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THE DETERMINATION AND OCCURRENCE OF 
ALUMINUM IN SEA WATER 

HELMUT M. H AENDLER AND THOMAS G. THOMPSO 

Oceanographic Laboratories, Univ(fl" .~ty of Washington* 

The presence of aluminum ions in sea water has long been an accepted 
fact, but there are few figures available on the concentrations in which the 
element exists and in particular under varying conditions. Thompson and 
Robinson (7) report certain results of analyses in which no attempt was 
made to prevent contamination of the samples with dissolved material from 
the bottles in which they were stored. The approximate concentration re-
ported was 0.07 milligram atom per liter (1.90 mg.), a figure found to be in 
excess of the concentrations in samples which had been stored in bottles 
coated internally with paraffin . 

It has been suggested that some of the aluminum in sea water is present in 
the form of organic complexes, and thus requires decomposition before 
ordinary analytical methods are adaptable. The variation, however, be-
tween values obtained directly and by wet combustion is quite small , 
indicating that most of the aluminum is probably present in the ionic form. 
By precipitation with 8-quinolinol (oxine) in neutral or sli ghtly acid solu-
tion, interference by other elements in sea water is avoided. 

The method employed was a modification of the colorimetri c method of 
Alten, Weiland, and Loofman (1), using a Bausch and Lomb niversal 
spectrophotometer for the color comparison, thus limi ting the error caused 
by visual peculiarities of the observer. A comparison of several suggested 
reagents was made before this method was adopted. Alizarin S, first pro-
posed by Atack (2) was unsati sfactory. Cupferron (3) would be better 
suited to nephelometric analysis, although settling is quite rapid. Aluminon, 
most commonly used, required too careful control of conditions for use with 
sea water. Furthermore, iron is a disturbing factor, and the aluminum must 
be determined by an indirect analysis. Morin (5) might be used in fluore -
cence analysis but light transmission varies insuffi cient ly. Kolthoff (4) 
suggests quinali zarin, but standard and sample must be run simultaneou ly, 
a process usually unnecessary in spectrophotometri c work. There is also 
considerable tendency for the reagent itself to precipitate. 

8-Quinolinol, 8-hydroxyquinoline, or oxine, precipitates aluminum as 
Al(C9l-110N)3 from solutions of pH 4.2-9.8. Calcium and ma.crne ium will 
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precipitate at a pH above 8.2, and by regulation of the pll to 6-7, the inter-
fering effect of these ions is negligible. Moderate amounts of aluminum can 
be determined by direct weighing of the complex, but for amounts such as 
are present in sea water, the colorimetric method (1) is better. The precipi-
tated aluminum compound is dissolved in alcohol-HCl mixture and coupled 
with diazotised sulfanilic acid. The color which is developed with NaOll 
solution, follows Beer's Law, is stable for at least four hours, and is readily 
compared with a blank. As little as 0.002 mg. of aluminum gives a definite 
color reaction, although the errors involved in analysis of such small samples 
are much greater than more moderate amounts. It was necessary to use 
small samples of water as larger amounts give incomplete precipitation, 
and attempts to concentrate the sea water by radiant surface evaporation, 
with subsequent removal of the precipitating salts, gave low results. The 
results were about 0.01 mg. at./1. lower than samples analyzed directly. 

REAGENTS 

Oxine solution.-! g. of the oxine is triturated with 1 ml. of glacial acetic 
acid and poured into 100 ml. boiling water. The solution is kept at boiling 
temperature with frequent stirring until the reagent has dissolved. The 
solution is then cooled and filtered. 

Sodium acetate solution.-A saturated solution is prepared at about 50° 
and permitted to cool. The solution is kept in contact with excess solid 
sodium acetate. 

Solvent.-Equal volumes of 2-normal HCl and 95% ethyl alcohol. 
Sulfani lic acid.-8.6 g. are dissolved with warming in 1000 ml. of 30% 

acetic acid. 
Sodium nitrit e.-2.85 g. per 1000 ml. water. 
Sodium hydroxide.-80 g. per 950 ml. water. 
Impurities in the reagents should, of course, be avoided. Very small 

amounts can safely be compensated for in the calibration of the spectro-
photometer with the standard solution and by comparison with the blank. 
The solutions are stored in paraffined bottles. 

