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The Determination and Distri6ution of Iodate 

in South Atlantic Water/ 

G. T. F. Wong and P. G . Brewer 
Woods Ho/, Oceanographic Institution 
Woods Hole, Massachu.s,tts 02543 

A BSTRACT 

A novel method has been developed for the precise determination of iodate in sea water 
and the technique has been applied to samples fr om two stations in the Argentine Basin and 
one station in the Angola Basin. The method involves acidification of the sea water sample 
in the presence of excess iodjde in order to form the tri -iodide ion and measurement of the 
absorbance of this ion in a spectrophotometric titration cell. The tri-i odide ion is then titrated 
with standard thiosulphate solution from a micro-buret. The method has a coefficient of 
variation of o.7•/0 • Examination of the data for samples fr om the Argentine Basin showed 
iodate concentratjons, vary ing from 0.39 µM at the surface to 0.5 µMat depth, which co-
varied strongly with apparent oxygen util ization, phosphate and nitrate. The molar ratios 
obtained were AOU : ni trate : phosphate : iodate = 2440 : 357 : 22.7 : r. These data sug-
gest that iodate has a nutrient-like behavior in sea water and has a signifi cant biological flux . 
The data from the Angola Basin differed in that surface iodate concentrations were only 
0.27 µM, presumably due to large concentrations of iodide, and the correlation with the 
nutrients was not as well defined. We estimate the production rate of iodate in deep ocean 
water to be 2- 3 x ro-s µM kg- 1 y ,-- 1 • 

Introduction. The marine geochemistry of iodine is largely concerned with 
the two principal ionic species, iodate and iodide. E lemental iodine may be an 
important but transient species at the air-sea interface where its presence, and 
volatility, have been invoked in order to explain the observed enrichment of 
iodine in marine aerosols (Miyake and T sunogai, 1963). M ore recently methyl 
iodide has been detected in the marine atmosphere (Lovelock et al., l 97 3), but 
little information exists on the presence of other organo-iodine compounds in 
the atmosphere or in sea water. 

Early controversy (Sugawara, 1957; Sugawara and T erada, 1958; Shaw and 
Cooper, 1957, 1958) over the speciation of iodine in sea water has been re-
solved and Si li en ( 1961) showed that for the reaction 

(1) I0 3-+6H++6e-= I -+ 3H20 (pka = 110.1) 
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in sea water of pE 1 2.5 and pH 8. 1 the equilibrium iodate to iodide ratio 
should be 10'3-5. In practi ce the concentration of iodide found in sea water 
varies from below detecti on limit s (ca. 0.01 µ M) to ca. 0.2 µM (Tsunogai and 
Henmi, 1971; T sunogai, 1971 a). This marked redox disequilibrium, together 
wi th the observati on that iodine is enriched in the ti ssues of all marine organ-
isms, suggests a marked biological influence on the marine chemistry of iodine. 
T sunogai and Sase ( 1969) showed that bacteria capable of assimil ating nitrate, 
and reducing it to nitrite by means of nitrate-reductase, may also reduce iodate 
to iodide. Price and Calvert (1973) have examined the iodine geochemistry of 
cores from the reducing organic rich sediments off South West Afric a and 
report concentrations of total iodine up to I 990 ppm. Their data showed a 
marked covari ance between total iodine (presumably as iodide or as organ-
icall y bound iodine) and organic carbon. These high concentrations of 
iodine, relative to those in marine organisms (Shaw, 1962), led them to 
postulate scavenging of iodine from sea water by organic debris as an enrich-
ment mechanism. 

In comparison to the effort devoted to the determination of iodide in sea 
water littl e work has been done on the accurate determination of iodate, yet the 
distribution of this principal iodine species would appear to be of importance. 
In this paper we report on a novel method of the determination of iodate in sea 
water and we apply this method to samples from three stations in South 
Atl antic. W e examine the correlati on of iodate with oxygen and the nutrient 
elements, phosphate and nitrate, and attempt to calculate the rate of in situ 
production of iodate in oceanic deep water. 

