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Abstract 

The determination of aluminum in water samples is performed 
with capillary electrophoresis after a convenient preconcentration 
procedure involving simple evaporation and subsequent filtration. 
By using a fluorescence detector, a detection limit lower than 
20 μ/L aluminum is readily obtained. Only one peak from the 
aluminum-lumogallion complex is observed, which indicates the 
elimination of interference from foreign ions and lumogallion. 

analytical chemists to exploit the high separation efficiency and 
instrumental simplicity for environmental analysis (15,16). 
However, to our knowledge, there has been no report to date on 
the determination of trace levels of aluminum in water by cap
illary electrophoresis (CE). In this paper, the determination of 
aluminum in water samples was performed by detection of 
the fluorescence from aluminum-lumogallion complex after it 
had been separated from potential interferences by using CE. 
The results were quite close to those obtained by using induc
tively coupled plasma-mass spectrophotometry (ICP-MS). 

Introduction 

Although aluminum was thought to be relatively harmless, 
evidence is increasingly implicating it in human disorders. 
Moreover, aluminum can be leached from sediments and soils 
and can pass into groundwater and surface water. Aluminum is 
also believed to be toxic to fish, other aquatic organisms, and 
several plant species (1). Due to its low solubility, the typical 
levels for aluminum concentration in natural waters are only 
0.5-10 μg/L in sea water (2) and 10-400 μg/L in fresh and 
river water (3-5). With such a low concentration in natural 
water, sensitive analytical procedures are needed. A heated 
graphite furnace can be used because of its high sensitivity 
down to a few micrograms per liter (6) and relatively interfer
ence-free characteristics. One of the drawbacks of this method 
is that chloride causes low recoveries because of the volatility 
of aluminum chloride. Other sensitive techniques that have 
been proposed for the determination of aluminum include 
fluorometric (7-9) and electroanalytical (10-13) methods. 
However, electroanalytical methods are not widely applicable 
due to their lack of suitable electrophores. Lumogallion fluo
rometric analysis has gained widespread acceptance because of 
its high sensitivity and fewer interferences from foreign ions 
and other substances. Lumogallion was initially applied to 
aluminum complexation in 1968, and methods were then 
proposed for the determination of aluminum in sea water (14). 

In recent years, there has been growing interest among 

* Author to whom correspondence should be addressed. 

Experimental 

Apparatus 
A fused-silica capillary (50-cm effective length, 50-pm i.d.) 

obtained from Polymicro Technologies (Phoenix, AZ) was used 
for the separation. Detection of aluminum was carried out on 
a Shimadzu (Kyoto, Japan) model RF-535 fluorescence 
detector. A Shimadzu model RF-5000 spectrofluorophotometer 
was used to measure the fluorescence spectra. The detector 
cells were modified as follows: the on-column microfluores-
cence flow cell was fabricated by replacing the quartz cell with 
a separating capillary tube. A section of the polyimide coating 
on the capillary (approximately 5 mm) was removed to form 
the detection windows. A high-voltage power supply capable of 
delivering up to 15 kV was used. An ASO-1601 data acquisition 
system (Kenda, Singapore) was used to record the electro-
phoregrams on an IBM-compatible computer. For comparison 
of the results, a Perkin-Elmer Elan 5000 ICP-MS was used 
under the following operating parameters: RF power, 1.0 kW; 
plasma gas flow rate, 14.0 L/min; auxiliary gas flow rate, 0.80 
L/min; sampling gas flow rate, 0.83 L/min; peristaltic pump 
flow rate, 1.0 mL/min. 

Chemicals 
All chemicals were of analytical-reagent grade or better. The 

stock solution of aluminum (1000 ppm) was prepared by 
dissolving KA1(SO4)2-12H2O (Fisher Scientific, Fair Lawn, NJ) 
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into water. Lumogallion (formula weight = 344.73) (TCI, Tokyo, 
Japan) was prepared as a 0.1% solution in Millipore (Molsheim, 
France) water. Buffer solutions were prepared by mixing HAc 
with NH4Ac to give a final concentration of 40mM HAc and 
lOmM NH4Ac. The pH of the buffer was 4.0. 

The sample solution was introduced manually by gravity 
feed. This was carried out by placing the tip of the capillary at 
the high-potential end in a sample vial at a height 15 cm 
higher than the buffer reservoir. The time for each injection 
was 10 s. 

Methods 
To one of four 5-mL volumetric flasks, 0.25 mL lumogallion 

(1000 ppm) and 0.2 mL sample were added. To each of the rest 

of the volumetric flask, the above solutions and different 
amounts of standard aluminum solutions were introduced. 
Then the four volumetric flasks were filled with buffer to the 
mark, heated in boiling water for 15 min, and then allowed to 
cool down. The capillary was rinsed with buffer for 15 min by 
applying a pressure of 2 bar. The detector was allowed to warm 
up for 30 min before use. The excitation wavelength was set to 
491 nm, and the emission wavelength was set to 576 nm. After 
sample introduction, the high-voltage power supply was turned 
on, and at the same time, the computer was started to record 
the chromotogram. 

