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ARSENIC IN THE SEA 1 

SAMY GORGY,2 NORRIS W. RAKESTRAW AND 

DENIS L. FOX 
Scripps Institution of Oceanography, La Jolla, Califom'ia 

Although the microdetermination of arsenic in biological materials 
is of interest because of its toxicity, still the determination of arsenic 
in sea water has received but little attention, despite the fact that 
most of the marine animals and plants concentrate this element in 
their tissues. We are in some doubt about the physiological Rignifi-
cance of arsenic, as well Bs about the forms in which it occurs in the sea. 

The arsenic content of sea water has been investigated by Gautier 
(1903), who found about 10 mg./m3., and by Rakestraw and Lutz 
(1933), who found 9 to 22 mg./m3. Fedossov (1940) investigated the 
arsenic content of the Azov, Black and Caspian Seas, and found 5.7, 
10 and 6 mg./m3. , respectively. 

Methods. Several methods have been used for the microdetermina-
tion of arsenic, but most of these are either not sensitive enough (as 
the Deniges, Reinch and titration methods), sensitive but not successful 
for quantitative estimation (as the Bettendorf method), or laborious 
and cumbersome (as the Marsh method). 

In general, these procedures depend upon the separation of arsenic 
in some form. For example, arsenic is distilled as AsCla, and then 
titrated. In the Gutzeit process it is liberated in the form of arsine, 
AsH3, which is made to react and produce a stain on HgBr2 paper. 
Consistent results in the latter case can only be obtained after con-
siderable experience. Nevertheless, this method is still widely used 
because of its simplicity. Certain modifications in the Gutzeit process 
have been proposed, such as the replacement of paper strips by paper 
discs or threlld, or the use of constant-area zinc pellets for the genera-
tion of hydrogen at a constant rate. The method used in this study 
is essentially that of Jacobs and Nagler (1942). 

Apparatus. The apparatus (Fig. 3) consists of the usual Gutze1t 
generator, a tube to remove impurities, and an absorption tube filled 

1 ContributioDB from the Scripps lDBtitution of Oceanography, New Series, No. 360. 
2 Home address: Alexandria Hydrobiological lDBtitute, Alexandria, Egypt. 
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with glass beads and NaOBr solution, in which the arsine is taken up 
and oxidized. 

Reagents. Sodium Hypobromite Solution. The stock (saturated) 
solution consists of 2 ml. of bromine in water. For use, this is diluted 
with an equal volume of water, and to the half-saturated solution is 
added 0.5-N NaOH in the proportion of 1 : 3. 

Ammonium Molybdate Solution: Dissolve 25 g. of ammonium 
molybdate in 300 ml. of water. Dilute 75 g. of concentrated H2SO4 
to 200 ml. with water and add it to the ammonium molybdate solution. 

Standard Arsenious Oxide: Dissolve 0.300 g. AB2Oa in 25 ml. of 10% 
NaOH. Make slightly acid with H2SO4 (1 : 6) and dilute with water to 
one liter. Five ml. of this stock solution diluted to one liter gives a 
solution containing 1.5 µg. of As2Oa per ml. 

Hydrazine Sulfate Solution: Dilute a saturated solution with water 
(1 : 1). 

Sulfuric Acid Solution: 2-N prepared and standardized in the usual 
way. 

Stannous Chloride: Dissolve 40 g. SnCb.5H2O in 100 ml. HCl (sp. g. 
1.184). 

Zinc: Both 30-mesh C. P. granulated zinc and C. P. zinc shot were 
used. The former needed no activation and gave low recoveries of 
arsenic. Zinc shot, however, was activated by HCl (1 : 3), to which 2 
ml. of SnCh solution was added. 

Method. To the sample3 were added 4 ml. of concentrated HCl, 2 
ml. of concentrated H2SO4, and 10 to 15 g. of activated zinc shot. 
Three ml. of NaOBr solution was put in the absorption tube. The 
generator was immersed in a water bath at 20-25° C. to insure an even 
rate of hydrogen evolution, and the gases were allowed to evolve for 
at least two hours. The time and rate of hydrogen evolution are 
exceedingly important and experience is necessary to insure complete 
recovery of arsenic. 

The NaOBr solution was then transferred to a 25-ml. glass-stoppered 
measuring cylinder. The tube was washed with six 2-ml. portions of 
distilled water. Five ml. of 2-N H2SO4, one ml. of ammonium molyb-
date reagent, and one ml. of hydrazine sulfate solution were added and 
the total volume made up to 25 ml. with water. The color was al-
lowed to develop for one-half hour, after which it was measured in the 
spectrophotometer. (A Bausch and Lomb instrument was used.) 