The Determination of Iodate in Sea W ater. Previous work on iodate profil es 
in the Paci fi e (T sunogai and Henmi, 1971; T sunogai, 1971 a) has been carri ed 
out using the method fi rst described by Sugawara (1955) or by its recent modi-
fi cations (M atthews and Riley, 1970; T sunogai, 1971b). In these methods 
iodide is fir st separated by coprecipitati on of sil ver iodide with sil ver bromide 
and chlori de carri ers from several hundred millilit ers of sea water and removed 
by fi ltrati on. T he iodate remaining in the supernatant liquid may now be re-
duced to iodide wi th hydrazine sulphate and precipitated in identical fashion. 
T hese precipitates are separated from the supernatant liquid and treated with 
bromi ne water to oxidi ze iodide to iodate. The excess bromine is removed by 
boiling and the iodate may then be converted to iodine with excess iodide in an 
acidic solution. Iodi ne can then be tit rated with standard thiosulphate soluti on 
and the end point detected with the iodine-starch complex or more sensit ively, 
as the tri- iodide ion which shows a strong absorbance at 35; nm. 

I t seemed that a direct and rapid method for the determination of iodate 
woul~ offer s_i ~nifi cant . advantages and the feasibilit y of such a method was 
exam111ed. Initial expenments in which the tri-i odide ion was fo rmed di rectly 
in sea water as in (2) 
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appeared promising and showed that in a 1 o cm spectrophotometer cell at a 
wavelength of 353 nm, iodate at its natural sea water concentration would give 
an absorbance in the range of 0.2 to 0.3. The sample may be titrated directly 
in the spectrophotometer cell and the titrati on end point detected by the dis-
appearance of the tri -iodide ion. 

Interferences. Chemical species that may interfere with the analytical proce-
dure have been examined. Reducing agents that are capable of reducing I 2 or 
I 3- to I - will tend to decrease the apparent iodate concentration, and oxidizing 
agents that can oxidize the excess iodide to iodine will increase it . Also, species 
that can react with thiosulfate will increase the apparent iodate concentration. 
The more probable interfering reacti ons are listed in Table 1. We conclude 
that the probable interferences are negligible; the ocean concentrations of inter-
fering species are low and the reacti on conditions required for interference are 
usuall y extreme. Moreover these reactions do not give the chemical amplifi-
cation that is provided by formation of three tri-iodide ions for each iodate 
ion, and are thus of lesser molar sensitivity. 

The most probable potential interference is associated with the presence of 
nitrite which acts as a catalyst in the oxidation of I- to I 2 in acidic solution, 
and would then tend to give higher apparent iodate concentrations. The samples 
available to us in this paper had (nitrate + nitrite) concentrations reported and 
the level of nitrite alone is unknown. Normal oceanic nitrite concentrations are 
close too. I µM NO.--N and this is too low to cause significant interference. 
In upwellin g areas nitrite concentrations may reach 1.0 µM NO.--N or 
more (Vaccaro, 1965) at depths close to the oxygen minimum and this potential 
interference should be eliminated in future work. 

Table I. Some possible interferences in the direct iodometric determination of 
iodate in sea water. 

Species 

Cu'+ 
NO,-
MnO4-
Fe3+ 
H,S 
SO/-
S,O/-

Reaction 

2Cu'++ 4I- = Cu,I, + I, 
2No,-+ 2r-+ 4H+ = 2NO + r, + 2H,O 
2MnO4- + r- + H,O =2MnO,+ IO3- + 20H-
2Fe3++ 21- = 2Fe'++ I, 
H,S + I, = S +2H++ 2I-
SO3'-+I2+H2O = SO/-+ 2I- + 2H+ 
2S2O3'-+ 13- = S4O6'- + 3I-
2S2O3'-+ I,= S4O6'-+ 21-
H3AsO4 + 2I- + 2H+ = HAsO,+ 1, +2H,O 

Reaction 
Conditions 

Acidic 
Boiling 

(µM) 
Oceanic 

Concentration 

0.05 
0.01 

Strongly Acidic 
High Concentration 
Acidic 

0.1 

Acidi c 
? 

