washing apparatus are wasteful and inconvenient. The stock of apparatus
provided is very limited. According to present orders these defects will be en-
tirely removed. A more suitable room is in contemplation and the apparatus
from the Central Excise Laboratory is to be placed in it

Bowbay Customs Laboratory.—~The site of the laboratory is bad as it is
on the ground floor with heavy trafiic immediately outside, resulting in the
entry of much dust and dirt and at times o most distracting amount of noise.
A more suitable upper room was indicated as a possible alternative later. The
-water and gas supply are ample and well arranged. The present stock of
apparatus is excellent and the provision of new or special apparatus is fully
arranged for.

The Board's Laboratory, Madras—~This is a fully equipped laboratory
with every desired convenience in the way of plant, apparatus and full provision
for maintaining it. The natural lighting is not particularly good and the
immediate neighbourhood of important Record Office causes anxiety to the
officer in charge, as a fire once started might have disastrous results. A
- specially built laboratory away from other buildings is proposed. Chemical

" work of any description is adequately provided for. The officer in charge has

four assistants, the senior being - a well-trained graduate in chemistry of the
Madras University. ‘

" R. L. JENKS,
Officer in charge, Central Excise Laboraiory.
Kasavil ; . :
The 15th September 1911,
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II1.—=Table for correcting the weight of spirit found at temperatures 61°F. —
‘ 100°F. to real gravities at 60°F.

v Usk or TaB1E.

This table is to permit of the weighment of spirits in a pykno ir
temperatures and thus avoid the troubles of dilatatic]?n and de“? )frormzuréﬁfgr ?jhilil
occur at 60° F. in tropical climates. A pyknometer holding strictly 1,000 grains
at 60°F. is used (for adjustment of such, see Obscuration Report, Notes to Tables
I, I1 and IIT). This is filled in the ordinary manner, the temperature of the
spirit at the time of filling being carefully observed. It is then weighed on the
balance. The vertical column in the table to which the actual weight of the
spirit is nearest is followed down to a line corresponding to the temperature of
filling. The figure found at this point is added to the actual weight and the

sresult is the true weight, supposing the spirit had been cooled to 60°F. and
weighed at that temperature. This quantity, by moving of the decimal I;oint ‘
becomes at once the gravity at 60°F. of the spirit, the value of which in spirif’:
terms (degrees proof or per cent. by volume) is found from any recognised
z}lcohol Tables. The Alcohol Tables most commonly used are those rinted for
the Collector of Customs, Calcutta, in 1889, for the use of the Appraisers’
Department. These are in fact Otto Hehner’s Tables published in the Analyst
Vol. V. Certain irregularities have been discovered here in them. The British
Government is about to publish official revised Alcohol Tables by which gravit-
les obtained by the use of this present table should then be interpreted. ®



)

