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the Pacific Northwest 

Timothy Joyner 
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ABSTRACT 

The simultaneous spectrophotometric analysis of aluminum and iron with a mixed re-
agent consisting of ferron and orthophenanthroline was used for the determination of these 
elements in particulate matter filtered from seawater. The aluminum associated with sus-
pended clay minerals may be used as a sensitive measure of the distribution of runoff plumes 
in coastal areas. In the coastal waters of Washington and Briti sh Columbia, aluminum-rich 
runoff plumes were enriched also with particulate iron. 

Introduction. The bulk of aluminum, one of the more abundant elements 
in the earth's crust, is present in feldspar rock, where it occurs as alumino-
silicates of alkali and alkaline earth elements. The weathering of these rocks 
brings both aluminum and silicon into solution. Aluminum, however, does not 
generally remain in the weathering solution; it either precipitates to form 
aluminum hydroxide or interacts with dissolved silicon to form crystalline, 
hydrous aluminum-silicate clay minerals. 

In coastal seawater, particulate aluminum consists chiefly of aluminosilicates 
derived from terrigenous clay minerals. Sackett and Arrhenius (1962) proposed 
particulate aluminum as a promising tracer for the mixing of river water and 
seawater in the marginal parts of the ocean. Accordingly, in conjunction with 
an oceanographic study of the Pacific coastal waters off the State of Washington 
and off British Columbia, Canada, by the Bureau of Commercial Fisheries, 
measurements of particulate aluminum were included in the analyses of 
seawater samples collected in the spring of 1963. The purpose of this 
study was to determine whether the influence of runoff water from the 
land could be detected readily from the content of aluminosilicate particles 
in seawater. 
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Figure 1. Location of sampling stations in the spring of 1963. 
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Collection and Preparation of Samples. Seawater was collected in two-liter, 
Van Dom-type sampling bottles (made of polyvinyl chloride) attached to a 
stainless-steel hydrographic wire. The location of each sampling station is 
shown in Fig. 1. Samples were taken at the surface at all stations, and at depth 
intervals at stations along two lines perpendicular to the coast (Fig. 1 ). 

Two lit ers of seawater from each sample were filt ered through a 47-mm 
HA Millipore filter (pore size 0.45 µ). Following filtrati on, each filt er was 
placed in a separate plastic vial for storage. 

Background of .Analyses. Aluminum in water is usually determined by ab-
sorption spectrophotometric measurement of the complexes formed in the 
presence of ammonium aurintricarboxylate (aluminon) or 8-hydroxyquinoline 
(Sandell 1959). In their work on the distribution of aluminum in the ocean, 
Sackett and Arrhenius (1962) used the flu orescence of the aluminum complex 
of Pontachrome Blue-Black R (zinc or sodium salt of 4-sulfo-2-hydroxy-a-
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Figure 2. Absorption of the aluminum and iron complexes formed with a mixed ferron-orthophenan-
throline reagent. 

naphthalene-azo-{1-napthol) to measure both particulate and dissolved alumi-
num. Davenport (1949) reported that ferron (8-hydroxy-7-iodo-5-quinoline-
sulfonic acid), which had been used as a reagent for the determination of iron, 
formed an aluminum complex which absorbed strongly in the near-ultraviolet 
portion of the spectrum. 

Another method, developed by Rainwater and Thatcher ( I 960 ), for the 
simultaneous determination of both aluminum and iron in water is based on 
spectrophotometric measurement of complexes of these elements formed in 
the presence of a mixed reagent containing ferron and 1, 1 o-phenanthroline. 
Fig. 2 shows the absorption peaks for both complexes developed with this 
reagent. Although preliminary experiments indicated that this reagent was 
sufficiently sensitive for quantitative measurements of both elements within 
the ranges to be expected in the particulate fraction from the two-liter seawater 
samples, this method did not provide satisfactory determination of aluminum 
dissolved in seawater. Apparently the aluminum complex was not adequately 
developed in seawater buffered to the recommended pH (ca. 5), possibly as a 
result of interference from other dissolved substances. However, when the 
particulate matter filtered from seawater was fused with sodium carbonate to 
bring the aluminosilicates into solution, the resulting solution could be adjusted 
to pH 5 for the satisfactory determination of both aluminum and iron using 
the ferron-orthophenanthroline reagent. 

With a few minor modifications, the Rainwater-Thatcher technique was 
found to be satisfactory for this study. Although the fluorescence method with 
Pontachrome Blue-Black R is about 3-4 times more sensitive, the modified 
Rainwater-Thatcher technique had several advantages: (i) it did not require 
sensitive fluorimetric equipment, since any good spectrophotometer with a 
tungsten light source and a light path to about 4 cm is adequate; (ii) Beer's 
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Law was obeyed over the range of aluminum and iron concentrations observed 
in the samples (0-150 µg-at/L x 10-2); and (iii) aluminum and iron were 
determined simultaneously. 

Apparatus. Spectrophotometer, Beckman Model DB. 

Al Fe 

Li ght source tungsten tungsten 
Wave length. IDft 370 520 

Reagents. 