Eighteen standard solutions were prepared, containing from 9.75 to 

1 At least 500 ml. of the water is evaporated down to a quantity suitable for use in 
the generator. Separation of solid is not disturbing. 



1948) Gorgy, Rakestraw and Fox: Arsenic in the Sea 25 

40 mg. of As2Os per cubic meter. These were put through the fore-
going procedure and the spectrophotometer readings (d) were plotted 
against As concentration. A linear relation was found from which all 
subsequent values were derived. 

The maximum absorption of the color of the reduced arseno-
molybdic acid is known to be in the infrared at a wavelength of 840 
millimicrons. Since this range is invisible to the human eye, the near-
est and clearest band was found to be at 700 millimicrons, which was 
used for all the readings. 

The blank had an almost imperceptible greenish blue color which, 
when measured against pure distilled water, gave a density reading of 
0.08. The blank was used in the spectrophotometer as the comparison 
liquid. 

The modified Gutzeit procedure just described will determine only 
arsenite, or trivalent arsenic (Asm). It is necessary to reduce arsenate, 
or pentavalent arsenic (Asv) before it can be determined by this 
method. 

Solutions were prepared containing varying amounts of Asrn and 
Asv in 1.9% NaCl solution and three methods of reduction were tried, 
as follows: 

(a) After adding 0.5 ml. of 3-N H2SO4 and 0.4 g. of NaHSO3, the 
solution was heated to 70° C. for 60 minutes, followed by two minutes 
of boiling to remove SO2. 

(b) Boiling for three minutes after adding one ml. of 50% KI solu-
tion and one ml. of 40% SnCb solution (in cone. HCl). 

(c) Boiling for two minutes after adding 2 ml. of a solution of 17 g. 
KCl, 4 g. KBr and 5 g. hydrazine sulfate in 100 ml. 

From Table I, which shows the results in terms of arsenic added and 
recovered, it may be seen that method (a) is the most satisfactory. 

TABLE !.-EFFECTIVENESS OF DIFFERENT MisTHODS FOR REDUCTION OF 

ARSENATE (Asv) 

Arsenic added--~ ~ReC<YVered by reduction method-... 

(µg.) (µg.) 
AsIII Asv Total (a) (b) (c) 

20 20 20.5 8 .0 10.0 
5 15 20 21.0 10.5 13.5 

10 10 20 19.5 15.0 14.0 
15 5 20 20.0 16.5 19.0 

Total Arsenic. For the determination of total arsenic, both inor-
ganic and organic, a method of oxidizing or "wet-ashing" was devised. 
Like the similar method for total phosphorus, this depends upon the 
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assumption that vigorous oxidation destroys all organic matter and 
that the increased amount of inorganic arsenic found thereafter repre-
sents that which was previously combined in organic form and which 
was not previously revealed by the Gutzeit procedure. It must be 
kept in mind, however, that this assumption is not certain; for example, 
there may be resistant inorganic forms of arsenic- ionic or colloidal 
complexes-which are not thus brought within the scope of the 
analysis. 

A measured sample of the sea water (about 750 ml.) was evaporated 
on a water bath to about 100 ml. After adding 10 ml. of 30% H2O2 
and 5 ml. of cone. H2SO4, it was further concentrated to half the 
volume. It was then transferred to a Kjeldahl flask, and the dish 
washed twice with 2.5-ml. portions of H2O2. The flask was cautiously 
heated until gas evolution stopped, whereupon 2 ml. of cone. HNOa 
was added and the heating continued. At intervals of 10 or 15 min-
utes, two 5-ml. portions of H2O2 were added and the flask finally 
brought to vigorous boiling until the excess H2O2 was entirely decom-
posed. 

The resulting arsenate was reduced with NaHSO3 as previously 
described and arsenic determined by the modified Gutzeit method and 
the spectrophotometer. 

TABLE 11.-VERTICAL DISTRIBUTION OF ARSENIC 

Station 9. Longitude: 119° 26.5' W. Latitude: 33° 0.5' N. 

Depth Arsenite-As Total As Asrn/Total As 
(m.) (µg. at./L) (µg. at./L) (%) 

0 .16 .28 58 
10 .20 .32 62 
25 .25 .41 60 
50 .15 .25 58 
75 .11 .19 55 

100 .13 .23 56 
150 .19 .32 57 
200 .16 .29 56 
250 .16 .28 55 
300 .12 .23 53 
400 .20 .37 52 
500 .19 .33 56 
600 .13 .27 50 
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TABLE III.-VERTICAL DISTRIBUTION OF ARSENIC 

Station 11. Longitude: 118° 48.7' W. Latitude: 33° 28' N. 