-l

9

" Weight in grains of the spirit at temperafures 61°—100°F,

Fahr.| 830 840 | 850 | 860 870 880 890 200 905 910 915 | Fabr.
61°) 050 | 049 | 045 | 042 0-39 -0-36 0-48 047 043 044 044 61°
62| 100|099] 005] 002] 089| 086} 096 0'v4 091 o088 | .o87| 62
63| 150 | 148 | 144 | 141 1-38 135 145 140 1-36 132 130 | 63
641200, 197 | 193] 190 | 187 1-84 1:93 1:88 1-82 176 174 | 64
65| 250 | 247 | 943 240 | . 237 ] 234 231 2:96 2:93 220 217! 65
66 ] 298 | 294 | 290 | 286 2-82 2:78 276 250 2:66 2:63 2:59 66
67 | 347 | 543 338 333 328 323 319 316 310 306 3011 67
68| 395 | 590 | 384 | 378 372 866 63| 358 353 349 344 | 68
69| 444 ] 433 ] 481 424 417 410 4097 402 397 391 3'86 69
70 { 493 { 486 ( 478 | 471 4'64 458 451 445 440 436 430 70
71| 539 | 532 ] 524 | 616 | 508 503 | 494 488 483 478 71 71
v2 | 585 | 579 | 671 | 563 555 548 | 538 532| 525 521 513 | 72
731 6311 626} 618 | 610 602 593 65'82 575 568 £63 555 73
74| 677 | 678 ] 665 | 657 649 38 626 618 610 605| 597 | 74
7w 723 19| 712 { 703 693 683 670 660 6563 647 639 78
76 | 7750 ) 7661 759 | 749 738 727 713 7-03 695 690 6°80 76
77 | 817 | 812 | 805 | 794 782 771 767 745 739 732! o2 ¢
78 | 864 | 859 | 852 | 840 | 827 815 80l] 788{ 7T8l| T7a| 76| T8
791 931 905 | 898 | &85 | 872 859 845 | 832] 8251 816 wo08| 79
80 | 958 | 9-52.{ 945 | 9°31 917 902 888 | 872| 867 888| 848| S0
81 (1005 | 999 | 991 | 977 9621 947 932 | 917 911 901| 89| 81
82 11052 | 1045 {10'36 {1021 | 1005 960 976 | w6l 955 | 944 933 82
83 110099 1001 |10-81 [16:66 | 1049 | 1033 | 1020 | 1008 w09 | o988 975 &3
84 |11-46 1187 |11-26 {11710 | 1092 | 1076 | 1064 | 1050 | 1043 | 1¢31| 1018 | 84
85 111-03 [11'84 |11-78 {1167 | 1139 | 1123 | 1108 1095 | 1087 | lo%5| 1061 85

86 |1242 1282 11220 {1203 | 11'84 | 1167 | 1153 | 11°38 | 1130 1118 1103 | 88
87 {1291 {1280 |12:67 {1249 | 1229 | 1211 | 1196 | 1182, 1178} 116L{ 1145 87
88 11340 |1328 | 1814 1295 | 1274 | 1265] 1239 | 1295 ) 1218 1205] 11%7 | 88

89 |1388 [1874 |13-69 (1839 | 1317 | 12:99 | 12w3| 1269 | 1259 | 1247 | 1220.| 89
o0 |14:36 11421 {14:05 [1383 | 1360 | 1342 | 1328 | 1813 | 1303 | 1201 1272 9o
ol |14'%2 |14'67 |14-51 |1430 | 1407 | 1387 | 1372 | 1355 | 1345 1332 1312] 91
92 11593 |1513 11496 |1475 ) 1452 | 1432 | 1417 | 18981 1387 | 1374| 18553 92
93 11574 1559 | 1542 {1521 | 2498 | 1477 1460 1441 1429 ( 1416| 1395 | 93
94 {1620 {1606 {1687 [15:66 | 1543 | 1522 | 1504 | 1484 | 1471 | 1457 1436 | 94
95 | 1667 1652 [ 1634 |16:13 | 1589 | 1566 | 1547 | 1527 | 1513 | 1498 1477 | 95
96 {1716 |16'99 | 16779 J 1657 | 1633 | 1610 | 1590| 1570 1657 | 1540 | 1519 66
o7 1763 [1746 11725 {1702 | 1676 | 1654 | 1684| 1614 16001 1583 | 1561 | 97

- 08| 1811 {1703 | 1771|1547 | 1720 1698 1678 | 1658 | 1643 | 1627 | 1603 | 98
99 | 1859 | 1840 |1817 |17°02 | 1764 | 1742 | 1722 | 1701 | 16:87 | 1670 | 1645 | 99
100 | 1907 | 1888 |18'64 {1839 | 1811 1787 | 1767 | Ir46| 2730 [ 1712 | 1687 | 100

Fahr.r‘830 840 | 850 | 860 870 880 890] 900 905 910 915 | Fahr.

