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 T h e procedure t h e n is t o a d d a t t h e bottom of t h e bottle z cc. of manganous sulfate solution (480 grams per liter) followed b y 2 cc. of potassium hydroxideiodide solution (360 grams hydroxide a n d I O O grams iodide per liter). Shake a n d settle. Add a t t h e bott o m z cc. concentrated hydrochloric acid a n d shake until t h e precipitate is entirely dissolved. Then a d d z cc. potassium acetate solution (1000grams per liter) a t t h e bottom a n d mix. Withdraw by pipette I O O cc. into a n Erlenmeyer flask a n d titrate with N / I O Othiosulfate, adding a little starch solution a t t h e end. Correction must be made for 6 cc. of water displaced b y t h e first two solutions a n d b y t h e acetate solution. T h e acid needs no correction, since i t displaces only water from which oxygen has been removed. Precautions must be taken t o exclude contact with air as much as possible until t h e solution is ready t o t i t r a t e b y replacing t h e stopper as quickly a s possible after each reagent is introduced; t o get complete solution of t h e precipitate b y t h e hydrochloric acid; t o give t h e thiosulfate a little more time t o react a t t h e end point in t h e acetic acid condition; to use small amounts of starch solution. For introducing t h e solutions it is advisable t o use pipettes with t w o marks, measuring z cc., well up on t h e pipette so as t o give head a n d not contaminate t h e upper liquid in t h e bottle more t h a n necessary while actually displacing liquid from t h e bottle in proportion t o t h e amount introduced. V. Samples for oxygen may be taken a n d transported elsewhere for titration in ground glass stoppered bottles with p a r t of t h e chemicals added, either in alkaline or acid condition, if kept o u t of contact with air. T h e alkaline condition is preferable, since changes in temperature cannot change results, all t h e oxygen being in t h e precipitate. I n either condition if air leaks in it m a y increase results, in alkaline condition b y direct absorption, in hydrochloric acid condition b y catalytic action of nitrite. I t is not advisable t o a d d t h e acet a t e until ready for titration. Samples for oxygen may best be transported elsewhere for determination b y using medicine pipettes. If samples are not saturated with oxygen, t h e bulbs should be collapsed a n d samples transported without ice; if supersaturated t h e bulbs should be full of t h e water a n d samples iced. Acknowledgment is due Mr. W. A. Horton for assistance in many of t h e determinations. MT. PROSPECT LABORATORY
 
 BROOKLYN, N. Y .
 
 SULFUR DIOXIDE IN GELATINE' By PAUL POETSCHKE
 
 Edible gelatin, according t o t h e tentative s t a n d a r d prepared b y t h e Committee on Food Standards of t h e Association of Official Agricultural Chemists, is t h e purified, dried, inodorous product of t h e hydrolysis, b y t r e a t m e n t with boiling water, of certain tissues, as skin, ligaments, and bones, from sound animals, a n d per~cent ) of ash a n d contains not more t h a n two ( ~ 7 not less t h a n fifteen ( I jyc) per cent of nitrogen. It 1
 
 Presented at the 48th meeting of the A. C. S.. Rochester, September
 
 8-12, 1913.
 
 Vol. 5 , No.
 
 12
 
 is used extensively in t h e preparation of various articles of food, such a s jellies, jams, candy a n d ice cream, a n d it is, therefore, of importance1to eliminate, as far as possible, all contaminating chemical substances. Sulfur dioxide was formerly employed as a bleaching agent a n d also in t h e t r e a t m e n t of t h e raw materials used in t h e manufacture of gelatin, with t h e result t h a t t h e finished product contains considerable quantities of this substance. It was not until t h e Food a n d Drugs Act of J u n e 30, 1906 went into effect, t h a t t h e attention of food chemists was seriously directed t o t h e determination of this substance, not only in gelatin b u t also in other food materials such as wine, dried fruits and sugar products. The products in which sulfur dioxide was used were readily distinguishable on account of t h e considerable amounts present, b u t as t h e use of this substance was discontinued in all stages of manufacture, t h e problem became more difficult, since sulfur dioxide was still found in gelatin prepared without t h e use of this substance. The origin of t h e sulfur dioxide found b y analysis, then became a recurring question a n d t h e opinion of many manufacturers a n d chemists was t h a t t h e existing methods of analysis gave inconsistent a n d fallacious results. T h e main object of t h e present investigation was t o determine t h e sources of error involved in t h e determination of sulfur dioxide a n d t o develop a uniform a n d satisfactory method of analysis. Incidentally, t h e origin of t h e relatively small quantities of sulfur dioxide found in gelatin prepared without t h e addition of this substance was t a k e n up. EXPERIMENTAL PART-ANALYTICAL
 
 Owing to the wide discrepancies which were observed in t h e determination of SOn in gelatin, when t h e same sample was analyzed b y different chemists, a n investigation of t h e cause of these discrepancies was undertaken. Much experimental work was required and, therefore, t h e various sources of error are taken up in detail. I n t h e distillation method, a known weight of t h e sample is dissolved in water a n d distilled, after t h e addition of phosphoric acid, in a n atmosphere of COZ. T h e distillate is collected i n a n excess of iodine a n d t h e iodine used up in oxidizing t h e SO2 determined volumetrically or t h e resulting HzS04 determined gravimetrically as BaS04. Bromine water is also used as a n oxidizing agent, b u t in this case t h e gravimetric method is employed. A D VA S T A GE S 0 F GR A V I METRIC 0 V E R V 0 L U ME T R I C
 
 I-
 
 3IE TH O D
 
 The gravimetric method of estimation of t h e sulfuric acid formed is t h e best method, since t h e volumetric method, in which t h e excess iodine is t i t r a t e d with a solution of sodium thiosulfate, is subject t o considerable error owing t o t h e possible presence of reducing substances other t h a n SO*,which may come over with t h e distillate. A comparison of t h e gravimetric a n d t h e official volumetric method' on a sample of gelatin gave t h e following result: 1
 
 U S. Dept of Agric., Bur of Chemistry, Bull. 107.
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 Dec., 1913
 
