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The oxygen dissolved in sea water is usually determined by the classical 
method of Winkler. Probably because of the large number of investigators 
who have used this method, there have developed various modifications in 
the method of collecting samples, in the standardization of the sodium 
thiosulfate solution, and in the titration of the samples. It is the purpose 
of this paper to discuss these various methods, the sources of possible error, 
and to present the best procedure for standardization of the sodium thio-
sulfate solution. 

COLLECTION OF SAMPLES 
Large errors may result in the collection of samples from waters contain-

ing plankton in great abundance. This effect is limited to the first few 
meters of the surface waters. It is well known that the phytoplankton 
occur in colonies so that consecutive hauls of the net through the same 
stratum of water at approximately the same localities may result in varia-
tions in the quantitative measurements of plankton amounting to as much 
as 200 to 300 per cent. Since there is a direct correlation between the 
plankton content of water and its content of dissolved oxygen, wide fluctua-
tions must result in the distribution of this element in these waters. The 
classical method of sampling may or may not give results that approximate 
average conditions. For detailed studies, particularly during very calm 
weather and in localities, such as fiords where there is marked stratification 
of the surface waters, proper sampling apparatus has yet to be devised. 

* Contribution No. 86. 
( 1) 
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1t is customary to coll ect the dissolved oxygen sample from the sampling 
bottle before those for other constituents are taken and as soon as the bottle 
comes aboard. This is essential in order to prevent possible expulsion of 
dissolved gases by increase in temperature. Furthermore, immediate 
sampling reduces the length of time the water is exposed to the metal of 
the sampling bottle. The larger the bottle the less metal exposed per unit 
volume of water. The authors utilize 2.5-liter sampling bottles of the Nan-
sen type prepared by the Atlas Instrument Company of Seattle. To elimi-
nate possible errors caused by the action of the dissolved gasses with the 
usual metal or alloy of the sampling bottles, sil ver plating was applied to the 
interior, but over a period of time this plate is acted upon by the sea water. 
Experiments are now in progress using stainless steel bottles. 

The dissolved oxygen is determined with water samples contained in 
small glass-stoppered bottles which have been filled with water from the 
sampling bottles without loss or addition of oxygen. These small bottles 
should be made of amber or green glass so that li ght does not liberate iodine 
from the excess of the iodide reagent. Glass bottles having an approximate 
capacity of 100 or 250 ml. are commonly employed. The 100-ml. bottles 
contain only enough sample for a single titration if 0.01 . sodium thiosul-
fate is used. Moreover they must be calibrated "to deli ver" or "to con-
tain" with an accuracy of 0.5 ml. to have an accuracy comparable with 
that of the titration. The calibration value for the bottle must be u ed in 
making the calculations for the oxygen content of the water ; thus the 
volume of the bottle can not be incorporated in the constant for the equation 
when the results of a large number of titrations are being calculated as each 
bottle may have a different capacity. In order to facilitate calculations, to 
provide for a check titration, and to lessen errors caused by the addition of 
reagents and impurities contained in them, glass sample bottles having a 
capacity of 250 ml. are to be preferred. With such a procedure, a 100-ml. 
sample is taken for titration. The volume of the bottle is not invoh·ed in 
the size of the sample titrated and need not be known with any great ac-
curacy. The calibration value of the bottle is only used in correcting for the 
dilution due to the addition of the reagents, 1 ml. for the manganese sulfate 
solution and 1 ml. for the potassium hydroxide-potassium iodide reagent. 

100 ml. X 
25

0-
2 = Volume Titrated 

250 

Consequently a constant value of 250 ml. may be used as the volume of the 
bottle in the calculations even with bottles varying by _5 ml. in capacit~· 
and incur an error no greater than one part per thou and. If the calibration 
volumes of 100-ml. bottles varying by less than even 1 ml. a.re ignored in the 
calculations, the results would be materiall y affected. If the 2 0-ml. 
bottles are used, the besl procedure is to cali brate a large number of the 
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bottles and then discard those with extreme maximum or minimum capaci-
ties. 