Depth 
(m.) 

0 
10 
25 
50 
75 

100 
150 
200 
250 
300 
400 
500 
600 

Arsenite-As Total As ABIII/Total AB 
(µg. at./L) (µg. at./L) (%) 

.28 

.32 

.25 

.23 

.27 

.25 

.24 

.17 

.19 

.19 

.23 

.19 

.27 

.49 

.52 

.43 

.39 

.45 

.43 

.44 

.33 

.36 

.33 

.44 

.35 

.53 

57 
61 
60 
59 
59 
60 
56 
54 
54 
56 
52 
54 
50 

TABLE IV.-VERTICAL DISTRIBUTION OF ARSENIC 

Station 16. Longitude: 118° 42' W. Latitude: 32° 19' N. 

27 

Depth Arsenite-As Total As AsIII/Total As 

(m.) (µg. at./L) (µg. at./L) (%) 

0 .29 .48 62 

10 .33 .59 57 

25 .27 .48 60 

50 .27 .45 58 

75 .25 .43 59 

100 .20 .37 55 

150 .21 .40 56 

200 .21 .41 54 

250 .19 .37 52 

300 .19 .37 52 

400 .25 .48 52 

500 .20 .41 50 

600 .23 .48 48 
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TABLE v.-VERT1cAL D1sTRIBUTION oF ARsEN1c 

Station 31. Longitude: 118° 06' W. Latitude: 33° 20' N. 

Depth Arsenite-As Total As AsIII/Total As 

(m.) (µg. at./L) (µg. at./L) (%) 
0 .20 .32 61 

10 .25 .44 58 
20 .17 .28 60 
30 .27 .44 60 
40 .24 .41 57 
60 .23 .40 57 

100 .16 .29 54 
150 .19 .32 55 
200 .12 .23 53 
300 .13 .25 52 
400 .19 .36 52 
500 .17 .35 50 

DISTRIBUTION OF ARSENIC IN SEA WATER 

Arsenite-As and total arsenic were determined in water from dif-
ferent depths at four stations, as shown in Tables II, III, IV, and V. 
Values are given in microgram atoms of As per liter. The results for 
arsenite-As corroborate, in general, the earlier recorded analyses. 
There seems to be a slight tendency toward concentration in the upper 
levels, as well as a definitely higher ratio of arsenite to total arsenic. 

Water from one station was used to determine the partition of arsenic 
among the four forms: a.rsenite, arsenate, particulate arsenic and dis-
solved organic arsenic. Results are shown in Table VI. 

TABLE VI.-DISTRIBUTION AND PARTITION OF ARSENIC IN A WATER-COLUMN AT 

Station 28. Longitude: 121 ° 23.5' W. Latitude: 33° 5' N. 

Figures are in microgram atoms per liter 

1 2 2-1 3 4 4-2 3+4 5 
Depth ~-lnorgani~ Parti- Fil- Dis- ~Total As~ AslII 
(m.) culate trate solved Total 

AsIII Total Asv Organic Sum Direct (%) 
0-25 .32 .39 .07 .08 .48 .09 .56 .53 60 

50-100 .27 .31 .04 .03 .45 .15 .48 .48 56 
150-250 .21 .27 .05 .05 .33 .07 .38 .40 53 
300-500 .23 .25 .03 .01 .43 .07 .44 .43 53 

In or~er to obtain sufficient water for the analysis, it was necessary 
to combme samples from adjacent depths and thus to divide the water 
column into four levels: 0-25 meters, 50-100 meters, 150-250 meters, 



1948] (; orgy, Rakestraw and Fox: Arsenic in the Sea 29 

300-500 meters. Five analyses were made on each composite sample 
shown in columns 1 to 5 in Table VI. ' 

1. The simple method on the raw water (showing Asm). 
2. The simple method after reduction (showing Asm + Asv). 
3. After oxidation of the suspended matter in a filtered sample 

(showing particulate arsenic). 
4. After oxidation of the filtrate from operation 3 (showing Asm + 

As v + dissolved organic arsenic). 
5. After oxidation of the raw water (showing total of all forms of As). 

Arsenate-As is obtained by subtracting 1 from 2; dissolved organic 
As by subtracting 2 from 4. All values are given in microgram atoms 
per liter. 