0.04 
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D etermination. A diagram of the titration cell is shown in Fig. I. It consists 
of a 10 cm path length cylindri cal silica spectrophotometer cell modifi ed by 
the addition of a well to accept a T eflon-coated magnetic stirring bar (2 cm). 

i cm. 

The well is connected by side-arms to 
the ends of the cell so that on stirring 
the action is that of a pump and rapid 
equilibrati on of any solution added to 
the cell is obtained. The mixing time 
is approximately one minute. The cell 
will fit in the long path length housing 
of a Beckman DU spectrophotometer 
with suitable cut outs to accept the well 
and sidearms. A magnetic stirrer is 
mounted externally under the cell hous-
ing and is sufficient to stir the unit. 

The titration is accomplished by 
means of a micrometer buret of 2 .0 ml 

Figure 1. Diagram of the spectrophotometric capacity (Gilmont No. 7846) with a 
titrat ion cell . luer tip fitted with T efl on adapters. A 

T efl on capillary tube connects the buret 
through a hole in the cell housing lid to the neck of the titration cell. Standard 
thiosulphate solution ( 1 oo µM) was used for the titration. A stock thiosul-
phate soluti on of 0 .01M strength was prepared as in Kolthoff et al. (1969) 
and dilutions made from this reagent. Standardization was by titration against 
a standard iodate soluti on immediately prior to the analyses. 

Procedure. Filtered seawater (30.0 ml) was transferred to the cell and to it 
was added 0 .25 g of potassium iodide, I ml of o. r M sulfuric acid and distilled 
water until the cell was full up to a calibration mark at the base of the neck 
(ca. 38 ml). The cell was calibrated by weight (38.7 ml) however in practice 
it is not necessary to know the 
final volume to better than ± 2 '°·°j 
ml. Filt ered seawater was used I 
in the reference cell and ther ·, 

ini tial absorbance was measured s.o ·, ."-. '" .,.,., ____ • 
after stirring to mix the reagents. '" 
Once stable conditions had been 

achieved (approximately ro min- o:-------l'------....J-,:===--·===:-•====-•·-', 
utes) additions of o. I ml of the O w 2.0 

thiosulfate soluti on were made, ,, v tm.t/ 

the solution was stirred at one Figure 2 . Evaluati on of the t it rati on end-point by a plot 

minute intervals and the stable of (Vi + t. V)A against t. V . Vi is the initial 
volume, t. V is the volume of thiosulfate added 

absorbance measured (approxi- and A is the absorbance. 
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Table II. The precision of the photometric micro-titration method for 
triplicate analyses of iodate in a sample of sea water. 

Vi = 39 ± 1 ml 
CT= 67.6µM 

6.V (ml) 
,---I~ ,-II 

A (Vi+LW)A A (Vi + l:::,,V)A 
0.00 0.184 7.176 0.183 6.954 
0.10 0.152 5.791 
0.20 0.124 4.861 0.123 4.699 
0.30 0.092 3.524 
0.40 0.064 2.522 0.065 2.496 
0.45 0.055 2.170 0.052 1.999 
0.50 0.038 1.463 
0.55 0.029 1.147 0.029 1.119 
0.60 0.029 1.147 0.029 1.119 
0.80 0.029 1.154 0.030 1.164 
1.00 0.029 1.160 0.029 1.131 
1.30 0.028 1.128 0.029 1.140 
1.50 0.028 1.134 
1.60 0.029 1.148 
1.90 0.031 1.237 

0.530 ml 0.534 ml 
VE.P. 
IO3- 0.199 µM 0.201 µM 

25.3 ug/1 25.5 ug/1 

IO3-= 
VE.P. x 67.6 

Vi x 6 

The average iodate concentration is 25.3 ug-I/1 ± 0.7°/0 • 

CT - Concentration of the thiosulfate solution. 

