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Colorimetric Determination of Sulfur Dioxide W . IIORTOS G R O T , Hotce Laboratory of Ophthalmology, Harcard Medical School, Boston,
 
 Ifass.
 
 The test based on a chromogenic reaction of sulfur dioxide with fuchsin and formaldehyde in acid has been adapted to quantitative colorimetric determination of 0 to 10 micrograms of sulfur dioxide in 1 ml. of solution with a n error of less than 0.1 microgram for pure solutions. AIethods have been devised for direct application to alkaline extracts of animal tissues, including blood, emploJing mercuric chloride to remove sulfhydryl interference. For determination i n fruit, preliminary distillation is used to remote interfering substance-.
 
 T
 
 measured n i t h a Cenco Photelonieter using its given filter and set,tiny the galvanometer a t 100 with the blank mixture. The color-concentration relationship follows Beer's la\v over most of the range of 0 to 10 micrograms.
 
 111- seneit ive color reaction for iulfurouh acid described hy Stcigniann (3)can be utilized for the quantitative determiiiation of this substance in concentrations of 0 t o 10 micrograms per milliliter of solution or of a11 alkaline extract or distillate of certain biological materials. I n comparison 11-ith t h e methods which are commonl? employed, involving distillation follox-ed by iodometric, titration, the present method of anal tages in simplicity and sensitivity. The reaction desrrihed hg Yteigni:inn conyists oi the production of a red color by the action of sulfur dioxide on fuchsin in the presence of formaldehyde and a strong mineral acid. The reaction is relatively insensitive to aldehydes other than formaldehyde. It was pointed out by Steigmann that, although a similar color is produced by sulfhydryl compounds and thiosulfate, t h e test could be made specific for sulfur dioxide by preliminary removal of interfering substances by treatment with mer(-uricchloride. I t has been ascertained that treatment n-ith mercuric chloride reduces t o a reasonably low value the hlank for several biological niaterials of animal origin. The natural coloring of fruits and vegetahles is not removed by this treatment. Conditions suitable for quantitative measurement of sulfur dioxide hy means of Steigmnnn's color reaction have been determined and appropriate methods of application have been devised for determination of sulfur dioxide in different types of animal tissue, exemplified by cornea, conjunctiva, aqueous humor, and blood. For the oculai, t i s u e s mentioned, ivhich n-ere studied in an investigation of injuries from sulfur dioside, it \vas found possible to apply the color reaction directly to a mercuric chloride-treated extract. For lilood, ivhich is also of toxicological interest, a modification of the procedure used on ocular tissues permitted removal of the large amount of soluble protein present and direct application of the color reaction. Determination of sulfur dioxide in fruit, ivhicli may be of use in the study of the sulfite treatment of foodstuffs, was not practical by a direct metliod, but could be accomplished by employing a distillation proredure.
 