When samples are kept in acid condition for some time, a small bubble of 
gas invariably collects at the stopper. Whether this is carbon dioxide 
liberated from the sample by the acid, nitrogen made more insoluble by the 
presence of the added electrolytes, or air taken in around the stopper due to 
thermal changes, is of little importance when aliquots of the solution are to 
be measured for the titration. When the entire content of the bottle is to 
be used for a single titration as is usually done with the 100-ml. bottle, the 
volume of the bottle does not represent the volume of the sample because 
of the presence of the gas bubble and an appreciable error ensues. 

ESTIMATION OF DISSOLVED OXYGEN 

Samples should be .treated with the reagents as soon as possible after 
sampling. This is extremely important with waters which are saturated or 
supersaturated in situ and with the air temperature warmer than the water 
temperature. Even with unsaturated samples, the dissolved oxygen con-
tent can change on standing through biological processes. 

Warming of the water sample during settling of the manganous-manganic 
hydroxide has little effect. Alternate warming and cooling is undesirable as 
air is sucked into the bottle, absorbed by the solution, and the oxygen ex-
tracted by the manganous hydroxide. Furthermore, the manganic hydrox-
ide apparently ages on standing and dissolves quite slowly when later 
treated with acid. That is, it is undesirable to let the manganese hydroxides 
stand for a long period of time before acidification. If the samples are to be 
collected some time before the final titration is made, it is better to treat 
the samples with all the reagents and let the samples stand in the dark in the 
acid solution until titrated. 

The 100-ml. portions need not be measured with a pipet but may be taken 
with a calibrated measuring cylinder. An error in measurement of the 
solution of only 0.5% results through such a practice. The cylinder is far 
more rapid and convenient to use than the pipet and is particularly ap-
preciated while making titrations in heavy weather. Moreover, pipetting 
iodine solutions even with an accurate pipet is not without error as it causes 
a loss of iodine through volatilization. A constant technique of manipulat-
ing the graduated cylinder should !;>e adhered to. 

Hydrolytic Ejfect.-ln solutions of iodine and potassium iodide, the fol-
lowing equilibria exist: 

12 + H20-P. HI+ HIO 
+ 

1- .-.;:::z 1-
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With dilution a larger proportion exists in the form of the acids because of 
the mass action eff ect. In lik e manner the addition of hydrogen ions de-
creases the proportion of hydriodic and hypoiodous acids. The addition of 
iodide ions decreases the concentration of free iodine as well as the hypoiod-
ous and hydroiodic acids through formation of l a-. In the titration of 
dilute iodine soluti ons, it is important that this hydrolytic eff ect be kept at 
a minimum to insure a correct endpoint . This is eff ected, in this particular 
determination, by the presence of a suffi cient excess of iodide ions which 
have been introduced previously by the hydroxide-iodide reagent. 

REAGENTS 

Manganous Sulfate.-The manganous sulfate should always be tested for 
the presence of ferric salts as impurities; if present, the salt is purified by 
crystallization. 

Potassium Hydroxide-Potassium l odide.- The most common interfering 
impurity in this reagent is iodate, which fr, often present in potassium iodide. 
Upon acidifying a portion of the reagent, after dilution with water, the 
iodate reacts as follows: 

IOa- + 51- + 6H+ - 312 + 3H20 

Thus the liberation of iodine by the iodate will cause abnormally high 
titration results. 

It is essential that this reagent should always be kept in a dark bottle to 
protect it from the action of light and thus prevent the formation of hypo-
iodites; a bottle coated on the exterior with black paint proves very efficient. 
Should the reagent be kept for longer than one month, it should be tested 
occasionally for hypoiodites. 

IO-+ 1- + 2J-I+- 12 + H20 

Sulfuric Acid.-Only the special analytical grade of sulfuri c acid, free of 
nitrogen compounds should be used. Even C.P. acid may contain oxides of 
nitrogen if originally prepared by the Chamber Process, so that iodine i 
liberated when the diluted acid is treated with potassium iodide. 

N02 + 21- + 21-f+ ----> NO + 12 + H20 

On the other hand, the acid may contain traces of sulfur dioxide re ulting 
from the reaction with organic matter such as dust of the air or accidental 
contact with rubber. Under such conditions, fr ee iodine will be reduced and 
low results obtained. 