,-- I I I ------., 
A (Vi + t.V)A 

0.186 7.068 
0.159 6.058 
0.126 4.813 
0.096 3.677 
0.068 2.611 

0.040 1.540 

0.029 1.119 
0.032 1.242 
0.032 1.248 
0.032 1.258 

0.032 1.267 
0.032 1.277 

0.528 ml 

0.198µM 
25.2 ug/1 

VE.P. - Volume of thiosulfate solution used in order to reach the end point. 

mately 2 minutes). The sequence was repeated and the end point was reached 
when no further decrease in absorbance was observed upon further additions 
of thiosulfate solution. At least five points were taken before and after the 
end point. A plot of (Vi+ I:::,, V) A against I:::,, V, where Vi is the initial volume, 
ti V is the volume of thiosulfate added and A is the absorbance, gives two 
straight lines with the end point at the intersection. A titration plot of this kind 
is shown in Fig. 2. Blank titrations were carried out on quartz distilled water. 

Precision. The precision of the method was evaluated by the determination 
of iodate in a sample of surface water collected from Woods Hole harbor in 
triplicate. The data are given in Table 2 and indicate that the method has a 
coefficient of variation of o. 7 % • 

Storage of Sea water Samples. Attempts to preserve sea water samples from 
biological perturbation of their iodate concentration by poisoning the sample 
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Table III. Analyses of iodate at three South Atlantic stations. 

Station 60* Station 61• Station 109• 

Depth I03
- PO4

3- (NO3- Depth IO
3
- PO43- (N03- Depth I03- PO4

3- (NO3-

+ NO,-) + NO,-) + NO2-) 

m µM µM µM m µM µM µM m µM µM µM 

2 0.387 0.09 0.0 5 0.403 0.12 0.0 2 0.274 0.01 0.0 

65 0.392 0.10 0.0 148 0.425 0.41 4.6 32 0.281 0.02 0.0 

126 0.448 0.25 2.1 268 0.420 0.41 4.4 77 0.447 1.05 15.8 

244 0.448 0.46 5.3 426 0.451 0.81 10.7 102 0.440 1.02 15.0 

353 0.448 0.65 8.4 535 0.422 0.78 10.2 172 0.419 1.25 19.6 

533 0.458 1.23 17.8 596 0.451 1.13 15.7 242 0.478 1.34 21.6 

729 0.482 1.70 25.1 692 0.466 1.61 22.9 282 0.411 1.53 25.8 

1036 0.482 2.02 30.2 792 0.471 1.68 24.7 352 0.436 1.77 30.8 

1261 0.474 2.16 32.2 996 0.485 1.87 27.9 421 0.482 1.90 32.7 
1483 0.474 2.17 32.4 1307 0.490 2.14 31.8 484 0.458 1.97 33.6 
1576 0.478 2.12 31.9 1386 0.498 2.14 32.6 554 0.463 2.06 35.0 
1723 0.458 2.02 30.4 1868 0.482 2.06 31.0 710 0.432 2.08 34.6 
2270 0.459 1.46 22.6 2346 0.471 1.64 25.0 860 0.425 2.07 34.0 
2867 0.458 1.36 21.0 2825 0.470 1.48 22.7 1003 0.422 1.92 31.4 
3212 0.465 1.40 21.7 3165 0.485 1.74 26.2 1304 0.434 1.54 25.0 
3419 0.474 1.66 24.9 3362 0.471 1.88 28.1 1605 0.423 1.27 20.6 
3725 0.471 2.00 29.6 3496 0.478 2005 0.449 1.22 19.9 
4016 0.473 2.19 32.5 3728 0.488 2.08 30.7 2468 0.421 1.32 21.4 
4197 0.475 2.22 32.4 4096 0.475 2.18 32.2 2972 0.473 1.34 21.9 
5223 0.474 2.21 32.6 4647 0.493 3476 0.471 1.37 22.3 
4238 0.478 4704 0.486 3976 0.477 1.36 22.2 
4267 0.476 4752 0.487 4728 0.444 1.38 22.6 
4297 0.474 4804 0.486 2.21 32.6 4979 0.443 1.40 22.9 
4323 0.489 2.23 32.4 4827 0.482 5028 0.451 1.40 22.9 
4346 0.474 4844 0.475 5078 0.450 1.41 23.0 
4367 0.475 4864 0.478 5108 0.437 1.41 23.1 
4388 0.495 4883 0.477 
4405 0.481 2.23 32.4 4904 0.475 

