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Introduction
Based on the ability to enhance the 
immune system response, aluminum 
salts such as potassium aluminum 
sulfate, aluminum phosphate and 

aluminum oxyhydroxide have been extensively used as adjuvants in licensed vaccines 
since 1926.1 As active ingredients, quantification of aluminum salts in vaccine 
formulations is required during the manufacturing process.2 

Determination of aluminum in water used to prepare dialysis fluids is also crucial 
to monitor bioaccumulation which might lead to toxicity in patients undergoing 
hemodialysis treatment.3 

In this application note, the PerkinElmer FL6500TM Fluorescence Spectrometer 
(FL8500 can also be used) was used to determine the concentration of aluminum in 
solution exploiting the fluorescence increase of 8-hydroxyquinoline when complexed 
with the metal ion.4,5 In the first part, the Ph.Eur.2.4.17 method was applied and 
extraction with 8-hydroxyquinoline in chloroform was carried out. In the second 
part, an alternative method is proposed for which a calibration curve that avoids 
chlorinated solvents and offers higher accuracy was created using the Wavelength 
Quantification Mode present in the Spectrum® FL software.

Fluorometric Determination of 
Aluminum in Pharmaceutical 
Products Using the FL6500 
Fluorescence Spectrometer

A P P L I C A T I O N  N O T E

Fluorescence Spectroscopy

AUTHORS

Valentina Paolucci, 
PerkinElmer, Milan, Italy



2www.perkinelmer.com

Fluorometric Determination of Aluminum in Pharmaceutical Products Using the FL6500 Fluorescence Spectrometer

Methods

All the following reagents have been purchased from Sigma-
Aldrich and used as received without any further purification: 
potassium aluminum sulfate dodecahydrate (alum, ≥ 98%), 
8-hydroxyquinoline (≥ 98.5%), chloroform (HPLC Plus grade,  
≥ 99.9%), ethanol (absolute, ≥ 99.9%), sodium acetate anhydrous 
(> 99%). Glacial acetic acid (≥ 99.7%) was purchased from 
Honeywell Fluka. Milli-Q water was used to prepare the 
aqueous solutions. 

Ph.Eur.2.4.17 Method (01/2008:20417)

• 8-hydroxyquinoline (HQ) 5 g/L was prepared by 
dissolving 1.25 g of 8-hydroxyquinoline in 250 mL 
chloroform. 

• Aluminum stock solution 100 ppm was prepared by 
dissolving 80 mg of potassium aluminum sulfate 
dodecahydrate in 45 mL milli-Q water. 

• Aluminum solution 2 ppm was prepared by diluting the 
aluminum stock solution (2 mL (100 ppm) + 98 mL 
milli-Q water). 

• Acetate buffer 0.1 M pH 6 was prepared by dissolving 
1.95 g of sodium acetate anhydrous and adding 0.07 mL 
glacial acetic to a final volume of 250 mL.

Aluminum working solutions were prepared as follows: 

• Blank (0 ppm – 100 mL): 10 mL acetate buffer  
+ 90 mL milli-Q.

• Reference (1 ppm – 100 mL): 10 mL acetate buffer  
+ 40 mL milli-Q + 50 mL Aluminum solution 2 ppm. 

• Test 1 (10 ppb – 100 mL): 10 mL acetate buffer  
+ 89.5 mL milli-Q + 0.5 mL Aluminum solution 2 ppm. 

• Test 2 (30 ppb – 100 mL): 10 mL acetate buffer  
+ 88.5 mL milli-Q + 1.5 mL Aluminum solution 2 ppm. 

• Test 3 (500 ppb – 100 mL): 10 mL acetate buffer  
+ 65 mL milli-Q + 25 mL Aluminum solution 2 ppm.

Extraction - A 20 mL volume of the working solution was 
transferred to a 50 mL separatory funnel. For each solution, three 
subsequent washes (2x20 mL and 10 mL) using 5 g/L HQ in 
chloroform were carried out to extract aluminum. Following each 
wash, the chloroform phases containing the HQ-Al complexes 
were collected and combined to a final volume of 50 mL. 