 PROCEDURES
 
 For analysis of simple aqueous solutions containing no protein or colored substances, such as samples obtained by absorption of sulfur dioxide in alkaline solution in air analysis, the same procedure is applied as for the standards in colorimeter calibration, using samples suitably diluted t o contain 0 to 10 micrograms of sulfur dioxide per ml. When sulfhydryl compounds or thiosulfates are present, the sample is mixed u-ith an equal volume of saturated mercuric chloride and cent'rifuged before mixing with the color reagent. Comparison is made with standards containing an equal concentration of mercuric chloride. For biological samples the folkwing procedures may be ueed. Animal Tissues with Little Soluble Protein. Materials such as cornea, conjunctiva, or aqueous humor are treated with a solution of lY0 potassium hydroxide in lOy0 alcohol which has been recommended for extraction of sulfur dioxide from sulfited food products (3). Approximately 1 ml. of this extractant is used per 20 mg. of cornea or conjuctiva or per 0.15 ml. of aqueous humor. It was found t h a t a single extraction consisting of soaking solid tissue in the extractant for 10 minutes with occasional stirring removed over 957, of the total sulfur dioxide extractable by two successive treatments. After the ext,raction period, the misture js made neutral Lvith respect t o phenolphthalein by t,itration with 1 12'hydrochloric or acetic acid, and 1 ml. of saturated mercuric chloride is added per milliliter of extractant'. Precipitation of proteins is hastened by centrifuging for 2 to 3 minutes and 1ml. of the supernatant or of an appropriate dilution of supernatant is mixed with 4 ml. of color reagent and after 5 minutes is compared colorimetrically Tvith standards containing an equivalent concentration of mercuric chloride. Blood. T o 0.15 ml. of blood are added 0.5 ml. of 1 5 alcoholic potassium hydroside and 2.35 ml. of water. Then, wit'hout neutralization, the solution is mixed with 1 ml. of sat,urat,edniercuric chloride sclution and centrifuged. One milliliter of the supernat,ant, or of an appropriate dilution thereof, is mixed ITith 4 ml. of color reagent and t,he color is measured in the usual n-ay. Fruit. hpproximately 250 nig. of fruit are macerated with 3 ml. of lCppotassium hydroxide in 10% alcohol. A 2-nil. aliquot is placed in the side bulb of a vacuum distillation apparatus previously described (1) and a sodium hydroside pellet of roughly 50 mg. is placed in the condenser portion. The material in the bulh is frozen by immersion in a dry ice-acetone mixture and approsimately 0.05 ml. of concentrated sulfuric acid is added to it. The apparatus is evacuated, sealed, and then allowed to warm t o room temperahre t o permit the fruit extract to melt and react' with the sulfuric acid. This mixture in t8heside bulb is then refrozen to prevent bumping before immersing the condenser portion of the apparatus in dry ice mixture for distillat,ion. The volatile const,ituents are allowed t o distill without heating. When distillation is complete, the distillate is allowed t o melt and dissolve the sodium hydroxide pellet, but air is not, admitted for 30 minutes in order to absorb remnants of sulfur dioxide still in the gas phase. The distillate is analyzed by the procedure described for sulfur dioxide solutions without inkrfering substances.
 
 ,
 
 REAGENTS AND ST.ANDARDS
 
 Color reagent is prepared by diluting 1 1 ml. of Concentrated sulfuric acid with 23-1 nil. of water and adding 4 ml. of a 3% solution of fuchsin (basic indicator, Sational Aniline and Chemical C0.j in alcohol. One milliliter of 40';; formaldehyde solution is then added to give a faint pink color to the brownish solution. ,4 fine dark sediment appears in the course of several hours, but this has little effect on the sensitivity of t,he supernatant reagent. This reagent was prepared daily with little variation in color production. Standard sulfur dioxide solution is made from iodometrically standardized water solutions of sulfur dioxide gas or of solid sodium bisulfite (Coleman and Bell Co.), With titrimetrically equivalent, solutions no difference in color production was observed and t,he bisulfite standard is preferred on the basis of convenience. X o variation in the composition of the solid bisulfite was observed during several weeks. Colorimeter calibration is performed by mixing 4 ml. of color reagent with 1 ml. of each of a series of dilutions of standard sulfur dioxide solution as \vel1 as n-ith 1 ml. of water for a blank. K h e n mercuric chloride is to be used t o remove interfering substances, as in t,he biological applications described below, a n equal concentration of mercuric chloride is included in the standard solutions. .Ifter 5 minutes a t room temperature the colors are
 
 EXPERIMEhTAL
 
 The coniposition of the color reagent and the concentration of mercuric chloride used in the procedures outlined were determined
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 ANALYTICAL CHEMISTRY
 
 346 Table I.
 
 Determination of Sulfur Dioxide
 
 Sample Cornea, cattle, 40 mg.
 
 Added 0 20 40 Conjunctiva, cattle, 40 mg. 0 15 40 Aqueous humor, cattle, 0 . 3 ml. 0 20 Blood, rabbit, 0.15 ml. 0 5 10 20 40
 
 Sulfur Dioxide, Micrograms Average Found recovery 0.4,2.4,3.0 ... 25.8 23.4 42.2,43.5,48.0 42.6 3.5, 1.7 ... 18 15.4 40 37.4 0,O.l , . . 19:8 19.8 1, 1 ... 5.6,5.2 4.4 9.8, 11.8 9.8 17.4 16 4 38.4 37 4
 