Reagent Blank.-The magnitude of these impuritie may be ea ily te' ted 
by adding, to 100 ml. water, the vari ous reagents in the rewrse order in 
which they are employed in the actual determination of dissoh·ed oxygen. 
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That is, 1 ml. sulfuric acid is added to the water, followed by 1 ml. of the 
hydroxide-iodide reagent. At this point, the solution should be distinctly 
acid, then 1 ml. manganous sulfate is introduced. After standing for ten 
minutes, starch indicator is added, and any liberated iodine titrated with the 
thiosulfate. Blank determinations should give only very small values. 
If no iodine is liberated, then a drop of 0.0100 N Kl-l2 is added to the solu-
tion. The blue starch-iodide color should appear immediately. If a num-
ber of drops of the iodine solution are added before the blue color appears, 
undesirable sulfuric acid is thus shown. Either a fresh supply must be 
obtained or the reagent must be heated and allowed to fume copiously for a 
short period. 

RECOMMENDED PROCEDURE FOR THE STANDARDIZATION 
OF SODIUM THIOSULFATE SOLUTION 

In standardizing the thiosulfate solution, it is well to consider many of the 
factors to be discussed subsequently as well as those discussed previously. 
The following is the recommended procedure: To one hundred ml. of the 
average sea water under consideration, add 1 ml. of the sulfuric acid, fol-
lowed by 1 ml. of the hydroxide-iodide reagent. After stirring introduce 
1 ml. of the manganous sulfate solution. The resulting solution is then 
treated with an appropriate volume of standard solution, the liberated iodine 
titrated and the normality of the thiosulfate solution calculated. If the sea 
water contains excessive amounts of plankton or some reducing impurity, 
a distilled water medium is better used. 

INVESTIGATION OF METHODS OF STANDARDIZATION 

The importance of the standardization of the thiosulfate solution for use 
in the estimation of dissolved oxygen cannot be over-emphasized. For this 
reason the following methods of standardization were examined very criti-
cally. The standard solutions used in this investigation were prepared ac-
cording to the following directions: 

Sodium Thiosulfate Solution.-About 35 grams of sodium thiosulfate are 
dissolved in 10 liters of distilled water which has been previously boiled to 
expel carbon dioxide. It is stored in an amber glass bottle out of contact 
with the carbon dioxide of the air. A few drops of CS2 are added as a 
preservative. A solution so treated is very stable over a long period of time. 

Sodium Arsenite Solution, 0.01000 N. As203 is further purified by sub-
limation. Dissolve 0.4945 gram in 10 ml. of N NaOH, make slightly acid, 
buffer with 10 grams of NaHC03 and dilute to a liter. 

Iodine Solution, 0.0100 N.-Purify the iodine by sublimation. Weigh 
about 1.270 grams 12 into a weighing bottle containing 4 grams of KI and 
5 ml. of water. Dilute to a liter and calculate the exact normality. 
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Secondary Iodine Solution.- Standardize the previous solution against the 
standard arsenite solution and calculate the normality of the iodine solution. 

Potassium Dichromate Solution, 0.01000 N.- Purify the K2Cr201 by 
recrystallization, powder and dry at 130° C. for 30 minutes. Weigh 0.4903 
gram, dissolve, dilute to a liter. 

Potassium Bi-iodate Solution, 0.01000 N.-Purify the KH(IO a)2 by 
recrystallization. Dry and weigh 0.3250 gram, dissolve, dilu te to a li ter . 

EXPERIMENTAL 

The normality of the sodium thiosulfate solut ion was determined as 
follows: Ten ml. of the standard solution were measured into 90 ml. of 
either distill ed or sea water as was appropriate. In the case of potassium 
dichromate and potassium bi-iodate, iodine was liberated by adding 1 ml. 
of 36 N H.2S04 and 1 gram of KI. The sodium thiosulfate solution was added 
from a 10-ml. micro-buret until the yell ow color of iodine was barely di -
cernible; the starch indicator solution was added, and the titration con-
tinued until the blue color disappeared. 

The normalities as established against the various standards are given in 
Table I. These results represent the averages of values obtained independ-
ently by three different chemists, each using his own set of standard olu-
tions and the same thiosulfate solution. 