Fluorescence Spectra - The fluorescence spectra of the 
working solutions after the extractions (HQ-Al complexes and 
blank) were collected in the FL6500 Fluorescence Spectrometer 
using a fluorescence quartz cuvette 1 cm pathlength placed in 
a single cell-holder. All fluorescence spectra were subtracted by 
the chloroform emission. The spectra scan setting used with 
the Spectrum® FL software is reported in Table 1.

Spectra Scan Setting

Source Excitation Emission Acquisition

Source Mode Pulse
Excitation  

Wavelength (nm)
392

Wavelength  
Range (nm)

420 - 730 Voltage (V) 400

Excitation  
Correction

On Slit Width (nm) 10 Slit Width  (nm) 10
Response  

Width (nm)
Auto

Initial dark On Filter Air
Scan Speed  

(nm/min)
240

Emission  
Correction 

On

Power (kW) 40   
Accumulation 

Number
1 Gain x1

Frequency (Hz) 100   Filter Air

Table 1: FL6500 Spectra Scan Setting used for the fluorescence spectra collection.
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Wavelength Quantification Mode

Source Excitation Emission Acquisition

Source mode Pulse
Excitation  

Wavelength (nm)
392

Emission  
Wavelength (nm)

518 Voltage (V) 400

Excitation  
Correction

On Slit Width (nm) 10 Slit Width (nm) 10
Integration  
Time (ms)

1000

Initial dark On Filter Air Filter Air
Emission  

Correction 
On

Power (kW) 40   Gain x1

Frequency (Hz) 100     

Table 2: FL6500 Wavelength Quantification Mode used for the calibration curve.

Calibration Curve Method

• 8-hydroxyquinoline (HQ) solution 2.5 g/L was prepared by 
dissolving 0.125 g of 8-hydroxyquinoline in 50 mL ethanol. 

• Aluminum solution 20 ppm 10 mL was prepared by 
diluting the aluminum stock solution 100 ppm (2 mL 
(100 ppm stock) + 8 mL milli-Q). 

• Aluminum solution 45 ppm 10 mL was prepared by 
diluting the aluminum stock solution 100 ppm (4.5 mL 
(100 ppm stock) + 5.5 mL milli-Q). 

The calibration curve was obtained by transferring a 2500 µL 
volume of HQ 2.5 g/L solution to a fluorometric quartz cuvette 
and directly adding subsequent volumes of aluminum 20 
ppm and 45 ppm water solutions to cover the range of Al 
concentrations 0 – 1 ppm. The volumes added were selected 
to neglect the dilution factor (ranging from 1 to 20 µL to a final 
volume of 2561 µL). The Wavelength Quantification Mode 
present in the Spectrum® FL software was applied to collect 
the fluorescence intensity in the FL6500 with integration time 
1000 ms at λem = 518 nm exciting the sample at λexc = 392 
nm (see table 2). The fluorescence intensity was collected in 
three replicates after manually shaking the cuvette between 
each acquisition. Three independent experiments with fresh 
solutions were repeated to validate the calibration curve 

method. The correlation coefficients (R2) obtained were always 
found to be higher than 0.99 indicating the reproducibility and 
accuracy of the proposed method in the range of aluminum 
concentration 0 – 1 ppm.

Results

Ph.Eur.2.4.17 Method (01/2008:20417)

Fluorescence spectra (λexc = 392 nm) of the blank solution 
(no aluminum), reference solution (1 ppm aluminum) and 
three tested solutions (10 ppb, 30 ppb and 500 ppb aluminum 
respectively) were collected following extraction with 
8-hydroxyquinoline (HQ) in chloroform (see figure 1). As stated 
on the Ph.Eur.2.4.17 method, the test solution passes the 
validation test if the fluorescence intensity difference ITest - IBlank 
is lower than IReference - IBlank (see equation 1).