Fshr.| 920{ 922 | 924 926 928 930; 931 932 933 934 985 | Fahr,
61° 043 | 042 | 042 041 | .0a1| o041| o040| o040) o040 o040 040 61°
621 Ox6 ) 0085 ) 084 083 082 081 081 080 080 079 079 62
631 129} 1271 126 | 025 123 122 121 121 120 119 118 | 63
64 1721 170} 1'68 | 1-66 164 162 I61 1-61 160 1:59 158 64
65 | 213} 211 | 210! 208 2:05 2:03 202 | 201 20| 199 198 | 5
66| 285 | 253 | 2511 250 947 | 244 | 243| 243 2:41 2:39 238 | g
67 | 297 | 205 203 | 291 2-88 2:85 284 ] 983 2:81 280 | 279 g7
68 | 839 387 | 334 332 3-29 326 32 | 323 222 320 319| 68
69| 381 379! 376 | 343] 870 367 366 | 364 3-62 3'60 359 | 69
70 | 4231 421 418 414 411 407 | 404|402 400] 398! 395 7o
71 464 ] 462 | 458 ) 455 451 446 443 441 440 437 434 71
72 | 505 | 503 ( 499 | 496 | 491| 485( 483| 481 479 4760 a13| 72
731 647 | 644 | 540 ] 536 | 531 5951 623| 520 518 514 511 93
74| 588 | 585 | 581 | 577 571 pea|  Be2]  B5Y 556 562 | 550 74
75| 629 626 | 622 | 617 611 601 602 599 595 591 5881 75
761 670 | 667 | 663 | 656 660 | 644] 639 638 632 628 626 76
771 712 | 708 ) T02 | 696 6'88 683 677 673 6:69 6'65 665 77
781 753 | 740 | 743 | 7351 7o 7-23 715 712 707 702 702 78
79| 7941 790 | 782 | 778 766 7621 764 49| 744 740 | P41} %9
o] 835 ) 831 ] 823 814] 805 797 791 | 787 5782 T8 792 80
81| 876 | 871 | 862 853 845 838 829 | 824 820 8§15 814 | g1
82 918 | 911 | w02 | 893 883 878 868]| 862 858 852 850 | 82
831 959 | 952 | 942 | 932| 922 914 905] 900! 895 son| 886 83
841001 | 992 982 992 | 961 951 o44| 928 933 997 | 921 84
85 11042 [ 1032 [1022 |10 | 1000] 988 082 | 976 970 | 963 957 | -85
86 | 1083 [10-73 1063 {1062 | 1040 | 1027 | 1022 1015 | 1008 | 1000 995 | g6
87 |11'25 | 1115 [1104 {1092 { 1080 1067 | 1060 1063 10461 1040 | 1033 | g7
88 {1167 [11'56 |11'46 {1133 | 1120 { 1106 | 1300 1093 1085 | 1077 | 1070 &8
£9 |1209 [11-07 |11'86 {1173 | 1160 | 11-46 | 1138] 1181 1123 | 1116 1108| 89
90 {1260 {12:39 (1227 {1214 | 1200 | 1185 ( 1178 1170 1162 | 11531 1146 | g0
01 {12:90 {1v7e {1266 J1253 | 12881 1223 1215) 1207 | 1199 1190| 1182 &1
92 11329 | 1318 |13:06 {1292 | 1277 | 1262 1252 | 1244 | 1236 1227 | 1218 92
93 [13-70 |13-68 {1344 1331 | 1815 | 1300 | 1290 { 1281 | 1274 | 1264] 1255 93
94 {1410 {1397 118'84 1370 | 1364 1337 1328| 1319 111 | 1301} 1292} 94
95 | 1450 {1437 {1423 {1400 | 1392 | 1374 1365( 1357 1348 | 1z38| 1328| 95
96 |14'90 1477 |14°63 {1447 | 1430 1433 1402] 1393 | 1384 | 1374 | 1364| 96
97 {1631 |{16°18 {1503 {1487 | 1470 1449| 1440 14'30| 1420| 1410 1399 97
98 |1572 {1558 | 16743 1625 | 1508 | 3487 1477 | 1467 | 1458 ) 1444 1495)] 98
99 {1613 {1509 {1583 |15°64 | 1548 | 1525 | 1615] 1504 | 1494 ) 1482 1470| 09
100 {16:54 {1640 {16:23 |1604 | 1586 ] 1563 | 1561 ). 1541 ! 1530] 1520( 3506 | 100

Fahr| 020 922 | 924 | 926 928 930 931 932 933 934 35 | Fahr,
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Weight in grains of the spirit af temperatures 61°—I100°F.