 ‘Gravimetric Per cent
 
 Volumetric Per cent
 
 Sulfur dioxide., . . . . . . . . . . . . 0.0085
 
 0.0102
 
 Owing t o the fact t h a t t h e sample contained a small q u a n t i t y of S O P , a N / ’ j o , instead of a N / I o , iodine solution was used. This sample $as selected for this purpose since t h e influence of reducing substances is rendered more apparent when t h e SO2 is low. The : esult on this sample demonstrates t h a t reducing substances are evolved a n d t h a t these are a source of error t o be avoided. It has been repeatedly observed t h a t t h e iodine containing distillates becomes turbid, in some cases t h e cloudiness is very marked, a n d this in itself is evidence of t h e fact t h a t t h e error introduced will depend entirely upon t h e nature of t h e sample under examination. 11-HYDROCHLORIC
 
 ACID C S E D FOR G E N E R A T I N G CARBON DIOXIDE
 
 Commercial HC1 is frequently used for generating COZ from marble. It is absolutely necessary t o use chemically pure acid for this purpose since t h e commercial acid contains free chlorine. I n a number of experiments it was found t h a t free chlorine could be detected in t h e distilling flask by means of starch iodide when commercial HC1 was used, even though t h e COz was washed b y bubbling through a wash bottle containing dilute copper sulfate solution. T h e free chlorine would naturally oxidize a n equivalent amount of SO2 in accordance with t h e following equation: SO2 2Hz0 zC1 = HzS04 2HC1.
 
 +
 
 111-ADVANTAGES
 
 +
 
 OF IODINE
 
 +
 
 OVER
 
 BROMINE
 
 I n t h e gravimetric determination of SOz, iodine is preferable t o bromine since it does not oxidize H2S t o HzS04. Hornel separated t h e HzS b y passing t h e distillate through a 2 per cent neutral solution of cadmium chloride a n d states t h a t t h e SOa is not precipitated b u t passes on t o t h e iodine, where i t is oxidized t o HzS04, t o be afterwards precipitated a s BaS04. T h e fact is t h a t when t h e gravimetric method is employed using iodine a s t h e oxidizing agent, i t is not necessary t o remove HzS. This is, however, a necessary precaution when t h e volumetric method is used. When HzS is passed into a n iodine solution t h e following reaction takes place: HzS Z I = 2HI S. Two experiments were conducted in order t o verify this reaction, especially as t o t h e possibility of oxidizing some of t h e HzS t o HzS04. I . 5 0 cc. of N/20 iodine solution were diluted t o zoo cc. with distilled water and a current of H2S passed into the solution until it was decolorized; 5 cc. of concentrated HCl were then added, the solution concentrated to about 75 cc. by boiling, filtered and precipitated with BaC12. Bas04 obtained = 0.0023 gram. z . This experiment was conducted in the same manner except that the HC1 was added before passing in H2S. Bas04 obtained = o.oozo gram. A blank determination conducted by diluting 5 0 cc. of iodine solution to zoo cc. with water and boiling down t o 75 cc., filtering and precipitating with BaClz, gave 0.0008 gram of BaS04.
 
 +
 
 +
 
 1 “ T h e Chemical Determination of Sulfites in Sugar Products,” U. S. Dept. Agr., Bur. of Chemistry, Btrll. 105.
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 Taking t h e average B a S 0 4 obtained in Experiments a n d z a n d deducting t h e blank, we have 0.0014 gram of BaS04, equivalent t o 0.0004 gram of SO?. Considering t h e quantity of H2S passed through t h e iodine a n d also t h e fact t h a t no a t t e m p t was made t o purify t h e gas, i t is evident t h a t t h e amount of B a S 0 4 is negligible a n d t h a t these facts show t h a t none of t h e H2S is oxidized t o H2S04. When HZS is passed into a solution of bromine, sulfur is first precipitated b u t further oxidatidn t o Hi304 takes place. This was verified by diluting 50 cc. of saturated bromine water t o zoo cc. with water a n d passing in H2S until t h e solution \\-as decolorized. T h e liquid was t h e n acidified with : cc. of HC1, concentrated t o 7 5 cc. by boiling, filtered a n d precipitated with BaClZ. A heavy precipitate of B a S 0 4 was obtained, indicating t h a t bromine water oxidizes HzS t o H2S04. T h a t bromine oxidizes H2S a n d other volatile sulfur compounds, t h u s yielding high results for SOz, is evident from t h e following experiment: h pound of fresh round steak was freed from f a t a n d passed through a meat chopper. A determination of SO2 on t h e same day by t h e gravimetric-iodine method gave two ( 2 ) parts of SO2 per million. The meat was allowed t o decay a n d on t h e fourth day another determination by t h e same method gave six (6) parts per million. On t h e ninth d a y t h e meat had a strongly ammoniacal odor. Two determinations were made, one by t h e gravimetric iodine method a n d t h e other by substituting saturated bromine water for t h e iodine solution. Blank determinations were made in both cases. T h e following results were obtained: I
 
 Sulfur dioxide in parts per million With iodine.. .................... 11 With bromine.. . . . . . . . . . . . . . . . . . .37
 
 Winton a n d Bailey’ obtained similar results by distillation of beef which was allowed t o decompose. They collected t h e distillate in bromine after first passing through a dilute solution of copper sulfate in order t o remove sulfides a n d mercaptans, t h e resulting copper sulfide being weighed a n d reported as H2S. I n two separate series of experiments on beef which was allowed t o decompose for nine days (calculating their H2S figures t o SOZ) t h e y obtained as follows: Sulfur dioxide in parts per million I
 
 Obtained b y copper sulfate.. 38 Obtained by bromine.. . . . . . 12
 
 8 10
 
 -
 
 -
 
 Total, 50
 
 18
 
 T h e authors found t h a t t h e amount of sulfur a s HzS was larger t h a n t h e amount of sulfur as SO?, especially in t h e case of veal. It is, therefore, obvious t h a t iodine is preferable t o bromine since i t is not necessary t o pass t h e distillate through a solution of a metallic salt, such a s copper sulfate or cadmium chloride, in order t o remove sulfides when iodine is used. 1
 