Slit width, mm 
Cell path, mm 

Al Fe 

0.5 0.1 
10 and 40 10 and 40 

Metal-free water. Pass once-distilled water through a mixed-bed, ion-
exchange resin column. 

Hydroxylamine-hydrochloride reagent. Dissolve 100g NH2OH·HCl in 
metal-free water. Add 40.0 ml concentrated ( sp. gr. I. 19) H Cl. Add 1.0 g 
BeSO4 • H2O. Dilute to 1.00 L with metal-free water. WARNI N G : Beryl-
lium salts in solution are toxic. Do not pipette this solution by mouth. 

Sodium acetate, 35°/o. Dissolve 350 g of anhydrous Na2C2H3O 2 in metal-
free water and dilute to 1.00 L. 

Ferron-orthophenanthroline mixed reagent. Add 0.5 g ferron and 1.0 g 
orthophenanthroline to 1 .o L of metal-free water. Stir for at least 2 hours 
with a magnetic stirrer encased in polyethylene. If there are any solids left 
undissolved, let them settle out and decant the supernate for use. 

Aluminum stock solution (1 mg-at/L Al +++). Di ssolve 0.474 g AlK(SO4)2 
· 12H2O in metal-free water. Add 0.5 ml CHC13 and dilute to 1000 ml with 
metal-free water. 

Aluminum standard soluti on (0.1 µg-at Al +++/ml). Dilute aluminum stock 
solution 1: 1 o with metal-free water. 

Iron stock solution (2 mg-at/L Fe). Rinse some analytical-grade iron wire 
in dilute HCI. Dry and weigh out 0.11 2 g. Di ssolve in a minimum of dilute 
HCl and dilute to 1000 ml with metal-free water. 

Iron standard soluti on (0.1 µg-at Fe/ml) . Dilute iron stock solution 1: 20 
with metal-free water. 

Procedure. Ash the filt er containing the aluminosili cate material in a plati-
num cruicible. Fuse the clean, white ash with 1.7 g N a2CO3; cool and add 
3 ml of metal-free water followed by the dropwise addition of 1.0 ml of con-
centrated H2SO3• CAUTION: Cover the crucible with its platinum lid, 
leaving only enough room for the tip of the pipette as the H2SO4 is added. 
After the bubbling ceases, add enough metal-free water to dissolve the flux 
completely. Wash the inside of the platinum lid with metal- free water and add 
the washings to the crucible content. 
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Transfer the contents of the crucible to a polyethylene graduated cylinder 
and make up to 20.0 ml with metal-free water. Add 2.0 ml of NH2OH · HCl 
and let stand for 30 minutes to reduce any ferric iron. 

Add 7 .o ml of sodium acetate buffer followed by 5.0 ml ferron-ortho-
phenanthroline solution. Mix and let stand for at least Io minutes. Measure 
the absorbance at 370 and 520 mµ against a reagent blank. 

Prepare calibration curves by combining standards of both elements in the 
range 0-2.5 µ.g-at with the reagents in the sequence and in the proportions 
described above. Measure the iron-phenanthroline complex at 520 and 370 mµ 
and the aluminum-ferron complex at 370 mµ. Typical calibration curves are 
shown in Figs. 3 and 4. In the determination for aluminum, subtract the 
absorbance due to iron at 370 mµ. 

Sensitivity and Precision. The spectrophotometric sens1t1V1ty (for 0.001 
absorbance), calculated from molar extinction coefficients, is 0.0044 µg/cm2 

for aluminum and 0.0059 µg/cm2 for iron. With a 4-cm cell, the limit of 
detectability is about o.oo 1 µg-at for both elements. 

The spectrophotometric sensitivity based on molar extinction coefficients 
does not take into account the effect of variability in sample preparation and 
measurement. A more realistic estimate of effective sensitivity was obtained 
from the precision of the method. The precision, P, at the 1 .oo-µg-at level 
was determined from the standard deviation (s) about the mean of 11 replicate 
samples. P = ± t .o5 · (s/n½), where P = precision at the 95°/o confidence level. 

For the 11 replicate samples, the values of P were ± 0.02 and ± o.o 1 µg-at 
for Al and Fe, respectively. 

Interference. A number of cations give positive interference in the measure-
ment of the aluminum-ferron complex. In his initial investigation of the ab-
sorption of this complex in the near ultraviolet, Davenport ( 1949) showed 
that, generally, these cations form hydroxyquinolates in slightly acid media. 
Iron is the principal source of interference, but since it is determined in the 
analytical procedure, the aluminum determinations are readily corrected for 
its effects. Fluoride has also been shown to interfere. Rainwater and Thatcher 
( I 960) regarded only lead, cobalt, manganese, and fluoride as being capable of 
contributing significant interference in the analysis, if they are present in the 
sample in at least equal proportions with aluminum. Fluoride is a common 
constituent of clay minerals, in which it substitutes for OH-groups. The 
maximum proportion of fluoride in these minerals is about 4 °/0 whereas alumina 
generally comprises from 20°/o to 40°/o (Rankama and Sahama 1950). L ead, 
cobalt, and manganese occur as trace constituents in aluminosilicate clay 
minerals. Since manganese is sometimes present in seawater as oxide particles 
(Harvey 1960, Sill en 196 I) and is also concentrated by marine organisms 
(Noddack and Noddack 1939), analyses for this element were conducted on 
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Figure 5. Distribution of particulate aluminum in the spring of 1963 at the surface and along vertical 
sections in coastal waters of the Pacific Northwest. Contours in µg-at Al/Lx 10-2. Depth 
in meters. Concentrations of particulate aluminum with depth for§§ r and 2 are shown 
in the inserts on the left. 