STANDARD 

0.4397 g. of potassium aluminum sulfate is dissolved in water and made up 
to 1000 ml. 1 ml. of this solution contains 0.025 mg., equivalent to 0.00092 
mg. at., of aluminum and is diluted to 5-~0 ml. vo~ume for us~ as standa:d. 
The extinction co-efficient of the standard 1s determmed for use m calculatmg 
the values of subsequent analyses. 
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METHOD 

The sea water sample is fi ltered through a Whatman No. 42 paper, and 
10 ml. of the fi l trate are pipetted into a Pyrex test tube. The sample is 
made faintly acid with l : 4 ; acet ic acid : water (two drops usuall y enough), 
and 0.6 ml. of saturated sodium acetate solut ion added, fo ll owed by 0.25-
0.50 ml. of the oxine reagent. The solut ions are mixed by in version and 
all owed to stand for 12 hours at room temperature. The t ube is then placed 
in a water bath maintained at 70° for 30 minutes, after which the liquid is 
fil tered through a medium-grained fi lter sti ck and the precipitate washed 
wi th successive small portions of boili ng water. After washing, the fil ter 
st ick is disconnected from the suction, and the sides of the precipitation 
tube are washed down with 2 ml. of alcohol-HCl mixture. The tube and 
filt er sti ck are heated at 70° unti l the precipitate has completely dissolved, 
and the solut ion is then sucked through the fi lter sti ck which has not been 
removed from the test tube, into a 50 ml. volumetric fl ask. The test tube 
and sti ck are washed thoroughly with hot water which is also sucked through 
the stick into the fl ask. To the solut ion in the fl ask is added 1 ml. of su1-
fanili c acid solution and 1 ml. of sodium nitrite solution. The fl a k is al-
lowed to stand for 10 minutes and 10 ml. of sodium hydroxide solution then 
added. The solution is made up to volume and after 10 minutes is trans-
ferred to the spectrophotometer tube and compared with a blank, prepared 
from the alcohol mixture, sulfanili c acid, sodium nitri te, and odium hy-
droxide. If the aluminum concentration is too high, an aliquot i taken. 

The solut ions may also be compared on the colorimeter, preferably using 
a color filt er. Nessler tubes are inconvenient as permanent standard olu-
ti ons are not possible. 

THE OCCURRENCE OF ALUMIN UM 

During the peri od of May 5, 1936, to May 5, 1937, surface samples of 
water were coll ected for the authors by Dr. Lyman Phifer in paraffined 
bottles from San Juan Channel from the observation pier of the fi eld labora-
tories at Friday Harbor, Washington. Samples were taken at high tide 
every fi ve days. Table I shows the average monthly concentration of 
aluminum together with the maximum and minimum Yalues found each 
month. The monthly averages show the general seasonal trend more ac-
curately than the other data which flu ctuates considerably. 

There appears to be but a sli ght vari at ion in the seasonal sample which 
are somewhat lower than the deep sea samples discu ed later. The early 
spring months seem to give samples containing a larger amount of aluminum, 
possibly due to the leaching of suspended mattel' brought do,vn by the 
ri vers durin g the spring freshets. The wider variati on between indiYidual 
sa mple::; at that ti ,nc of year abo appear:; to support thi ::; ·tatcmcnl. 
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The aluminum content of samples taken on August 27, 1936, in the 
Northeast Pacifi c Ocean off Cape Flattery from 50- 100 miles off the con-
tinental shelf , were also determined. The results are shown in Table II . 

The values obtained vary, increasing with depth wi th indications of 
maximum aluminum at 900 to 1000 meters. Below these depths the con-
centration decreases and as the bottom is approached increases again. This 
fact has also been observed in the case of iron as reported by Thompson 
and Bremner (6) and corresponds to the region of low oxygen values re-
ported by Thompson, Thomas and Barnes (8). 

Attempts were made to determine beryllium. The results in general 
were negati ve due to the lack of a sufficiently sensiti ve method. 

SUMMARY 

The concentration of aluminum in sea water has been determined. 
The concentration of aluminum in sea water averages, for all samples, 

seasonal and depth, 0.020 mg. at ./1., or 0.54 mg. 
The monthly averages show a slight tendency to higher values in the 

early spring months and extending into June. 
The concentration of aluminum varies with depth, there being a slight 

increase in the region approaching 1000 m., that region in which high iron 
and low oxygen values were also found. 

TABLE I 

SEASONAL V ARlAT IONS I N ALUMINUM CONTENT OF SEA WATER I N 
SAN J U AN CHANNEL 

Milligra m Atoms p er Liter 

1936 Average M aximum Minimum 

May 0.016 0.021 0 .012 
June .014 .024 .009 
J uly .013 .024 .006 
August .012 .018 .007 
S eptember .009 .011 .007 
October .008 .010 .006 
N ovember .009 .011 .007 
December .008 .012 .006 

1937 

J anuary .009 .011 .006 
February .009 .011 .007 
M arch .009 .013 .008 
April .012 .016 .008 
May .015 

M ean .011 .015 .007 
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TABL E II 
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CONCENTRATION OF AL UMINUM AT VARIOUS DEPTHS IN THE WATERS OFF Tl:IE 
CONTINENTAL SHELF, NORTHEAST PACIF I C CEAN 

Depth 
Meters 

0 
10 
25 
50 

100 
150 
200 
300 
400 
500 
600 
700 
800 
900 

1000 
1100 
1200 
1500 
2000 

Milligram Atoms per Li ter 

Lat. 48°061 

Long. 126° 30' 
0 .021 

.019 

.016 

.018 

.015 

.027 

.050 

.033 

.021 

.022 

.025 

.043 

.053 

.055 

.056 

.048 

.065 
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