 J. A m . Chcm. SOC.,29, 1499 (1907).
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 T H E JOURNAL OF I N D U S T R I A L A N D ENGINEERING CHEMISTRY IV-DISSOLVING
 
 T H E GELATIN
 
 T h e fact t h a t gelatin is insoluble in cold water, b u t swells u p in i t , a n d is readily soluble in hot water, naturally leads some analysts t o use hot water i n order t o facilitate solution a n d t o prevent t h e flask containing t h e mixture of gelatin a n d water from breaking, which frequently results if t h e flask is heated directly over a small flame before t h e gelatin is completely dissolved. T h e addition of hot water, although t h e flask is quickly stoppered, causes a loss of SO?. T h e results of three determinations on a sample of gelatin which was finely ground a n d well mixed, gave t h e following :
 
 covered with a clock glass provided with a hole in the center the solution boiled to expel the iodine and precipitated with I O cc. of BaCL solution. After standing over night the precipitate was filtered off and weighed as BaS04. Date of experiment
 
 Number 1 2 3 4 5
 
 Experiments
 
 z
 
 Nov. Nov. Nov. Oct. Oct.
 
 0.0045 0 00.54 0.0067 0.0016 0.0016
 
 and 3 were run side by side, and including
 
 Number 6
 
 7 c. 0.0212
 
 I,
 
 8
 
 Date of experiment
 
 Gram of barium sulfate obtained
 
 Oct. 15, 1910 Oct. 15, 1910 Oct. 16, 1910
 
 0.0055 0.0057 0.0039
 
 Two blank determinations were made using in one case a closely covered beaker as a receiver and in the second, the special “beaker-flask” shown in Fig. I . The results were as follows: Gram barium sulfate obtained
 
 Receiver Beaker,
 
 Per cent sulfurous acid = 0.0173.
 
 . . . . . . , . , . . . , , , , , ,. . , , , , ,
 
 “Beaker-flask”.
 
 ,
 
 0.0017 0,0052
 
 i
 
 0.0004 0.0004 0.0005
 
 .,,
 
 Table I gives a series of results, obtained by both methods, on samples of gelatin.
 
 O F THE DISTILLATE
 
 1 P. Zerhan and W. Naquin, U. S. Dept. of Agriculture, Bureau of Chemistry, Bzdl. 116. 2 2. Nahr. Genirrsm., 2 0 , 10-9.
 
 1910 1910 1910 1910 1910
 
 on a new iodine solution. The following experiments were conducted by direct precipitation, that is, 25 cc. of iodine solution, used in 4 and 5 , were diluted t o IOO cc., 5 cc. of concentrated HCl added, boiled t o expel the iodine, and precipitated with BaC12. Experiments 6 and 7 were run simultaneously, and 8 on the following day.
 
 a. 0.0247
 
 Zerban a n d Naquin,’ i n their work on sulfurous acid in molasses, call attention t o t h e fact t h a t if i t is necessary t o concentrate t h e distillate, this should be done in flasks with narrow openings when gas is used as a source of heat for concentrating t h e distillate. K u h n a n d Ruhle2 have conducted a series of experiments in which i t was shown t h a t when a solution of iodine is boiled over a gas burner in a beaker, contamination from t h e products of combustion of t h e illuminating gas takes place a n d this gives rise t o serious errors. The conclusion is drawn t h a t t h e SO2 obtained in t h e distillation of meat is not due t o i t s formation f r o m sulfur compounds b u t t o contamination f r o m t h e surrounding atmosphere. Repeated blank determinations, r u n on successive days, demonstrated t h a t a variable contamination with sulfur took place, since careful tests qf t h e reagents used failed t o account for t h e Bas04 obtained i n t h e blanks. T h e following experiments were conducted in order t o trace this source of error:
 
 14, 30, 30, 15, 15.
 
 Gram of barium sulfate obtained
 
 on the same iodine solution. Experiments 4 and 5 were run
 
 Per cent sulfurous acid
 
 V-COKCENTRATIOS
 
 12
 
 so as t o fit over the exit tube of the condenser. The contents of the beaker were then acidified with 5 cc. of concentrated HC1,
 
 c. 0.0355
 
 It appears highly probable t h a t hot water was used in this case t o dissolve t h e gelatin, since t h e determination shows a loss of about 50 per cent of t h e total sulfurous acid.
 
 No.
 
 Several blank determinations were made by placing 300 cc.
 
 Per cent sulfurous acid
 
 T h e above results show t h a t a loss of from 2 5 t o 40 per cent of t h e total sulfurous acid occurs when hot water is used t o dissolve t h e gelatin. The same sample of gelatin was sent t o a large commercial laboratory a n d t h e following result was reported:
 
 j,
 
 of recently boiled and cooled distilled water in the distilling flask (Fig. I), phosphoric acid added and distilled in a current of COz, collecting zoo cc. of distillate in a beaker containing 2 5 cc. of N/IO iodine solution. The beaker was kept closely
 
 a. 0.0350
 
 T h e same sample of gelatin was treated in exactly t h e same way, except t h a t instead of adding cold, recently boiled distilled water, hot water was used, t h e flask connected t o t h e apparatus a n d t h e usual distillation carried out. It usually required from five t o t e n minutes t o dissolve t h e gelatin a n d during this time t h e flask was stoppered. T h e loss of SO2 incurred b y this treatment is apparent from t h e following three determinations:
 
 Vol.
 
 TABLEI Barium sulfate Total Sample
 
 c
 
 7
 
 NO.
 