Fabr.| 936 | 937 | 938 | 939 | - 940 941 942 943 944 [ 945 946 | Fahr.
/19 039 | 039 03| 039 039 038| 038 038 038| 033| 037! e1°
62| o078 o8 o8l ovrl o7 | o077 o78| o76| 075] o074] o073] 62
63| 1118 | 117 | 117 | 18| 16| 115 ll4{ 1| 113 112|111 ‘63
64| 157 | 166 | 15| I'56| 154 153 162] 162] I5L| 149 147| 64
65! 197 | 195) 194 | 193] 193| 193 191| 190 188( 18] 1Iws| 65
€6 | 237 | 26| 233 ( 232 231 230 22| 228| 23| 223 22| 66
67| 277 | 975 2731 271 269| 268 | 266| 265| 262| 60| 257| 67
68| 317 | 316 | &13{ 310| 307| 306| &04| 803{ 300| 297! 294( 68
69| 357 | 851} 51| 348 | 345| 343| 842| 3490| 37| 34| -331| 69
70{ 362 | 390 SR8 | 3841 384| 882! 380| 378 BV4| 37L{ 367| 70
71) 430 | 4301 426 | 422 | 422 420f 418| 415 410] 406[ 402 T
721 470 | 468 | 465 | 461 | 461 | 457 | 455| 4521 447 443 438 | 72
73| 6-03 | 506 | 601 | 498 499! 496! 493 490| 48| 480|{ 476| 73
74 | 547 | 543|540 | 5351 38| 6341 530} 527| &2| s16] s13| 74
75| 585 | 58L | 578 | 673 676 | 6572 668 563 559 651) 547] 75
76| 622 617 | 613 ) 608 612 6-07 602 597 593 585 5791 76
77| 668 654 | 648| 644 646| 642| 636| 631 626 619  613| 77
78| 695 | 690 685 | 680 | 680| 677| 67L| 665 661| 653| 646| 78
79| 732 | 726 721 | T16| 716 713) 706| 699 695 87| 679 79
g0 | 768 w62 | 757 | T51| 780 750| 742| 734 730 73l{ 7TI2{ &0
g1 | 803 | 798| 792 | 788 | 786 | 83| 7I5| 67| 762 753| 743} 81
82| 841 | 835 | 830 | 824 823! &I7| 8&09| 8C0| 79| 78 7T4| 82
83| 877 | 871 | 866| 860} 860| 851| 842 834| 27| gI8| 07| 83
84| 914 | 9u8 | 902 895| &96| 886! 877| 868 859| 850| s3] 84
85| 951 | 944 | 938] 931 931| 920| 911| 901| 892| g82| 870| 85
g6 | 988 | 981 ) 974 967 964| 953 943 933| 922| 913| 899 86
87 |10-26 {10°18 {1011 1003 | 999 | 988 | 97| O67| 956 847 | 929 | 87
§8 |106% | 1055 [ 1048 [10-40 | 1033 | 1022} 1012| 1000| 988} 977 | 958| 88
89 {11°00 {1U'9l {1084 {10-76 | 1068 | 1056 | 1046 { 1032 | 1021{ 1008| 989| 89
90 |11-37 {1128 {1120 | 11-11'} 11002 | 1001 | 1080 | 1066 | 162 | 1040| 1029| 90
91 | 11772 | 1164 {1154 {1146 | 11:36 | 11:24| 1114 | 1098 | 186 | 1072 1063 | 91
92 11210 [1200 [1190 |1i-81 | 1170 [ 1158 | 1147 | 1132 | 1120} 1106 | 1087 | 92
93 125 [12:34 1225 {1216 | 1204 | 1192| 1181 | 1165 | 1154 | 1189 | 1121 | 93
94 {1281 [12:70 {1260 | 1252 | 1238 | 12251 1213 { 1199 1186 | 1173| 1157 | 94
06 11317 [13:06 {1296 [1286 | 172 | 1258 [ 1246 1232 1220 1207 | 1190 ' 95
96 1363 {1340 {1331 {1320 | 1306 | 1291 | I280{ 1265| 1232| 1238| 1221| 96
o7 11387 |13°75 (1365 | 1354 | 1340 | 1325 | 1312 1298 1283, 1263 | 1262] 97
98 | 1422 {1410 {1440 {1388 | 1378 | 1353 | 1345 | 1330 | 1316 | 1301 | 1z84| of
90 |14'57 {1435 | 1433 {1422 | 1407 | 1391 | 1378 | 1362 | 1345 | 1331 | 1318| w99
100 {1492 {14'80 |14'69 | 1455 | 1487 | 1420 | 1409 | 1394 { 1377 | 1360 | 1344 100