It will be noted that about 55% of the total arsenic is present as 
arsenite, about 10% as arsenate, 10% as particulate a·rsenic, and 25% 
as dissolved organic arsenic. 

It is well known that arsenate interferes with the determination of 
phosphate, increasing the apparent phosphate concentration propor-
tionally. However, the extent of this interference is apparently 
negligible in most cases. 

ARSENIC CONTENT OF SOME MARINE ANIMALS 
AND PLANTS 

It is well known that marine organisms contain arsenic. The precise 
part, if any, played by it in their metabolism is uncertain, but it is 
possible that arsenic enters into the vital activities of the cell. 

As a first step, the following marine specimens were analyzed for 
arsenic: Octopus bimaculatus ( two-spotted octopus), M ytilus edulis 
(mussel), Pisoster ochraceus (ochre sea-star), M acrocystis pyrifera 
(brown kelp). 

The samples were dried in an electric oven overnight at 110° C. A 
known weight was then transferred to a Kjeldahl flask, a 25-ml. 
mixture of HNO3 and H2SO4 (1 : 1) was carefully added, and the flask 
slowly heated to foaming. Nitric acid was then added. The rate of 
addition depended upon the color of the solution, which was not al-
lowed to tum brown. The digestion was continued with the addition 
of HNO3 until the solution was water-clear. Heating was continued 
for an hour longer in order to destroy completely all the organic 
nitrogen compounds and to complete the removal of all traces of nitric 
acid. Wet ashing required a long time, especially in the case of the 
sea mussel and the digestive glands of the starfish; to hasten the process 
perchloric acid was added when most of the organic material was 



30 Journal of Marine Research [VII, 1 

oxidized. Care was taken to maintain a constant oxidizing condition 
and to avoid charring, in order to prevent the reduction of pentavalent 
arsenic, which is generally more easily volatilized. 

Arsenate was reduced by heating at about 70° C. with 0.4 g. of 
NaHSO3 for 60 minutes. The solution was then boiled to expel SO2, 
An aliquot was withdrawn, arsine evolved, the color reaction carried 
out, and arsenic determined with the spectrophotometer. The results 
are shown in Table VII. 

TABLE VIL-ARSENIC CONTENT OF MARINE ORGANISMS 

Specimen 

Octopus bimaculatus 
(tentacles) 

M ytilus edulis 
Pisoster ochraceus 
M acrocystis pyrifera 

Arsenic (mg./kg.) 

0 .121 (wet weight) 

0. 085 (wet weight) 
1. 26 (dry weight) 

17. 3 (dry weight) 

With such a high arsenic content (17 .3 mg./kg. dry weight) Macro-
cysiis pyr~fera is concentrating arsenic as much as 1000 times the con-
centration of this element in the sea. 

Sea anemones, which originally contained 6.6 mg. of As per kg. dry 
weight, were kept in two aquaria, to which increasing amounts of 
arsenite and arsenate, respectively, were added from time to time. 
Individual organisms were removed occasionally for analysis. The 
concentration of arsenic increased more rapidly in those exposed to 
arsenite. All animals died after exposure to concentrations up to 
90 µ.g. of Asm per liter, at which point they contained 21.2 mg. of As 
per kg. dry weight. Animals exposed to concentrations of arsenate 
up to 160 µ.g. of Asv per liter were still alive and contained but 10 mg. 
of As per kg. 

Anemones which had died from exposure to arsenite, as just de-
scribed, were dried and found to contain 21.1 mg. of As per kg., which 
was distributed as follows: 91 % in the protein fraction (88% being 
hydrolyzable), 1 % in the lipid fraction, and 7% soluble inorganic 
arsenic. These results must be considered provisional, in view of the 
small amount of material dealt with. 

SUMMARY 

1. A modified and improved method for determination of arsenic is 
described. 

2. The total arsenic present in sea water was found in amounts from 
0.2 to 0.5 microgram atoms per liter. Of this, from 50 to 60% is in 
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the form of arsenite, and from 8 to 16% each of arsenate, dissolved 
organic arsenic, and arsenic in the suspended particulate matter. The 
relative proportion of arsenite was perhaps slightly greater in the upper 
levels. 

3. The arsenic content of five marine organisms was determined 
(brown kelp, mussel, sea-star, two-spotted octopus, and sea anemone). 

4. The sea anemone was found to tolerate larger concentrations of 
arsenate than of arsenite. Ninety per cent of the arsenic absorbed 
from high concentrations was found associated with protein. 
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