 Flask
 
 Beaker
 
 59344 59406 5955 1 59622 59647 59648 59800 59846 60008 60009
 
 0.0040 0.0041 0.0011 0.0014 0.0026 0.0015 0.0036 0.0045 0.0066 0.0049
 
 0.0117 0.0085 0.0043 0.0137 0.0103 0.0043 0.0164 0,0147 0.0127 0,0056
 
 Barium sulfate Blank
 
 Per cent sulfur dioxide in sample
 
 -*__
 
 Flask 0.0004 0.0004 0.0005 0.0004 0.0004 0.0005 0.0004 0.0009 ? 0.0004 0.0004
 
 Beaker 0.0052 0.0031 0,0037 0.0128 0,0049 0.0025 0,0078 0.0135 0,0057 0,0033
 
 Flask 0.0036 0.0037 0.0006 0.0010 0,0022 0.0010 0.0032 0.0036? 0.0062 0.0045
 
 Beaker 0.0065 0.0054 0.0006 0.0009 0.0054 0.0018 0.0086 0.0012 0.0070 0.0023
 
 It is evident t h a t t h e blank determinations made b y collecting t h e distillate in beakers show very divergent results, whereas those collected i n t h e “beakerflasks’’ show excellent agreement, with t h e exception of t h e result on Sample j9846, in which case t h e blank is evidently too high, no doubt owing t o accidental error since all of t h e determinations were conducted on t h e same iodine solution. While good agreement was obtained in several instances for percentage of SO2 in t h e gelatin by both flask a n d “beaker-flask” when t h e corresponding blanks were deducted from t h e total B a S 0 4 , i t is impossible, even under these condi-
 
 T H E J O U R N A L O F I N D U S T R I A L A N D E N G I N E E R I N G C H E M I S 3’R Y
 
 Dee., 1913
 
 tions, when running blanks side by side, t o obtain uniformly satisfactory results. It is, therefore, evident t h a t t h e somewhat prevalent custom of running a blank once a d a y , or even t h a t of running a blank with each determination, cannot be relied upon t o give sufficiently accurate results when beakers are used t o collect a n d concentrate the distillate. T h e uniformity of t h e blank results obtained with t h e “beaker flasks ” demonstrates t h a t contamination from t h e surrounding atmosphere is obviated in this case a n d i t is, therefore, necessary t o r u n a blank only with each change in t h e reagents. T h e following duplicate determinations on t w o samples of gelatin show t h e uniformity of results obtained b y providing against contamination from t h e surrounding atmosphere: 11
 
 T4BI.E
 
 Sample number
 
 Barium sulfate Total
 
 63181 a b 63182 a b
 
 0 0 0 0
 
 VI-COMPARISOK
 
 Barium sulfate Per cent sulfur diBlank oxide in sample
 
 0 0 0 0
 
 0155 0146 0260 0263
 
 0004 0004 0004 0004
 
 O F STEAM DISTILLATION
 
 0 0 0 0
 
 T h e above analyses were conducted on routine samples of gelatin a n d i t is very likely t h a t t h e variations in t h e two methods are due t o lack of uniformity in t h e samples. The variations occur in both directions a n d are not of sufficient magnitude t o indicate t h a t distillation with steam is necessary in t h e case of gelatin. 1’11-RECOVERY
 
 Sulfur dioxide b y gravimetric
 
 Sulfur dioxide b y titration Gram 0.0145 0.0183 0.0218 0.0218 0.0487 0.0487
 
 AND DIRECT
 
 DISTILLATION
 
 TABLE I11 Percentage sulfur dioxide by distillation
 
 Sample number 26226
 
 26227
 
 26229 25915 26i95 26796 26797 26798 26890 26885 26884 60232
 
 60233 60234 6047 1 604 I9 61420 62123 62 124 1
 
 I
 
 W i t h steam a b
 
 0.1661 0.1678
 
 Average = 0 . 1 6 6 9 a 0.0885 b 0.0862 Average = 0 . 0 8 7 3 0.0277 0.0375 0.0618 0,0247 0.0130 0,0504 0.2732 0.0812 0 . I084 0.0009 0.0000 0.0000 0.0017 0.0057 0.0026 0.0032 0.0048
 
 THISJ O U R N A L , 1, 81.
 
 Without steam a b
 
 0.1723 0.1570
 
 C
 
 0.1707
 
 Average = 0.1703 a 0.0886 b 0.0894 Average = 0.0890 0.0252 0.0374 0.0637 0.0257 0.0121 0.0516 0.2749 0,0828 0.1098 0.0000 0.0002
 
 0.0010 0.0014 0.0072 0.0024 0.0042 0.0052
 
 O F KNOLVN A M O U S T S O F S U L F U R D I O X I D E
 
 A number of experiments were made b y distilling known amounts of sodium sulfite solution under t h e conditions observed in t h e regular method. I t was necessary t o prepare a solution of sodium sulfite a n d t o measure aliquot portions, for standardization a n d distillation, at t h e same time so as t o avoid oxidation. T h e standardization of t h e sulfite solution was carried out by titration in a n atmosphere of Con, adding t h e sulfite solution t o a n excess of iodine and titrating t h e excess of iodine with sodium thiosulfite. T h e following results were obtained:
 
 0151 0142 0256 0259
 
 Gudeman’ recommends distillation with steam in order t o eliminate errors arising from decomposition due t o concentration of t h e mass during distillation, on t h e ground t h a t many food products normally cont a i n sulfur compounds which yield volatil sulfur compounds on distillation with acids a n d t h a t these are increased with corresponding increase in acidity a n d concentration of t h e mass. A number of analyses were made i n order t o determine whether i t is necessary t o observe this precaution in t h e case of gelatin. I n all cases t h e distillation was conducted in a current of carbon dioxide, using steam i n one case a n d heating directly with a Bunsen burner, as in t h e usual method, in t h e analyses made for comparison. T h e same volume of distillate was collected i n both methods. Table I11 gives t h e results of these determinations.
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 VIII--,\ETHOD
 
 determination after distillation Gram 0.0145 0.0170 0,0207 0,0206 0.0482 0,047:
 
 O F CARRYIKG O U T T H E D E T E R I I I N A T I O N OF SULFUR DIOXIDE I N GEI..ITIS
 
 L i p p a v a t u s Reqziiued.-Fig. I shows t h e apparatus a n d its arrangement in detail. TTO units are represented, providing for t w o determinations which can
 