Fahe.| 936 | 937 | 938 | 939 940 941 942 943 944 945 946 l Fahr.
Fabr.| 947 | 948 | o940 | 950 | 951| 962 983| 954 | 955| 956 | 957 |Fahr.
61° 036 | 036 ] 036] 035 | ©035| 034| 34| 033 082| o032] 031{ 61°
621 072 | 072 072 ] 070 | O70| 069 068] O67| 066| 064| 063] 62
63]209| 108 | 108| 106| 104) 103| 102] 100 098| 096 094] 63
64 146 | 14| 143 | 142 139| 1387) 136 134( 131 128 1% 64
65| 182 180 F 179 | ¥77 | 1v4| 1yl 1e9) 167] 163| 160 157| 65
66| 218 | 215 213| 212§ 209| 205 263 1Y8| I95( 192| 188 66
67| 255 | 252 | 250 | 248 | 244 239 236] 231) 227 22| 22| e7
68| 91| 28| 286 | 383 | 278 273| 270 265| 259| 256 250 68
69 | 328 | 324 | 321 | 318| 12| 307| 304| 297| 291| 283( 28| ¢9
70| 364 | 361 | 358 | 853 | 348| 342 337] 381| 326| 32| 3| 70
71| 898 | 3947 301 | 385 | 380| 374) 867| B36L| 3I665| 349| 42| M
720 4331 428 425 | 419 | 44| 407] 399| 392| 38| 378 31| 12
73 468 | 463 ) 459 | 452 | 447 | 440 431 423| 416| 407| B98| 73
74| 504 | 497 | 494 | 486 | 480 471 462| 4b53| 445| 437 427 74
75| 539 | 533 | 528 | 520 512| 50s| 494| 485| 476 46T 457| 75
76 | 571 | 565 | 560 | 562 ) 54b| 536| 52| 57| 607| 496] 491 76
77| 606 | 598 | 503 | 584 | 575! 566| 556( 5431 637| 52| 518| 47
781 638 | 630| 625 | 616| 607 | 6597| 587 | 6568| 668 536| 646| 78
79| 673 ) 665 | 658 | 649 | 640 620 | 619 596| 598| 85| 573| 79
80| 706 | 698 | 690 | 680 67L| 660| 650| 640( 68| 616{ 601 80
81| 787 | 728 720 | 10| 699 | 689 678) 65s| 656| 643 62| s1
82| 167 | 75T | 449 | 7RO 72| 7T TOT| . 686 684 6€70| 655 &2
88| 798| 78| 779 | 769 | 756 | 746 734y 717| 712| A96| 683] 83
84| 829 818 | 810 | 799 | 784 TTA| T62| 749 740 72| 79| 84
85| 860 | 850 | 838 | 828 | 814 803| T9L| 9V9| Y6r| 7T50| 87| 85
86| 89L| 880 869 | 88| 842 831 819} &or| 74| YIT| 65| 86
87 1 921 | 910 | 899 | 888 | 873 | 861 g48 | 834| 82| 805| T4 o7
881 962 | 93y | 920 919) 902| 890| &77) 863) 850] 834 8§32| g8
89| 984 | 970 | 960 | 949 | 931 910| 905| 91| 87| 862( 850 89
90 11014 11000 | 990 | 975 | 960 99| 934! 92| 90| 890 878| 90
91 11046 {1031 {1021 |1009 | 990 | 978 | 962 w47 932} 9I5| 9023| 91
02 110778 11064 |1052 {1039 | 1020 | 1007 | 990| 975| 938| 940| 926 o2
93 11111 {1097 {1084 {1069 | 1050 | 1035 | 1018 | 1002 | 985! 964| 950 93
941145 [1131 {1116 [11°00 ) 1081 [ 1064 | 1045 | 1030 | 10121 989| 973| 94
9511179 11160 11148 (1130 | 11112 | 1w92 | 1078 1055 1038 | 1014| 997 95
96 11207 |11'90 {1174 [1168 | 1140 | 1120 | 11000| 1080 | 106L| 1038 | 1019| 98
97 11238 |12:21 |1202 | 1185 | 11'67 | 1147 | 1126 | 1106 | 1086 | 1066 | 1043} 97-.
93 11268 {1251 {1231 |1218 | 1194 | 1175 | 111 | 1I'81| 1110{ 1u83| 1066| 88
99 11298 |12:81 [12:60 {1242 | 1223 | 1203| 1r78| 1167 | 1135| 1114) 1088[ 99-
100 {1327 11410 |12:90 {1270 | 1250 | 1229, 1205 | 1183| 1l60| 1139 11I3| 100