a representative portion of the samples following the aluminum-iron analysis. 
In all cases, the manganese level was insignificant or below the level of de-
tection for the amount of sample. In the application of this method to the 
analysis of particulate aluminum in seawater, therefore, interference from these 
sources should be negligible. 

Results and Discussion. Particulate aluminum and iron were determined 
for two-liter samples of seawater collected off the coasts of Washington state 
and of British Columbia, Canada, in the spring of 1963. The concentration 
gradients at the surface for aluminum and iron, respectively, are indicated by 
the contours in Figs. 5 and 6. The concentrations of aluminum and iron for 
each water sample analyzed are shown in Table I. 

The presence, in the coastal region, of distinct plumes of water rich in 
particulate aluminum is clearly indicated in Fig. 5. The Columbia River plume 
is clearly shown; the high values at I oo m and below in section I of Fig. 5 
at 1 25° 2o'W suggest transport at depth of particulate aluminum northward 
and westward from the Columbia River. The high surface concentration off 
Cape Cook near the northwestern extremity of Vancouver Island suggests a 
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TABLE I. CONCENTRATION OF ALUMINUM AND !RON IN THE SPRING OF 1963 IN 

THE COASTAL WATERS OF THE PACIFIC NORTHWEST. VALUES GIVEN IN µG-AT/ 
L x 10- 2

• 

Stat. Depth 
Fe 

Stat. Depth 
Al Fe Al 

No. m No. m 

1 0 42 10 24 100 2 2 
3 0 23 25 24 300 20 2 
4 0 56 22 24 1800 JO I 
5 0 130 76 25 0 2 8 
6 0 28 37 26 0 4 8 
7 0 12 20 28 0 11 6 
8 0 6 2 29 0 34 10 

JO 0 2 21 30 0 35 12 
12 0 6 11 31 0 68 24 
12 30 33 0 55 18 
13 0 2 4 34 0 21 3 
14 0 5 4 36 0 20 JO 
15 0 5 l 38 0 4 
17 0 6 5 39 0 4 12 
18 0 63 12 41 0 10 25 
19 0 14 16 42 0 20 22 
19 30 16 0 43 0 26 18 
20 0 4 8 43 30 42 0 
21 0 6 9 44 0 28 4 
21 30 3 2 44 30 6 I 
21 60 37 0 44 60 7 0 
21 JOO 11 I 44 100 14 I 
21 300 9 1 45 0 34 23 
21 900 8 2 46 0 22 12 
22 0 2 8 46 30 10 0 
22 30 4 2 46 60 12 0 
22 60 I I 46 100 60 0 
22 100 0 2 46 300 62 0 
22 300 4 2 46 1500 12 I 
22 1800 137 20 47 0 4 8 
23 0 12 4 47 30 6 
23 30 9 3 47 60 5 1 
23 60 2 5 47 JOO 9 0 
23 100 32 I 47 300 9 0 
23 300 10 0 47 1500 4 2 
23 1500 14 3 48 0 JO 2 
24 0 8 2 49 0 152 158 
24 30 I I so 0 150 140 
24 60 5 2 51 0 154 133 

southward extension of a plume of runoff water from Queen Charlotte Sound. 
The range of values between o and 1 50 µg-at/L x I 0-2 demonstrates that the 
level of particulate aluminum in the sea may be used as a tracer for runoff water. 

The dilution of seawater by coastal runoff was resolved with much greater 
sensitivity by means of aluminum analyses than with salinity data in 1963-
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Figure 6. Distribution of particulate iron in the spring of 1963 at the surface in coastal waters of 

the Pacific Northwest. Contours in µg-at Fe/L x 10-2. 

However, from data obtained in 1958 and 1959 over a considerably larger area, 
Favorite ( 1961) was able to define distinct plumes of low-salinity water ex-
tending seaward from Queen Charlotte Sound and from the Strait of Juan 
de Fuca. It appears, therefore, that measurement of particulate aluminum 
would prove useful in defining more precisely the distribution of dilute coastal 
water in the ocean. 

The similarity in the surface distribution of aluminum and iron (Figs. 5, 6) 
indicates the association, in this region, of high concentrations of particulate 
iron in the presence of aluminum-rich plumes of runoff water. The fallout of 
aluminum from these plumes is indicated in Table I by its distribution with 
depth. On the other hand, it appears from Table I that iron persists near the 
surface and does not fall out to any appreciable extent, possibly as a result of 
its utilization by the plankton. 
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