 Variation from steam distillation
 
 +0 , 0 0 3 4
 
 + O ,0017
 
 -0.0025 -0.000 1 +0.0019 +0.0010
 
 -0,0009 +0.0012 1-0.0017 + 0 ,001i +0.0014
 
 -0.0009 + o . 0002 t0.0010 -0,0013 -f0.001 5 -0.0002 +0.0010 + 0 . 0004
 
 FIG. I
 
 be conducted a t t h e same time. A Woulff bottle having tw-o necks a n d a n outlet a t t h e bottom, fitted with a cylindrical open t o p , glass stoppered, long stem funnel, is used for generating t h e COS. T h e outlet t u b e a t t h e b o t t o m of t h e lTToulff bottles is connected t o a long t u b e leading t o a reservoir for receiving t h e spent acid which is drawn off b y opening t h e pinchcocks as required. The aforementioned
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 tilled water added, together with a piece of phosphoric acid. The flask is t h e n connected t o t h e apparatus a n d the air is displaced by COZ generated by allowing t h e dilute H C l t o fall upon t h e marble. The r a t e of flow of COz is easily regulated by adjusting t h e flow of acid. When t h e air has been displaced, t h e gelatin is liquefied by immersing t h e flask in boiling water contained i n a sauce p a n , a n d t h e water is kept boiling until t h e gelatin is completely dissolved. Solution of t h e gelatin is facilitated by frequently agitating t h e flask b y me?ns of a rotary motion. When t h e gelatin is completely dissolved, t h e boiling water b a t h is removed, t h e flask dried a n d heat applied directly with a Bunsen burner. A current of C o n is allowed t o flow through t h e apparatus until t h e distillation is completed. When 2 0 0 cc. of distillate have been collected, t h e apparatus is disconnected, t h e receiver lowered a n d t h e condenser rinsed with a little hot distilled water. After adding 5 cc. of concentrated HC1 t o t h e distillate, it is concentrated by boiling t o approximately 7 5 cc., using a Bunsen burner. T h e solution is t h e n filtered into a clean “beaker-flask,” t h e filter a n d receiver being thoroughly washed with hot distilled water. The filtered solution is then heated t o boiling a n d I O cc. of BaClz solution slowly added, stirring continuously. The flask is lightly stoppered with a clean cork a n d allowed t o s t a n d over night o n a steam bath. On t h e following morning t h e solution is decanted through a 9 cm. blue ribbon ashless filter paper, t h e precipitate then washed onto t h e filter a n d completely removed from t h e flask with t h e aid of a rubber tipped rod bent in a n angle so as t o reach t h e sides of t h e flask. The filter is then washed with hot distilled water until t h e washings are free from chlorides. The filtrate should be perfectly clear and it is advisable t o allow t h e solution t o s t a n d on a steam b a t h for about one hour, when by giving t h e solution a rotary motion, even traces of precipitate will collect in t h e center of t h e flask. If no precipitate appears, t h e B a s 0 4 obtained in t h e first filtration is ready for ignition; otherwise t h e solution must be refiltered. T h e filter paper, containing t h e BaS04, is removed from t h e funnel, a t t h e same time wiping off a n y trace of precipitate which may have crept over t h e paper, a n d i t is then placed in a weighed platinum crucible. The paper is ashed, t h e crucible allowed t o cool a n d t h e precipitate treated with a drop of pure concent r a t e d HzS04 in order t o convert any barium sulfide, which may have been formed by reduction, t o BaSO4. After expelling t h e excess of HzS04, t h e crucible is heated t o a bright red for five minutes, cooled in a desiccator a n d weighed. The treatment with H2S04 is repeated until a constant weight is obtained. T h e Determination.--Twenty-five cubic centimeters of blank obtained on the reagents is deducted from this iodine solution are measured into t h e receiving flask weight a n d t h e difference gives t h e percentage of SOZ a n d t h e flask is connected t o t h e condenser so t h a t t h e in t h e sample. e n d of t h e condenser reaches below t h e surface of t h e NoTE.-z7.5 grams of the sample are used, since the weight solution. of Bas04 obtained directly gives the percentage of SO1 without Twenty-seven a n d one-half grams of gelatin are further calculation. It is not necessary t o weigh this sample weighed into t h e distilling flask a n d 300 cc. of dis- closer than to 0.1gram.
 