TABLE I 

NORMALITY OF A SODIUM THIOSULFATE SOLUTION AS DETERMINED WITH 
SEVERAL STANDARDS 

S tandard 

Primary 12 
S econdary I , 
K2Cr201 
KH(I0,)2 

Average 

Diluted with 
Distilled Water 

0.01394 
.01373 
.01369 
.01379 

0 .01379 

DISCUSSION 

Diluted with 
Sea Water 
0 .01382 

.01372 

.01369 

.01379 

0 .01375 

Accuracy.-The weighings and measurement were made with an ac-
curacy ample for this investigation. The iodine was weighed to the nearest 
milligram, thus involving an error no greater than one part in tweh·e hun-
dred. The other solids were weighed to the nearest 0.1 milligr am which was 
a comparable accuracy. Calibrated Normax equipment was used for all 
volumetric measurements so that an error no greater tlrnn one part in fiye 
hundred was involved. The starch endpoint is definite to 0.01 ml. but a 
total error of about 0.02 ml. may result due to overrunning the endpoint. 
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With an 8-ml. portion of thiosulfate, this means a possible error of one part 
in four hundred. 

Volume of Titration Medium.-When the iodine from 10 ml. of the 
standard solutions was titrated with thiosulfate solution without first 
diluting, inconsistent results were· obtained. This was probably due to 
loss of iodine by volatilization, though in the case of the oxidizing stand-
ards the large hydrogen-ion concentration may have caused decomposition 
of the thiosulfate solution, which, of course, would result in subsequent 
irregularities. However, when the standard was diluted with 90 ml. of 
water before liberating iodine, consistent results were obtained. 

Distilled Water Medium versus Salt Water Medium.-The normality of 
the sodium thiosulfate solution was determined with various standards both 
in distilled water and in sea water. In this manner it was not only possible 
to compare the accuracy of t_he various standards but also to demonstrate 
that the dissolved salts in the sea water had an inappreciable effect on the 
estimation of dissolved oxygen. Theoretically such a standardization is 
desirable, however, since by standardizing in the same manner and with the 
same conditions as the titration is made on the unknown, a more accurate 
determination is supposedly obtained through compensation of errors. The 
error most likely to result when using sea water is the reaction of iodine with 
the organic matter. Table I shows that essentially the same results were 
obtained for each of the standards regardless of whether the medium was 
distilled water or salt water. This might not be the case if the water con-
tained exceptionally large amounts of plankton. 

Comparison of Various Standards.-It is also seen from Table I that no 
significant difference is noted for the normalities that result from the use of 
the various standards although the primary iodine solution tended to give 
high results due to slight losses of iodine. The most consistent results were 
obtained with potassium bi-iodate while the use of potassium dichromate 
yielded data showing the greatest variation. 

These results show that it is possible to accurately standardize the 
sodium thiosulfate solution against any of these standards. However, in the 
selection of the best standard it is not solely a question of accuracy but also 
a question of cost of the pure standard, the convenience of preparation and 
use of the standard solution, its stability, etc. 

Iodine is not recommended as a primary standard because of the difficulty 
in weighing and transferring to a volumetric flask without loss due to vola-
tilization. Rather, it is recommended that the iodine be prepared as a 
secondary standard and then be checked against a sodium arsenite solution. 
Arsenic trioxide may be purified easily by sublimation and makes an excel-
lent standard solution that is quite permanent. Its use makes the iodine a 
secondary standard. 
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Potassium dichromate may he pur ifi ed very simply. It, too, is extremely 
stable. However, it has t he disadvantage of reacting somewhat slowly with 
the potassium iodide. Occasionall y the liberated iodine may be titrated 
by the thiosulfate before t he dichromate-i on has reacted completely with 
the iodide. Therefore it is advisable to add addit ional acid just before 
reaching the endpoint to facili tate a complete reaction. 

The potassium bi-i odate also makes an excell ent standard . Moreover it 
reacts with iodide more rapidly than does dichromate. It is a rarer chemical 
than the others, is more diffi cul t to purify on account of its greater solu-
bili ty, and its cost is considerably greater. 

SUMMARY 

1. It is recommended that samples approximating 250 ml. of sea water 
be taken for dissolved oxygen and 100 ml. ali quot used for titration. 

2. Potassium bi-i odate or a solu t ion of iodine standardized against 
arsenious oxide is to be preferred for standardizing sodium thiosulfate. 

3. The standard against which the thiosulfate is titrated should be placed 
in a volume of sea water approximat ing that used in the actual determina-
ti on of dissolved oxygen, the sea water having been treated previously with 
the sulfuri c acid reagent, then with the hydroxide-i odide reagent and 
manganous sulfate solutions. 