4924 0.508 2.21 32.6 
4296 0.485 

• Station 60 32°31.0'S, 42°0.0'W 
Station 61 36°0.0'S, 45°0.0'W 
Station 109 2°0.0'S, 4°33.0'W 

with mercuric chloride or toluene failed due to the absorbance of these species 
in the titration. Samples stored in their natural state at room temperature in 
polyethylene or glass bottles showed a slow increase in their iodate concentra-
tion, however, unfiltered samples stored in the dark at 5°C, or frozen (- 10°C), 
showed no detectable change in iodate concentration for the length of the 
experiment (5 weeks). It is recommended that samples be stored in their frozen 
condition prior to analysis. 

J?istribution of Iodate. Samples were obtained from the GEOSECS Atlantic 
Leg 5, from stations 60 cruise, (32°31 .o'S, 42°0.o'W) and 61 (36°0.o'S, 



1974] Wong and Brewer: Determination of Iodate 31 

STAT I ON 60 (32° 31.o's 42°0.0W) 
NITRATE µ.M 

IOOATE µ.M 0 10 20 30 

or;:::Q:::40::::=:=~------='=, 

iOOO 

3 

4000 

Figure 3. Vertical profi les of iodate, phosphate and nitrate + nitrite at GEOSECS Station 60. 

STAT I ON 61 (36°0.0's 45°0.dW) 
NITRATEµ.M 

9 10 20 
I I 

4000 

Figure 4. Vertical profiles of iodate, phosphate and nitrate + nitrite at GEOSECS Station 61. 
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Figure 5. Correlation of iodate with phosphate from 
Stations 60 (·) and 61 ( x ). 

45°0.o'W) in the Argentine 
Basin. The samples were stored 
frozen, unfiltered, in polyethy-
lene bottles and returned to 
Woods Hole by air. The sam-
ples were were collected on 
November 23 and 25, 1972, 
and analysis was commenced at 
W oods Hole on December 6. 
The data are given in Table 3 
together with the sample depth 
and the phosphate and (nitrate 
+ nitrite) concentrations. The 
nutrient data and other hydro-
graphic information were taken 
from the GEOSECS Leg Re-
ports and represent unpublished 
information. Vertical profiles of 
iodate, phosphate and (nitrate+ 
nitrite) are shown in Figs. 3 

and 4. The iodate profiles at both stations have common features; a signifi-
cant depletion in surface waters, a maximum close to the phosphate and nitrate 
maxima at 1,400 m, a minimum at 2,000-2,800 m in the North Atlantic 
deep water and a gradual increase into the Antarctic Bottom Water. The cor-
relation with the phosphate and (nitrate+ nitrite) data is remarkable and a 
linear regression of iodate with the nutrients gave a correlation coefficient of 
iodate to phosphate of 0.94 and to nitrate 0.95. The slopes of these lines 
yielded a mole ratio of nitrate : phosphate: iodate = 357: 22. 7: l; the correla-
ti on with the apparent oxygen utilizati on (AOU) was less well defined (cor-
relation coefficient = o.88) and the rati o AOU:iodate was 2440: I. The 
iodate: phosphate correlation is shown in Fig. 5. 

These data would indicate that the regenerated iodate in deep water is some 
7-13% of the total iodate present, and that approximately 90 % of the iodate 
exhibits conservative behavior. If iodate is indeed being regenerated in deep 
ocean water from the biological fl.ux of reduced iodine in stoichiometric pro-
portion to dissolved oxygen, then one can calculate an iodate production rate 
from the reported consumption rates of oxygen. Abyssal oxygen consumption 
rates have been derived by Riley (1951), W yrtki (1962) and Craig (1971), and 
a value of r.3 x 10-3 ml kg- 1 yeac' is reasonable for North Atlantic Deep 
Water; the stoichiometric iodate production rate then is 2.4 x 1 o-s µM kg- ' 
year-•. 

