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Introduction 

Beet sugar technologists normally emp loy sulfur dioxide to co n­
tro l co lor fo rmation in process juices. Sulfitation also reduces alkal inity 
and improves the boilin g pro perties of the th in juice. Sulfur d ioxide 
when added to thin juice reacts with the excess alkali a nd produces 
sulfite io n. The latter is easi ly ox idized by oxyge n of the air to sul fate. 
rhus, it becomes des irab le to determine the amount o f sulfi te remain­
ing in the thin juice after sulfitation . Quantitation of sulfite is ascer­
tained by direct titration either with iodine or with potassium iodate 
sol urion usi ng starch as an ind icaLor . I n ma ny insta nces factory <l na lysts 
have expe rienced an abnorm<l l end point and, on occasion, sample 
so luti ons have turned dark blue on ad d ition of de Konich starch solu­
tion or potassium iodide. Subsequent inves tigation showed that this 
phenomenon was caused by the presence of nitrite ion in th e process 

.JuIces. 
T his paper presents a n indirec t titration procedure \Iith potas­

sium ioda te for th e determination of su lfite in the prese nce of nitrite. 
The p roposed method includes reaction of nitrite with hydraz ine 
sulfate, addition of sample to excess iodine, ane! back titration with 
sodium thiosulfate so lution. 

Experimental Procedure 

Reagents 

All chemicals used a re of reagent grade. 
Sta ndard Potassium Iodate Solution , 0.0200 N. Di ssolve 0.7133 

g of dry, primary sundard grade, KI03 with deionized water 
and dilute to on e li ter. 

Sodium Thiosulfate Solution, 0.02 1\j. Dissolve 5 g of NazS203· 5 
H 20 plus 0.1 g of 1\I a2C03 with one liter of freshly boiled and 
cooled distill ed water. Allow the so luti on to stand ror a day 
before sta ndardiz ing. 

Starch Indicator So lutio n , O.2 %(W/y). 

Determination of Sulfite in Proass Ju zce Containing Nitrite 

Transfer about 200 ml ofcooled processjuice into a 250-ml Erlen­
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meyer flask. Wh il e the sample is be ing stirred, ad d 0.2 g of 
NzH4'H2S04 and fo llow by 1 ml of concentrated HC\. 

Pipet 10 ml of 0.0200 N KI03 solution into a 250-m l Erlenmeyer 
fl ask. Add 20 ml o f di sti ll ed ,vate r , 1 g of KI and 10 ml of 6N 
HC\. With consta n t stirring, pipet 50 ml o f the hyd raz in e-treated 
sampl e in to th e fla sk . Q ui ck ly t it r ate with sodium t hiosulfa te 
so lu t ion u nti l t he b r ow n colo r of th e iod ine tu rns to yello w. 
Add 2 ml o f sta rc h ind icato r so lut ion and titra te to t h e di s­
appearance o f the blue colo r. 

T he sodium th iosulfate solution is standard ized with KI03 solu­
tion u sin g t h e afore m e n tio ne d p roced u r e by r e pl aci ng the 
~ample with 50 ml o f di still ed water. 

Discussion 

I nteljermce of Nitrite 

Fresh sugarbee ts usua ll y co ntai n no measu rable a mou nts of ni tr ite. 
T h e p resence of n itrite in t hi n j uice is a tt r ibu ted to ba cte rial 
reduct ion of ni trate in the beet end of th e fac tory (4 ).2 

Nitrite in an acid ic mecii um , even in t race qua ntity, reacts with 
iod ide producing n itr ic oxide , iodi ne, a nd water (5). 

2 NO-; + 2 C + 4 H + = 2 NO + 12 + 2 H 20 

The resultin g ni tric o xide form s highe r ox ides of nitrogen by re­
action with o xygen of the air, and these oxides then react with 
iodid e prod ucing more iod in e a nd ni tr ic ox id e. T he cycl e r e­
peats itse lf in d e finitely . Co nsequ e n tl y, iodine orig inat in g from 
th e nit ri te-iod id e reactio n inte rfe res in th e iod o metric tit ra tion 
of sulfi te. 

T he da ta in T able I demonstra te that a very small a mount of ni t rite 
will interfe re in the iodometric de te rmination of su lfite . React ion be­
t,,·een nitrite and iod ide is practica ll y in stanta neous in acidified sugar 
solution. I n the absence of acid no reaction was d e tected for a t least one 
hour. Also , o xyge n of the a ir slo wly oxidi zes iodide in ac idified sugar 
solution. Since a t itrat ion norm ally requires 2-3 minutes , oxidation of 
iodide by oxygen of the air should offe r no se riou s p roble m. Such an 
error is re la tively consta nt and ca n be evaluated with a blan k deter­
min ation . 

Table I.- Reaction between nitrite and iodide in a 14% sugar solutio n. 

[NO-;j [f] [H + j Colo r of Sugar Solu tion 

4.4 x 10 • :VI 1. 2 x 10 2 ~'I 0 Re mained culo rless fo r I hr 
8.7 X 10-· 1.2 X 10- ' 0 Re mainecl colorless fo r I h r. 

0 1.2 X 10- ' 0.6M Turned blu e in 4 min. 
4 .4 X 10- ' 1.2 X 10- ' 0 6 rurnecl blue in ca. I sec. 
8.7 x 10- ' 1. 2 X 10- ' 0.6 Turned blue in ca. I sec. 

:! N um bers in pa rerllh eses l~efer to li lera lure cired. 
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The data JPpearing in Table 2 were obtained by indirect titr;ltion 
with potassium iodate. The percent recovery of sodium sulnte de­
creased with increasing amounts of nitrite . 