 Woulff bottle is connected t o a smaller one provided with two necks, this bottle serving t o wash t h e COz. T h e wash bottle is connected t o t h e distilling flask, consisting of a long neck Kjeldahl flask of 500 cc. capacity, by means of a glass t u b e reaching t o within inch of t h e bottom of t h e flask. The distilling flask is connected t o t h e condenser through a Hopkins bulb. T h e glass tubes a t t h e rubber connection are brought closely together a n d t h e t u b e leading into t h e condenser is extended so as t o lead directly into t h e worm of t h e condenser. A special condenser was designed for this purpose, consisting of a n eight-inch worm condenser provided with an exit t u b e 4 inches in length a n d 3 / * inch internal diameter, so as t o give a sufficient length of t u b e without requiring additional connections, T h e inlet t u b e of t h e condenser is 2 l / 2 inches in length a n d 3/4 inch internal diameter, and permits of convenient connection with t h e distilling bulb by means of a rubber stopper. A special receiving flask was designed, t o serve also as a flask f o r concentrating t h e distillate a n d for precipitation of t h e HzS04. T h e main advantages of this “beaker-flask” have been discussed under V, b u t i t is also efficient in avoiding contamination with sulfurous gases while t h e distillate is being collected a n d does not require transferring of t h e distillate t o another receptacle for concentration. The flask is connected t o t h e condenser by means of a paraffined flat cork having a small angular slit in t h e side t o allow for t h e escape of t h e carbon dioxide. T h e “beaker-flask” has a capacity of 400 cc. a n d is 4 inches high. It is provided with a lipped neck s/4 inch high a n d 3/4 inch in diameter. Ordinary white marble broken Reagents Required.-1. into pieces small enough t o pass through t h e neck of t h e Woulff bottle. 2. HC1 for generating t h e C02. Chemically pure concentrated HCl is diluted with a n equal volume of water. Commercial HC1 must not be used, owing t o t h e presence of excessive amounts of free chlorine. 3. Phosphoric acid. Glacial phosphoric acid in sticks is broken into pieces weighing approximately 5 grams each. 4. Iodine solution. A N/20 solution. 5 . HC1 for acidifying t h e distillate. Chemically pure concentrated HC1. 6. BaClZ. An approximately N/5 solution, which should be perfectly clear and free from sediment. 7 . Recently boiled a n d cooled distilled water. NOTE.-Duplicate blank determinations are conducted on , the reagents using the same amounts as in an actual analysis of gelatin. A label bearing the result of this standardization is placed on the iodine bottle and a corresponding correction is made in every determination. Two liters of iodine solution and a corresponding amount of the other reagents, except the distilled water, are set aside at one time for a series of analyses.
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 Alexander,l in a paper on ,.he determination of sulfur dioxide in gelatin, considered it likely that of ,.he organic sulfur in the gelatin is carried over, i n t h e f o r m of volatil sulfur compounds, when distilled with phosphoric acid in a current of cos. He also considered it probable that the time and intensity of heating and the concentration of the solution influenced t h e q u a n t i t y which appeared in t h e distillate. has already been discussed in part in This subject connection with steam distillation a n d direct distillation, b u t t h e following experiments have a more direct bearing on t h e effect of time a n d intensity of heating: I. 27.5 grams of gelatin were dissolved in 300 CC. of water and heated in an autoclave a t zo lbs. pressure for 30 minutes. After the addition of phosphoric acid the flask was connected to the distillation apparatus and the amount of SO2 determined in the usual manner. The result of this determination, expressed in per cent by weight of the original gelatin, was 0.0007 against 0.0013 in the original sample, thus showing a loss of SOz. z . Same as Experiment I , except that the solution was heated for one hour in the autoclave a t zo lbs. pressure. The amount of SO2 found was o.oooz per cent, showing a still greater loss of
 
 liberation of volatil sulfur compounds which are oxidized t o by iodine. T h e fact t h a t 16 samples, out of over 1000 samples, were found t o contain absolutely no SO2 is convincing evidence t h a t dissociation of t h e natural sulfur in gelatin, with liberation of volatil sulfur compounds Oxidizable to HZS04 by iodine, does not Occur under t h e conditions observed in t h e determination of S O P . It is interesting t o note t h a t t h e only sulfur-containing dissociation-product obtained so far from gelatin' by Harbaczewski,' is H2S* Even if this were liberated under t h e analytical conditions, it would not be oxidized t o H 2 S 0 4 by t h e iodine solution. II--SIGNIFICANCE O F SULFUR DIOXIDE IN FOR BACTERIOLOGICAL P U R P O S E S
 
 Distillate I Distillate I1 Distillate I11
 
 = 0.001470 = o.00017, = o,oooo~o
 
 This experiment shows that prolonged heating in the presence Of phosphoric acid, with t h e resultant increase in concentration a n d acidity, does not cause a dissociation of t h e organic sulfur of t h e gelatin with 1
 
 J . A m . Chem. Soc.. 29, 783.
 
 GELATIN
 
 T h e f a c t t h a t t h e heating of a solution of gelatin under pressure results in a loss of SOZ is of interest in connection with t h e preparation of nutrient media f o r bacteriological work. A sample of sheet gelatin which contained o. I Io8 per cent of soz was used to prepare a quantity of nutrient media. T~~~~~ t u b e s of t h e preparation, containing in all 26.04 grams of t h e original gelatin, were analyzed for SOt with the Calculated from original SOr content of
 
 soz.
 
 3. Same as Experiment I, except that the solution was heated for two hours in the autoclave a t zo lbs. pressure. In this experiment 0.0003 per cent of SOZ was obtained, practically the same amount as found in Experiment 2. It is evident from these experiments t h a t t h e heating of t h e gelatin solution in a n unstoppered flask in t h e autoclave resulted i n a loss of SOz. As t h e t i m e of heating was increased, t h e gelatin lost considerably in gelatinizing power a n d deposited a grayish coagulum. T h e sample of gelatin selected for this experiment contained a n exceptionally small a m o u n t of SOz, t h e object being t o determine whether t h e heating, i n t h e absence of phosphoric acid, caused a cleavage of t h e gelatin which would render it more susceptible t o a t t a c k a n d possible liberation of volatil sulfur compounds on distillation with phosphoric acid. 4. A four& experiment was conducted in which 27,5 grams of the same gelatin used in the previous experiments was placed in the distilling flask of the apparatus (Fig. I), 300 cc. of water added, acidified with phosphoric acid and distilled in the usual manner, collecting 200 cc. of distillate in iodine. By means of a separatory funnel, attached to the distilling flask, zoo cc. of &ater were added to the residue in the distilling flask, thus replacing the volume of water collected in the distillate: zoo cc. of distillate were again collected in a receiver containing a fresh supply of iodine. This operation was repeated once more, three successive distillates being collected. The amount of soz found in each distillate, expressed in per cent by weight of the original gelatin, was as follows:
 
 985
 
 SO2 in nutrient media..
 
 Found Per cent 0.0009
 
 gelatine Per cent 0.0133
 
 . . .. . . . . . . .
 