In Table IV we also present data from GEOSECS Station 109 (2°0.o'S, 
4 °33.o'W) in the Angola Basin. These samples were stored frozen in glass 
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STATION 109 (2°0.o's 4°33.dw) 

IODATE µ.M 

or=0-=.3====0:t.4=:::;;;--Q=:.5 

1000 

4000 

5000 

9 
NITRATE µ.M 

1p 2,0 
2 PHOSPHATE µ. M 

33 

F igure 6. Vertical profiles of iodate, phosphate and nitrate + nitrite at GEOSECS. Station 109. 

bottles for seven weeks during return of the ship to Woods Hole. In Fig. 6 
we show the profi le of iodate at this station and some unusual features are ap-
parent. The surface iodate concentrati on is only 0.274 µM, much lower than 
for surface waters in the Western Basin, and the iodate maximum is at 400 m, 
somewhat above the phosphate and nitrate maxima. 

The hydrographic features of this station are character_ized in , the upper 
layers by oxygen defici ent water transported from the south and east, and the 
absence of Antarctic Bottom W ater which is cut off by the Walvis Ridge to 
the south. In Fig. 7 we have plotted iodate against phosphate for this station, 
and drawn in the line predicted from Stations 60 and 61. Two things are 
apparent; the surface points fall far off the previously predicted line and the 
surface concentration is close to that found in W oods Hole ,surface water (ca. 
0.24 µM). Secondly, the correlati on with phosphate is poor, the correlati on 
coefficient being o. 70 if the surface points are included and only 0.07 if they 
are not. This is perplexing and would tend to negate the simple stoichiometri c 
production rate deri ved for Stations 60 and 61. The deep water conce11trations 
of iodate, phosphate and (nitrate+ nitrite) are lower at Station 10,9 than in the 
W estern Basin and the concentrati ons of all three species bl=! low 2000 m 
(103- , o.451 ± .017µM; P0 43-, 1.36± .06µM, (N0 3 it-NO,), 22.2±1.0 
µM) are not significantly different to the concentrations found at the core of the 
North Atlantic Deep Water, i.e. the salinit y maximum, at Stations 60 and 61 . 
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Figure 7. Correlation of iodate with phosphate at Station 109. The line is that derived from Stations 
6o and 61. 

If in fact we are simply observing mixing of iodate, phosphate and (nitrate 
+ nitrite) between water masses representing two end members (North Atlantic 
Deep Water and Antarctic Bottom Water) then a linear correlation would 
naturally result in the Argentine Basin. A true difference in the deep water 
mode of production of iodate would be more easily detected at the intense 
oxygen minimum found at Station 109. If iodate is separable from the nutrient 
elements in this manner then it represents a precisely measurable independent 
oceanographic variable of significant use in evaluating oxidative decomposition 
processes in the ocean. 

Discussion. The lack of comparable data on the iodide distribution prohibits 
us from further conclusions. The low iodate concentrations in the surface layer 
at Station 109 could be caused by biological stripping of total iodine, loss of 
iodine to the atmosphere, or be associated with the presence of high concentra-
tions of iodide. Tsunogai and Henmi ( 1971) in their discussion of iodide in the 
Pacific report higher concentrations of iodide in warm surface waters and in 
areas of high biological activity. We find little in our data to substantiate the 
concept that total iodine concentrations in sea water are constant, since a signif-
icant biological flux is clearly indicated. Moreover the recent suggestion by 
Liss et al. (1973) that the iodide/iodate couple is at equilibrium is open to 
serious doubt. It seems likely that the presence of iodide in sea water is due to 
biologically promoted disequilibrium rather than equilibrium maintained by 
some unknown couple. Price et al. (1970) and Price and Calvert (1973) have 
suggested that the high iodine concentrations in marine sediments are not due 
directly to surface uptake of iodine by plankton, but to scavenging of deep 
water iodine by marine seston. If this is true then one would expect that the 
production rate of iodate derived from oceanic models would not be matched 
by the consumption rate of its precursor, iodide. We intend to investigate this 
in future work. 
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