Fabr.| 947 | 948 | 949 | 950 951 952 958 954 955 956 | 957 | Fahr

31

Weight tn grains-of the spirit at temperatures 61°—I100°F.

Fabr| 68| 99| 90| 61| 62| 9s3| o6s| 965| 966 | 967| 968 |Fahr
61°] 00801 030 | 029 | 028 0328} 027 026 026 025 024 024 61°
62| 0611 060 | 059 | 056 055 055 u53 052 050 048 047 | 62
631 092 090! 088} 85 083 082 080 078 075 072 070 63
64| 123 1201¢ 1118 113 11l 1'10 106 103 100 096 094 | 64
65| 152 150 | 147} 142 139 187 1°32 129 134 1-21 118 65
66| 184 180 1’76} 171 167 164 159 155 1:50 145 140 66
67| 215 210 | 205 200 195 101 1'85 179 174 1°69 1631 67
68| 245 240] 2341 229} ~ 228 218 212 205 199 1-93 185 68
691 276 270 264 [ 2568 252 2:45 2:38 2311 224 217 2081 69
70| 307 ) 300} 2931 287 279 271 -264 267 49 240 | 231! 70
71| 3351 328 320 312 303 296 2:89 279 b 269 260 252 71
72 | 363 356 | 346 337 327 320 312 302 293 2-84 2741 72
731 891 | 383| 873 | 363 353 34 336 325 314 308 | 296) 73
741 420 4101 399 | 389 377 368 358 347 336 327 3181 74
76 | 448 438 | 425 | 414 403 393 383 372 3-60° 350 340 75
761 476 | 465 | 451 | 441 428 418 406 395 3-82 372 361 76
77 1 5041 493 | 479 | 466 455 444 431 419 405 394 3-82 m
78 1 634 { 523 | 508 493 480 469 4'54 443 427 4'18 403 78
79} 362 | 549 | 534 | 521 507 495 479 467 451 438 4-25 79
80| 590 | 577 | 562 | 548 533 520 503 490 473 460 446 20
81| 616 ] 604 ] 583 | 574 558 543 527 513 496 | 481 467 | 81
82| 642 | 629 614 | 598 582 567 551 537 519 604 487 82
83| 668 | 656 | 641 | 624 607 591 576 560 542 525 508 83
84 ) 694 | 683 ] 667 | 650 633 616 60L | 584 567 649 529 84
85 | 7211 709 | 694 | 676 658 6'40 625 807 590 570 550 %6
86 | 748 | 734 | 7119 | 7701 683 665 648 631 61 590 571 86
87 778 | 762 | 748 | 728 709 6'39 670 653 633 610 590 87
48 | &8 | 789 | 772 | 754 735 715 693 676 653 630 610 88
89 | 834 817 | 799 | 780 761 739 716 697 | 674 650 830 89
90 | 860 | 843 | §25 | 805 787 763 7-40 7-20 695 671 650 90
ol | 83| 864 | 845 | 826 806 782 758 740 716 6992 6721{ 91
92 | 906 | 886! 867 | 845 826 802 778 7°60 735 } 713 691 92
93| 929 | 909 | 887 | 866 846 822 797 780 755 733 711 93
94] 952 | 931 | 909 | 887 866 841 816 800 975 755 731 94
95| 974 | 962 930 | 908 886 861 838 820 796 | 774 762! 96
96! 996 | 974 | 951 | 929 907 9832 &58 g4l | 817 | 794 792 { 96
97 (119 | 997 | 973 | 9560 9.9 9-04 881 861 887 8§14 791 97
98 (1041 1018 | 995 972 950 926 902 88l | 858 | - 833 811 98
99 {1064 [ 1041 {1017 | 992 971 947 924 902 878 852 830 99
100 | 1088 | 1064 |10:40 1013 9493 968 g43{ 921 898 874 850 | 100