Results and Discussion 

Figure 1. Chromotograms of the aluminum-lumogallion complex with variable aluminum concentrations. 
Lumogallion, 50 ppm; aluminum, (A) 0 ppb, (B) 200 ppb, (C) 400 ppb, and (D) 1000 ppb. Capillary inner 
diameter, 75 μm; buffer, pH 4.0 (40mM HAc, 10mM NH4Ac); voltage, 15 kV; excitation wavelength, 491 nm; 
emission wavelength, 576 nm; sampling time, 10 s. Intensity is in relative units. 

Figure 1 shows electrophoregrams 
of the sample solution containing 
lumogallion and variable aluminum 
concentrations. As shown in Figure 
1, only one peak was observed, which 
demonstrated that the interference 
from lumogallion that is normally 
presented in HPLC (17) had been 
eliminated. The elimination may have 
resulted from the negative charge on 
lumogallion, which prevented it from 
moving toward the low potential end 
of the capillary. 

Effect of pH 
The fluorescence intensity of the 

aluminum-lumogallion complex was 
measured over a range of pH condi
tions from 3.55 to 4.63 (Figure 2). 
The peak height did not change 
significantly over the range studied. 
The opt imal pH condi t ion was 
selected as 4.0 due to the slightly 

Figure 2. Effect of pH on the fluorescence intensity obtained from a 4-ppm 
aluminum solution. Peak height is in relative units. Other conditions are 
given in Figure 1. 

Figure 3. Variation of fluorescence intensity with ionic strength. pH = 4.0. 
Other conditions are given in Figure 1. 
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larger peak heights obtained and was used in subsequent 
experiments. 

Effect of ionic strength 
The pH was fixed at 4.0, and the effect of ionic strength was 

investigated over the range of 25-250mM. The maximum 
intensity was obtained in the 50mM buffer solution (Figure 3). 
Therefore, the 50mM buffer (consisting of 40mM HAc and 
lOmM NH4Ac) was selected and used in subsequent experi
ments. 

Effect of lumogallion concentration 
The effect of lumogallion concentration on the peak height 

was also investigated. The results are shown in Figure 4. The 
peak height ceased to increase after the concentration of 
lumogallion exceeded 40-50 ppm. The optimal concentration 
of lumogallion was selected to be 50 ppm. 

Interferences 
No peaks were observed for solutions containing lumogallion 

and any of the following ions, which are common in natural 
waters: Fe 3 + , Ca 2 + , Mg 2 + , Cu 2 + , and Zn 2 + ; all were at concen

tration of 10 ppm. Therefore, this method 
can be very selective for the determination 
of aluminum in natural waters. 

Figure 4. Influence of lumogallion on the aluminum-lumogallion 
fluorescence. Other conditions are given in Figure 1. 

Table I. Concentrations of Aluminum and RSDs Determined in Different 
Samples by CE and ICP-MS* 

Sample 
source 

River Reservoir Spring water 
Sample 
source Content (ppb) RSD (%) Content (ppb) RSD (%) Content (ppb) RSD (%) 

CE 
ICP-MS 

87 9.6 
104 1.6 

38 6.6 
50 2.9 

83 8.8 
99 1.5 

* For CE, RSD was calculated from three injections; for ICP-MS, RSD was calculated from three replicates. 

Precision and accuracy 
The peak height was found to increase 

linearly with an increase of aluminum con
centration in the range of 40-2000 ppb. 
The linear equation for the calibration 
curve is: 

Peak height = 3.9 + 0.25 × CA 1 

The correlation coefficient was 1.000. The 
curve bends after the upper detection limit. 
The detection limit was calculated to be 
19 ppb based on 3 standard deviations from 
nine repetitive runs at 100 ppb aluminum 
concentration. The relative standard devia
tion (RSD) in peak height at 100 ppb was 
3.1%. 

The recoveries for 200 ppb aluminum 
added to three different water samples 
(river water, reservoir water, and spring 
water) were 94,104, and 95%, respectively. 

Application to water samples 
The above method was used for the 

determination of a luminum in several 
water samples, including water collected 
from a river (Bukit Timah River, Singa
pore), a reservoir (Thomson Reservoir, 
Singapore), and spring water (Indonesia). 
The samples were pretreated with the fol
lowing procedures: 50 μL super-pure HC1 
was added to a 300-mL filtered water 

Figure 5. Chromatograms of spring water sample (A) and its standard addition (B). Lumogallion, 
50 ppm; aluminum added for standard addition, 200 ppb. Other conditions are given in Figure 1. 
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sample to prevent aluminum precipitation. The solution was 
allowed to evaporate to approximately 5 mL, and after filtering, 
it was diluted tolO mL with Millipore water before analysis by 
CE. For comparison, ICP-MS analysis was performed on the 
same samples. Each result was obtained from three repetitive 
measurements. The results and RSDs are indicated in Table I, 
and the electrophoregrams for the spring water sample are 
shown in Figure 5. 

The results obtained by using the ICP-MS method were 
quite close to those obtained by CE although those obtained 
through ICP-MS were slightly higher. One of the possible rea
sons is that the ICP-MS method determines the total concen
tration of aluminum in the sample whereas CE determines 
only those in the ionic state. 
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