 I
 
 -++ool
 
 The manner of separation of sulfur dioxide and i n t e r f e h g substances from animal tissues appears to be determined by the relationship of the p H to fixation of sulfur dioxide by proteins and binding of sulfhydryls by mercury. It was found that when a considerable amount of soluble protein is present, as in blood, it, is necessary to effect precipitation of the protein in an alkaline medium in order to prevent excessive binding of sulfur dioxide by the protein. T h e n various methods of acid precipitation were tried, recoveries averaged only 50 to 60% of the sulfur dioxide added. Alkaline or neutral solution also favors reaction of sulfhydryls with mercury, but excessive alkalinity must be avoided in order t o prevent precipitation of mercuric oxide. The supernatant must be perfectly clear after mercuric chloride treatment before mixing with the color reagent. The influence of addition to the chromogenic reaction mixture of small amounts of alkali, such as might be present in experimental sulfite samples, was determined by measuring color production by samples containing 3 micrograms of sulfur dioxide and 0 t o 0.25 M potassium hydroxide. KO significant differences were found. It has been found advisable to minimize the time between t h e addition of mercuric chloride and color reagent, since there is progressive loss of sulfur dioxtde a t the rate of approximately 1% per minute when .5 micrograms are originally present. Similarly, a constant time of reaction of the color reagent x i t h the sulfur dioxide was employed, for mixtures which stood 1.5 minutes insteQd of 5 showed a decrease of 6% in apparent concentration. RESULTS
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 Ml. of Saturated Mercuric Chloride
 
 Figure 1. Colorimeter Values of 5 311. Color Reaction Rlixtures 0 (upper curve) or 5 (lower curve) micrograms of sulfur dioxide and varying quantities of saturated mercuric chloride solution
 
 experimentally to be approximately optimal for the applications described. While a considerable increase in sensitivity of the color reaction is obtainable in the absence of mercuric chloride by using as little as 0.5 ml. of color reagent with 3.5 ml. of sulfur dioxide solution, the color format,ion in this dilute mixture is seriously reduced by addition of mercuric chloride. B t the concentration of color reagent recommended above, the color production is less seriously affected by this addition and shows little variation tvith change in the amount of mercuric chloride present in the range employed in the analysis of biological materials. Such independence of small changes in mercuric chloride concentration is desirable because of the indefinite proportion lost by precipitation with proteins. The effect of variation of mercuric chloride concentration on color production was determined by comparing the transmission of color reaction mixtures of the usual 4 ml. of color reagent with 1-ml. aqueous samples which containtd either 0 or 5 micrograms of sulfur dioxide and from 0 to 0.5 ml. of saturated mercuric chloride solution. The results are shown in Figure 1, where t,he transmission of these mixtures is compared with that of the blank without sulfur dioxide or mercuric chloride. The efficiency of removal of sulfhydryl interference by mercuric chloride treatment \!-as determined by analysis of samples containing 0,2,4, 6, and 8 micrograms of sulfur dioxide per ml. of 0.01 M cysteine hydrochloride solution. These samples were neutralized, immediately mixed with an equal volume of Eaturated mercuric chloride solution, and centrifuged. Analysis of the supernatant fluid by reaction with the color reagent gave values which were all in agreement within 0.1 microgram of the standard values determined in the usual way.
 
 ,
 
 Determination of sulfur dioxide in pure solution was found to lie accurate to within 0.1 microgram in the range of 0 t o 10 micrograms per ml. and similar accuracy has already been noted for solutions of sulfur dioxide in 0.01 M cysteine when assessing the effectiveness of mercuric chloride in removing interference by this sulfhydryl compound. Determination of sulfur dioxide added in known amounts to cornea, conjunctiva, aqueous humor, blood, and peach were also carried out, using the procedures described. The sulfur dioxide was added to an alkaline suspension in the case of the peach. The results of these nieasurement>son biological materials are given in Table I. DISCUSSION
 
 Comparison of the results obtained in determining sulfur dioxide in pure solution or in cysteine solution with the results for determinations on protein-containing samples shows a difference in the efficiency of removal of interfering substances and in the constancy of recovery of sulfur dioxide. It appears that mercuric rhloride treatment is not so completely effective in removing interference from animal tissues as in removing a simple sulfhydryl compound. The source of the small amount of color in the blanks of the tissues tested is uncertain, but it seems unlikely that it represents any naturally occurring sulfur dioxide. It appears that, adequate separation of sulfur dioxide from interfering substances of peach is obtained by the distillation procedure which was employed. However, determinations on peach attempted a t lower concentrations of sulfur dioxide than shown in the table gave progressively poorer recoveries as the concentration was decreased, although control distillations of sulfur dioxide in water did not give comparably diminishing returns. Thus the procedure described for fruit, while simple and specific, is not comparable in sensitivity x-ith the methods given for animal tissues. ACKNOW LEDGM EXT
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