Fabr. | 958 | 959 960| 961 962 963 964 965 966 967 968°| Fahr.

Fahr, | v69 | 970 | 971| 972 973 974 975 976 o7y 978 979 | Fahr.
el°| 023 | 032 21 020 019 018 017 o016 015 014 013 61°
621 045 | 024} 042 040 038| 036 034 033 o3u] 0928 026 62
631 068 | (66| 063 060, 057 054 051 |- 048 045 | 043 0391 63
64| 0091 | 088 84 ) 080 076 072 068 064 060 | 056 052 64
65| 1113 | 1'10| o7 ] 10t 097 090 0851 080 07b 070 066 { 65
66| 1851 1131 | 1'26 | 120 115 108 102 096 090 0'85 080 [ &6
67| 157 ] 162 146 139 133 125 119 1112 106 100 094 87
68| 179 | 173 | 165 | 159 151 143 136 1'28 121 115 108 48
€] 2011 194 ) Ls5| 178 169 180 153 144 1'36 130 1221 69
70 | 223 | 214 | 205 | 198 187 178 170 161 152 144 137 70
71| 943 | 2:34 | 224 | 216 2:06 197 188 179 170 162 154 71
72 | 264 | 265 ) 244 | 236 295 216 2:06 197 1-87 179 170 72
73| 287 | 276 | 265 | 265 244 2:33 293 213 203 194 1-85 73
74 | 307 | 297 | 265 | 2775 263 252 2:41 2:30 220 210 2:01 74
75 | 320 | 318 | 804 | 294 283 972 260 249 238 227 217 75
76 | 350 | 36| 322 | 311 300 387 275 2:64 252 241 231 76
77 | 369 | 366 | 840 329 317 293 291 279 267 256 246 | 77
78| 380 | 374 | 859 347 334 319 306 2:93 281 270 261 78
79| 408 | 393 | 379 | 365 351 335 322 309 297 286 277 79
80| 498 | 412 397 | 882 67| 362 338 324, 312 301 291 80
81 | 449 | 433 | 4’17 | 402 387 8721 357 343 331 320 310 81
82 | 471 | 454 | 4381 422 407 392 377 363 3'48 338 3267 82
g3 | 493 | 475 | 458 | 443 427 412 396 3'BL 367 355 344 | 83
83 516 | 496 | 478 | 463 | 447 a321 416 399 3841 373 360 | 84
85 | 537 | 518 500 | 481 467 i 451 434 418 402 390 3771 86

86| 558 | 536 518 500 484 468 452 436 420 408 395 86
87| 678 | 554 | 526 518 501 484 469 453 4°38 426 412 87
83| 699 | 572 654 | 537 518 500 456 470 456 444 430} 88
89| 619 590 572 | 653 624 518 503 486 474 461 4471 89
90 | 640! 610 540 | 570 551 534 519 502 490 478 463 90
91 | 6568 | €30 611 592 571 556 538 522 509 R 4791 91
92| 676 | 631 63u| 611 590 673 557 540 526 512 495 92
93| 695 | 671 650 | 632 611 594 675 558 543 528 5101 93
94| 714 692| 669 65) 630 613 593 576 560 543 526 94
95| 732 | 7121 690 | 670 650 632 612 594 577 560 541 95
96| 750 731] 709 | 688 669 650 629 611 594 576 568 | 96
97| 77L) 750 7281 708 686 667 647 629 611 592 576 97
98 | 789} 769 746 | 724 704 684 | 664 645 627 603 5031 98
99 | 809 788 764 | 743 728 703 | 683 662 643 625 610 | 99
100 | 828 | 606 | 783 | 762 748 7:20 7-00 680 660 641 837 | 100

Fahr. | 969 970 | 971 | 972 973 974 976 976 977 978 979 |Fahr.