 T h e loss in SOP which resulted in t h e process of preparation was, therefore, 93 per cent of t h e original content of SOz. Another preparation f r o m t h e same gelatin contained 0.0006 per cent of SOZ which corresponds t o a loss of 95 per cent. Leffmann a n d LaWal12 have reported t h e SOz content of two samples of imported gelatin, used largely for bacteriological work, as 2 6 s a n d 835 p a r t s per million a n d believe t h a t such gelatin is unsuitable for culture medium. T h e y suggest t h a t bacteriologists establish a strict s t a n d a r d f o r gelatin. T h e above results on a culture medium prepared f r o m a gelatin containing 1108 p a r t s of SOz per million, indicate t h a t this precaution is unnecessary a n d also account f o r t h e f a c t t h a t bacteriologists have not experienced difficulty when employing media prepared with such gelatin. III-oCCURRENCE
 
 OF
 
 SULFUR
 
 DIOXIDE
 
 IN
 
 GELATIN
 
 PREPARED FROM RAW MATERIALS F R E E FROM SULFUR DIOXIDE
 
 A number of experiments were conducted in which two samples of gelatin were prepared in t h e laboratory., T h e bones used for this work were obtained from a calf which was killed in t h e laboratory in connection with another investigation, so t h a t there was no question as t o t h e origin of t h e raw material. T h e bones were carefully freed from adhering meat, chopped into small pieces, thoroughly washed, a n d 3 1 3 3 grams were t h e n digested for three days with four times their weight of HC1 (sp, gr. 1.1j). T h e material was t h e n washed free f r o m acid, covered with a saturated solution of calcium hydrate and allowed to stand f o r three 2
 
 Gustav-Mann, A n a l y s t , 36, 271.
 
 of the Proteids,,,
 
 p, 562,
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 days. T h e material was then thoroughly washed and pressed t o remove a s much water as possible. T h e resulting wet “stock” weighed 1589 grams a n d this was divided in three portions for the following experiments : I . The wet “stock” was dried in a current of air and when air-dry it weighed 2 2 8 grams, thus showing 5 7 per cent of water lost from the original to the air-dry condition. A determination of SO2 on this air-dry material gave 0.0006 per cent. 2 . The wet “stock” was digested with three times its weight of water for 30 minutes in an autoclave at z z lbs. pressure, which
 
 gave a transparent solution. This was poured into a glass tray in which it gelatinized on cooling. This jelly was superficially dried in a current of air from an electric fan and then removed to a wire netting to complete the drying. The entire drying was conducted in a room separated from the main laboratory so as t o avoid unusual Contamination with sulfurous gases. An analysis of the air-dried product gave 0.0189 per cent of
 
 so2.
 
 3 . This portion was digested with the same amount of water, as in the case of Experiment 2 , for 5 hours under reduced pressure, but solution took place so slowly that i t was necessary to place the mixture in an autoclave. After 5 0 minutes’ heating a t 19 to 22 lbs. pressure, the solution was poured into a tray and then dried as in the case of Experiment 2 . An analysis of this product gave o . o r g g per cent of SO*.
 
 These experiments show t h a t the SO2 could only have been absorbed from t h e air passed over t h e jelly during t h e drying. The dry “stock” contained b u t
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 12
 
 traces of SO2 which in all probability was also absorbed i n the drying. Gas burners were used occasionally i n t h e room where t h e drying process was carried out a n d this undoubtedly augmented t h e SO2 content. Both products were free from odors of decomposition, so t h a t bacterial influences were not responsible for t h e rather high SOz content. SULFUR DIOXIDE CONTEST O F COMMERCIAL GELATIN
 
 A large number of samples of commercial gelatin obtained from various sources have been examined
 
 in this laboratory. These products include domestic a n d foreign gelatins and represent the materials produced b y more t h a n twenty different manufacturers. F r o m 1907 t o 1 9 1 2 inclusive, 1060 samples were examined. h tabulation of the individual analyses would be unnecessarily burdensome a n d , therefore, the results have been arranged in groups, expressing
 
 t h e SOz content in parts per million a n d giving t h e percentage of samples found within various limits during t h e years 1907 t o 1 9 1 2 inclusive. Table I V gives t h e percentage of samples within these limits a n d Table V gives the same results tabulated in four groups so a s t o show t h e total percentage of samples occurring within the limits given for t h e different groups. In Charts I t o I V t h e d a t a contained in Table V are represented graphically.
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 TABLE IV
 
 so2
 
 Percentage of samples
 
 P a r t s per million
 
 I
 
 1907
 
 1908
 
 1912
 
 0.00
 
 7.45 11.70 7.45 9.56 7.45 5.85 2.66 2.66 2.12 3.72 5.32 4.25
 
 20.22
 
 1909 1911 1910 1'0.45 17.46 7.45 100.78 9.09 7.84 26.35 20.0.00 5.23 22,85 10.64 300.00 10.47 11.11 9.50 40- 50 3.15 7.84 4.76 9.56 50- 60 3.93 3.1; 7.84 5.32 60- 70 3.93 0.95 6.92 2 62 70- 80 2.36 7.19 0.63 5.32 80- 90 3.93 4.57 0.63 2.12 90- 100 1.57 1.95 0.63 1.60 loo-- 150 1 0 . 2 3 3.90 0,63 11.17 150- 200 9.45 0.31 5.23 3.i2 200.- 250 4.72 2.62 1.26 3.20 4.iX 250- 300 6.30 2.62 2.22 1.60 0.53 300- 350 5.51 0.95 1.06 1.06 1.95 350- 400 2.36 1.95 1.26 0.00 0.53 400- 450 3.15 0.00 1.58 1.60 1.06 450- 500 3.15 0.95 0.00 0.65 2.66 500- 600 3.15 2.62 0.63 2.12 1.611 600- 700 6.30 1.31 0.63 1.60 3.i2 0.31 700- 800 3.93 0.53 1.06 1.31 0.00 800- 900 3.93 0.65 1.06 2.66 9oo-inoo I .5i 0.00 1.60 0.00 1.31 0.31 100C-1500 11.81 3.26 3.i2 3.20 1500-2000 2.36 2.66 n 53 0.63 0.65 2000-2500 0 . 78 1.06 0.00 0.00 0.65 1.31 2500-3000 0.i 8 0.53 1 .60 0.31 3000-3500 0.78 0.65 0.00 0.53 0.00 0.52 0.00 3500-4000 0.00 0.00 0.00 Above 4000 0.00 0.00 0 . 6 5( a ) 0 . 0 0 0.00 ( a ) Contained 0 . i 4 1 0 per cent, or 7410 parts per million. 0-
 
 10 20 30 40
 
 7.86 4.49 4.49 0.00 1.12 4.49 2.24 1.12 2.24 15.73 14.60 3.36 3.36 2.24 0.00 2.24 1.12 1.12 2.24 0.00 1.12 1.12 3.36 0.00 0.00 0.00 0.00 0.00 0.00
 