Table 2.-Magnitudes of nitrite interference. 
NO. Added NazS03 Taken NazS03 Recovered % 

(f.tg) (mg) (mg) Recovery 

0 16 .7 16.6 99 
100 17.4 16.2 93 
200 18.2 15.7 86 
500 17.8 1l.7 66 

1000 16.3 7.9 48 

Elimination of Nitrite with H ydrazine Sulfate 

In aqueous solution, hyclrazine is both an oxidizing and a reduc ing 
agent. Hydrazin e reacts quantitatively with nitrite in ac id medium 
(1,6). Oxidation of hydrazine ordinarily yields nitrogen as a product. 

Employment of iodine for the direct titration of hydraz ine has 
been documented (2). The pH is maintained between 7.0 and 7.4 with 
sodium bicarbonate during the titration. At a pH lower than 7, the 
reaction is very slow. 

Hydrazine should react rapidly with nitrite ion in acid solution, but 
possibly, the reaction between hydrazine and iodine is sufnciently 
slow that iodine solution mav still be used for the titration of sulfite. 

Experiments with :'i0 to ' ISO mg of hydrazine sulfate in different 
concentrations of hydrochloric ac id indicated that no detecuble re­
action occurred between hydrazine and iodille when the concentration 
of the acid was 0.3 to 0.6 '\. When the solution was adjusted to 0.15 
N HCI, a very small quantity of iod in e, 0.6% of the tota l amo unt used, 
was reduced by hydrazinc. Thus, all subsequent tit rations were per­
formed in 0.6 N HC!. Solution of hydrocholoric acid grea ter than 0.6 
was not investiga ted. 

Determination of Sulfite 

Preliminary studies o n recovery of sulfite by direct titration of 
reagent grade sod ium sulfite with iodine yielded results ranging from 
90 to 96% recovery. The error was mostly due to air ox ida tion of the 
sulfite during the titration. This problem was satisfactoril y circum­
vented by add ing the sod iulll su lnte to an excess iodine solution and 
back titrating the rema ining iocline with sodiu m thiosulfate solution. 

Potassium ioclate reacts with excess iodide and acid producing an 
equivalent amount of iodine. The resulting iodine can then be used to 
oxidize sulfite. The advantages of employing potassi um iodate for 
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the source of iodin e are : (a) potassium iodate is commercially available 
in a high state of purity and this salt can be used for the direct prepar­
ation of standard solution , and (b) dilute iodate solution is more stable 
than dilute iodine solution. 

The accuracy of the described method for the determination of 
sulfite in the presence of nitrite was establish ed by analyzin g small 
portions of reagent grade sorlium sulfite. The sodium sulfite had an 
assay value of 99.6% <lnd was used without further purification. The 
results are presented in Table 3. 

Table 3.-Determination of sulfite in the presence of 1000 J.Lg of nitrite using the 
described method. 

N2H,· H 2SO4 Na2S03 Taken NazS03 % 
(mg) (mg) Recovered Recovery 

(mg) 

50 19 :; 19.4 99.5 
50 186 18.5 99.5 
50 19.0 19.0 100.0 
',0 I R.:; 18.6 100.5 
50 18.9 18.9 100.0 

To eva lu ate the accuracy of the described method for the deter­
mination of sulfite in thinjuice, kno wn amounts of sod ium su lfite "vere 
added to five separate portions of thin juice. Determinations of sul­
fite in the original thin juice and samples with added sodi um sulfite 
were made. Eac h milliliter of the original thin juice contained 66.4 
fJ-g of sulfite and 4.9 fJ-g of nitrite. The nitrite content was ascertained 
using a photometric method described by Buckett et a l (3) . the results 
are summari zed in Table 4. 

Table 4.-Recovery of sodium sulfite added to 50 ml of thin juice using the des­
cribed method . 

Na2S03 Added NazS03 % 
(mg) Recovered Recovery 

(mg) 

17. 3 J7.1 9R8 

20.1 20.0 9'.1.5 
19 .3 1SJ.2 99.5 
IH.6 l1U 9S.4 
I S.:l J8.2 99.4 

The data in Table 3 and 4 demonstrate that the described method 
is applicable for the determination of sulfite in the presence of nitrite. 
Interference of nitrite was eliminated with the use of hydrazine 
su lfate. 

Samples of process thin juice containing vanous quantities of 
nitrite were analyzed for sulfite by two different methods. Results are 
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T able 5.- Determination of sulfite in thin juice containing nitrite. 

Sample NO-; Direct Titration Described 
No. /-Lg/ml With KI03 Method 

1 45 0 49 
2 24 0 4 14 
3 7.0 457 577 
4 4.9 250 494 

shown in Table 5. As e xpected, direct titra tion with potassium iodate 
solution gave considerably lower su lfite cont.e nt as compared to that 
ascerta ined by the proposed method. I n cases whe re the nitrite con­
centration is abnormally high, titra tio n of sulfi te with iodate without 
eli mina tion of nitrite is not poss ible. 

Summary 

Nitrite in acid medium , eve n in trace qua ntity, reacts with iodide 
producing nitric oxide, iod ine, and water. T he resu lting ni tric oxide 
combines with the oxygen in the a ir forming oxides of nitrogen . T he 
latter di ssovles in wate r and produces more ni trite . Th is reaction is cycl ic 
and continues in de finitely. Iodine originating from the nitrite-iodine 
reaction inte rferes in the iodometr ic titratio n of sulfite. 

A method for the de ter minatio n of su lfite in thin juice tha t co n­
ta ins nitrite has bee n developed . T h e me thod is based o n elimination of 
nitrite in the thin juice with hydrazine su lfate, addition of sa mple to 
excess iodine, a nd back titration wi th sodium thiosulfate solution. 
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