Weight in grains of the spirit ot temperatures 61°—100°F.

32

Fahr. 980 1 9811 982 983 984 ) 985 990 995 1000 | Fahr.
61° 0-12 | 012} 011 | 011 | 010 | 01O 0-09 0-08 0-08 61°
621 0241 0241 022 021} 021} 020 0-18 0-16 0-16 62
63( 0-37 ¢ 0385 033 032§ 0-31| 030 0-26 0-25 0°24 63
64| 050 | 047 044 | 043 { 042 ] 040 035 0-33 0-32 64
65| 062 { 0581 0551 052 [ 051} 050 044 041 040 65
661 o073 071 | 068 065 | 063 ] 062 0-55 051 0°50 66
67 087§ 0841 081} 078 075 073 0-66 061 0-60 67
681 100 097 | 094} 091 087 085 077 071 070 68
69| 114 110 107 ] 104 099} 097 0-88 0-81 0-80 69
70 ] 129 | 124 ] 120} 1-17{ 112{ 1-08 0-98 091 060 70
71} 145 ] 1404 136} 1-32{ 126 | 122 110 1-08 1-62 71
72 1-62 | 1'56 | 161 | 147§ 141 1-36 123 115 114 72
731 176} 169 | 165 | 160 ] 155 | 1'51 1:35 1-27 127 73
741 192 184 179 1744 169 | 165 1-48 1-40 1-38 74
75 208 | 199 (- 194 1-88} 183} 179 1:60 1-52 _I'a1 75
76 | 222} 213} 207} 201 | 195 | 191 1-74 1-66 1'64 76
771 2871 228 | 221 216 209} 205 1-87 1-79 178 77
781 251 242} 235 230 228 218 201 1-93 1-92 78
79} 2664 2571 250 2441 237 | 232 2:14 2:06 2-06 79
80| 281 271} 263 | 258 ) 250 | 246 2:27 220 220 80
81 | 297 | 2:89 | 279 | 2751 2.67 | 260 2:42 2:35 2-36 81
821 3181 303 294 289 | 281} 275 2:56 2-49 251 82
831 828 820 | 310 303 | 296 2-89 271 264 2-67 83
84| 347 | 8385 | 327 318} 312 304 2:85 278 2-82 84
85| 364 352 | 342} 333 327 819 300 294 2°95 85
86 { 3821} 370 389 349} 343 385 317 3:09 314 86
87 { 400 | 887 | 376 367 ] 360 352 3-32 825 329 87
88| 418 | 405 | 394 384} 377 368 349 341 343 88
89 [ 435 ) 422 | 412} 404 394 ] 385 364 357 307 89
90 | 4°51 | 440 | 430 | 420 410 | 402 3:80 372 371 90
91| 467 | 456 | 446 | 487 | 428 | 419 398 3-88 3:88 91
92 | 483} 473 462 | 4563 | 442 | 436 414 406 4-06 92
931 499 | 487 | 478} 470§ 460 | 453 432 423 428 93
94| 515 ] 502 | 494 | 486 | 476 { 470 4-48 441 442 04
95| 530 | 518 509} 500] 492 | 487 466 459 4-59 95
96 | 547 | 536 528 | 5201 511 504 483 4-78 478 96
97 | 564 | 553 | 545 ) 536 | B28 | 522 501 4-96 4-96 97
98 | 581 ] 570 ) 562 553 | 545 539 519 513 515 98
99 | 598 587 | 578 570! 562 | 557 5-38 532 533 99

160 | 614} 603 ) 596 | 588 580 573 - 557 550 551 100

Fahr. 880 | 981 | 982 983 | 984 985 990 995 1000 | Fahr.

B. 6 P, I ~X0.25 C, & L~1.6-13~500
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