 TABLEV
 
 SO'
 
 Percentage of samples
 
 Parts per million 010 0- 20 0- 30 0- 40 0- 50 0- 60 0- io 0- 80 0- 90 0- 100 loo- 150 100- 200 100- 250 100- 300 100- 350 100- 400 100- 450 ion- 500 500- 600 500- 700 500- 800 500- 900 500-1 000 1000-1500 1000-2000 1000-2500 inon-3ono inno-35on 1000-4000 IOOc-4OOO
 
 +
 
 1907
 
 1908
 
 1909
 
 1910
 
 1911
 
 1912
 
 0.00 0.78 0.i8 0.i8 3.93 7.86 11.79 14.15 18.08 19.65 10.23 19.68 24.40 30.70 36.21 38.57 41.72 44.87 3.15 9.45 13.38 17.31 18.88 11.81 14.17 14.95 15.73 16.51 16.51 16.51
 
 i.45 19,15 26.60 36.16 43.61 49.46 52.12 54.78 5 6 , YO 60,62 5.32 9.57 14.35 15.95 li.01 ii.ni 18.61 18.61 2.12 5.84 6.90 9.56 11.16 3.72 6.38 i.44 9.04 9.04 9.57 9.57
 
 10.45 18.29 23.52 34.63 42.47 50.31 52.93 60.12 64.69 66.64 3.90 9.13 11.75 14.37 16,32 18.2i 18.27 18.92 2.62 3.93 5.24 5.89 i.20 3.26 3 .9 1 4.56
 
 7.45 16.54 27.18 35.62 45.19 50.51 57.43 62.75 64.87 66,47 11.17 14.89 18.09 18.62 19.68 20.21 21.27 23.93 1.60 3.20 3.i.3 4.i9 4.79 3.20 3 , 73 3 . 73 4.26 4.79 4.79 4.79
 
 17.46 43.81 66.66 7:. 13 81.89 85.06 86.01 86,64 87,24 87.90 0.63 0.94 2.20 4.42 5.37 6.63 8.21 9.16 0.63 1.26 1.5i 1. S i 1.57 0.31 0.94 0.94 1.25 1.25 1.25 1.25
 
 20.22 28,08 32.57 37.06 37.06 38.18 42.67 44.91 46.03 48.2i 15.73 30.33 33.69 3i.05 39.29 39.29 41.53 42.65 1.12 3.36 3.36 4 .48 5.60 3.36 3.36 3.36 3.36 3.36 3.36 3.36
 
 5.87 6.52 6.52 7,li
 
 The results show t h a t t h e 1907 samples contained t h e largest a m o u n t of SOz, only 19.6j per cent of t h e samples containing less t h a n IOO p a r t s per million a n d 3 j . 3 9 per cent above 500 parts per million. T h e 1908 samples show 60.62 per cent of t h e samples below IOO parts per million a n d 2 0 . ~ 3 per cent above j o o p a r t s per million. T h e 1909 a n d 1910 samples are quite similar throughout. I n 1911 t h e analyses show 87.90 per cent of t h e samples with less t h a n I O O p a r t s per million a n d only 2 . j j per cent above j o o p a r t s
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 per million. T h e 1912 samples contained more SO2 t h a n t h e 1911 samples, this being due t o t h e fact t h a t a large number of t h e 1912 samples, 42.6j per cent, contained from I O O t o 500 parts per million. Comparatively few samples contained less t h a n I O parts per million. A number of t h e samples containing less t h a n I O p a r t s per million were found t o contain hydrogen peroxide evidently added t o destroy
 
 so,.
 
 I n this connection, t h e results obtained on t h e two samples of gelatin prepared in the laboratory are significant. These samples contained 189 a n d 199 parts per milion of SO?, respectively, whereas t h e air-dried "stock" from which t h e y were prepared contained only 6 parts per million. Two more samples of gelatin prepared in t h e laboratory from fresh calf bones, purchased in a butcher shop, contained 2 3 a n d 78 parts per million. I n this case t h e jelly was also dried on glass plates in a current of air from a n electric fan. It is, therefore, not surprising t h a t even excessive amounts of S O z m a y b e found in gelatin prepared from selected stock. I n t h e manufacture of gelatin, t h e t h i n gelatin solutions are concentrated t o t h e desired consistency so t h a t gelatinization will t a k e place on cooling. T h e jelly is t h e n sliced a n d dried in a continuous current of a.ir a t 8 j t o 9 j o F. If t h e factory is situated in a manufacturing district, where much coal is burned, i t is t o be expected t h a t t h e SOz absorbed b y t h e gelatin would be greater t h a n in t h e case of gelatin manufactured in outlying districts. Naturally, t h e selection of t h e stock is also import a n t , since it m a y contain considerable amounts of S O z . Thirty-six samples of stock examined in 1908, 1909 a n d 1910 gave t h e following results: Sulfur dioxide P a r t s per million Maximum. . , . . . . . . . . 1695 Minimum., . . . . . . . . . . . 9 ~
 
 Average . . . , . . . .
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 I n conclusion, I wish t o acknowledge m y indebtedness t o m y assistant, hlr. E. S. Liebscher, for his painstaking work in carrying out a considerable p a r t of t h e analyses and experiments. LEDERLE LABORATORIES 39-41 WSST 3 8 T ~STREET NEW Y O R K
 
 EXPERIMENTAL DATA ON THE DETERMINATION OF SACCHARIN IN FOODS WITH A MODIFICATION OF SCHMIDT'S METHODS By HALSEYDURAND Received October 13, 1913
 
 A recent ruling of t h e Board of Health of t h e Dep a r t m e n t of Health of S e w York City prohibited t h e use of saccharin in foods a n d drinks (see Section 68, Sanitary Code). The enforcement of this law required t h e examination of a large number of samples of various foodstuffs a n d soft drinks in which violations were expected. A method for t h e detection of saccharin w a s sought which could be done positively and with as much speed as possible. A review of t h e literature gave five methods, as follows:
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