 ITest - IBlank < IReference - IBlank              Equation 1

The FL6500 and the spectra scan setting used with the 
Spectrum FL software allowed to detect an increase of 
fluorescence intensity (λem = 518 nm) even when 10 ppb of 
aluminum was present in the aqueous solution. The results 
reported in table 3 showed that each tested solution could 
pass the pharmacopoeia validation test. 

Figure 1: Emission spectra (λexc = 392 nm) of reference solution (Al 1 ppm, pink line), blank solution (Al 0 ppm, black line) and test 1 solution (Al 10 ppb, red line), test 2 
solution (Al 30 ppb, blue line) and test 3 solution (Al 500 ppb, geen line) following extraction with HQ in chloroform.
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Calibration Curve Method 

In this application note, a calibration curve method was 
developed to achieve accurate determination of aluminum 
in aqueous solution without the use of chlorinated solvents 
involved in an extraction process. Ethanol was selected as 
solvent to dissolve 8-hydroxyquinoline thanks to its miscibility 
with water.6  In this way, aluminum standard aqueous 
solutions could be directly added into the cuvette to allow a 
rapid detection of HQ-Al complex fluorescence increase and 
the construction of a calibration curve (see figure 2).  While 
the Ph.Eur.2.4.17 procedure only allows to determine whether 
the tested solution contains less aluminum than the reference 
compared to the blank solution, the calibration curve collected in 
the FL6500 using the Wavelength Quantification Mode provided a 
fast and precise quantification of aluminum concentration.

Samples Fluorescence Intensity 
(λexc = 392 nm, λem =518 nm)

 Blank – 0 ppm 4170

Reference – 1 ppm 18219

Test 1 – 10 ppb 4309

Test 2 – 30 ppb 4599

Test 3 – 500 ppb 10677

Table 3: Fluorescence intensity collected at λem = 518 nm using λexc = 392 nm  
of blank solution (Al 0 ppm), reference solution (Al 1 ppm) and test 1 solution  
(Al 10 ppb), test 2 solution (Al 30 ppb) and test 3 solution (Al 500 ppb) according 
to Ph.Eur.2.4.17 following extraction with HQ in chloroform.

Al Concentration 
(ppm)

Calculated Al  
Concentration (ppm)

Sample 1 0.080 0.100

Sample 2 0.240 0.270

Sample 3 0.390 0.400

Table 4: Calculated Al concentrations for three independent samples obtained 
with the calibration curve.

Figure 2: Plot of fluorescence intensity (λexc = 392 nm, λem = 518 nm) of the HQ-Al complex standards in ethanol against Al concentration. The inset shows an enlargement of 
the fluorescence intensity values obtained with Al concentrations range 0 – 72 ppb. 

Addition of different volumes of aluminum solution in three 
different experiments permitted to evaluate the accuracy of the 
calibration curve. The values obtained are reported in table 4 
showing a high degree of prediction accuracy.

Conclusions 

The fluorescence increase observed when aluminum in water is 
extracted with 8-hydroxyquinoline in chloroform was detected 
using the PerkinElmer FL6500 Fluorescence Spectrometer. 
The spectra scan setting allowed to determine whether a 
sample passes the validation test according to Ph.Eur.2.4.17 
even for solutions with only 10 ppb of aluminum. In addition, 
an alternative method that constructs a calibration curve and 
avoids the use of chlorinated solvents was proposed in this 
application note. The Wavelength Quantification Mode offered 
by the Spectrum® FL software allowed to rapidly create a 
calibration curve with high precision. The proposed method 
is simple yet highly accurate representing a valid solution for 
the aluminum quantification during manufacturing of vaccine 
formulations or dialysate fluids.
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Component Part Number

FL6500 N4200011

Single Cell Holder  
(included with the instrument)

N4201010

Quartz SUPRASIL Macro Cells with Lid B0631107


