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A spectrophotometric method for the determination of AlIII in hemodialysis water employing 
alizarin red S complexing agent in the presence of polyvinylpyrrolidone 40 surfactant is described. 
The complex, formed in pH 4.5 buffered media, is detected at 510 nm. Optimal concentrations of 
all reagents were investigated as well as the appropriate detection wavelength. A linear analytical 
curve in the range of 5.0-320 mg L-1 was obtained, providing a limit of detection (3s, n = 7) of 
2 mg L-1 and quantification limit of 5 mg L-1. Results were compared with those generated using 
inductively coupled plasma mass spectrometry (ICP-MS) as an independent technique and 
method validation was also demonstrated by analysis of AccuStandard certified reference material 
QCS‑02-R1-5, appropriately diluted to 10 mg L-1. Equivalent results (t-test at a 95% confidence 
level) with a relative standard deviation of 4% were obtained. Real samples, spiked at a level of 
10 mg L-1 to conforme to Brazilian legislated limits, showed recoveries between 90-110%. The 
procedure is simple and fit-for-purpose with sufficient detection power to screen for Al at trace 
levels in hemodialysis water without pre-concentration of the samples.
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Introduction

Patients undergoing hemodialysis treatment are exposed 
to water volumes ranging from 18,000 to 36,000 liters per 
year. If not properly pre-treated, the presence of various 
chemical, bacteriological and toxic species may contaminate 
patients, leading to adverse effects and even death.1 A classic 
example of this situation is presented by aluminum, typically 
present at a concentration ca. 7 μg L-1 in blood.2 Having no 
known biochemical function, toxicity is manifested especially 
in people with chronic renal failure. Once administered 
directly into the bloodstream, it can accumulate in the bones 
and brain, causing diseases such as renal osteodystrophy and 
dialysis encephalopathy.1-4 For this reason, water quality 
standards required for the preparation of dialysis solutions 
are different from those applied to water intended for human 
consumption. In the case of Al, Brazilian legislation specifies 
the tolerable limit to be 10 μg L-1 in water for hemodialysis 
(according to RDC No. 11/2014), and 200 μg L-1 in 
drinking water (Portaria 2914/2011).5,6 Considering the low 
concentration set by regulatory organizations, it is necessary 

to apply analytical methodologies capable of detecting 
this analyte while at the same time demonstrating rigorous 
control over possible sources of external contamination. 
Inductively coupled plasma mass spectrometry (ICP‑MS), 
graphite furnace atomic absorption spectrometry (GF AAS), 
stripping voltammetry and polarography have been used for 
the determination of trace concentrations of aluminium in 
water, dialysis fluids and the serum of patients undergoing 
hemodialysis because of their accuracy and sufficient 
detection power to preclude the need for sample pre-
concentration.7-13 Moreover, the less sensitive techniques, 
such as flame atomic absorption spectrometry (FAAS), 
inductively coupled plasma optical emission spectrometry 
(ICP OES) and visible spectrophotometry, require pre-
concentration for determination of aluminium at such trace 
and ultra-trace levels.13-16 Without pre-concentration, most 
recently, Elečková et al.17 utilized a sequential injection 
technique based on complexation with “cinnamoyl” 
derivative 3-[4-(dimethylamino)cinnamoyl]-4-hydroxy-6-
methyl-3,4-2H-pyran-2-one to determine Al3+ directly in 
water with a detection limit of 4.0 μg L-1.17 Typically, direct 
spectrophotometric determination of aluminum is possible 
but requires addition of surface-active agents that serve 
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to increase sensitivity and selectivity. Shokrollahi  et al.18 
and more recently Khanhuathon et al.19 used the cationic 
surfactant N,N-dodecyltrimethylammonium bromide 
(DTAB) with eriochrome cyanine R ligand for the 
successful determination of Al3+ in wastewater and 
tapwater to yield a limit of detection of 0.14 μg L-1 and 
in bottled drinking water and beverages with a limit of 
detection (LOD) of 2.0 μg L-1, respectively.18,19 Studies 
of the influence of polyvinylpyrrolidone (PVP) on 
the formation of a sensitive aluminium-alizarin red  S 
chromophore were first reported by Parker et al.20 and 
Hernández‑Méndez  et  al.21 Cetyltrimethylammonium 
bromide (CTAB) and alkylbenzyldimethyl choride 
(ABDAC) were also investigated, but with inferior results.21 
However, CTAB was successfully utilized by Rodrigues 
et al.22 in a flow injection spectrophotometric system 
for the determination of Al in hemodialysis solutions. 

Hernández-Méndez et al.21 reported a detection limit of 
810 μg L-1 Al3+. Based on their initial studies,21 this work 
was undertaken to develop and validate a fit-for-purpose 
spectrophotometric method for the direct determination of 
aluminum in hemodialysis water that would be suitable for 
routine application as a consequence of detection power, 
simplicity and low cost. To the best of our knowledge, this 
methodology has not been earlier applied for the analysis 
of hemodialysis water.

Experimental

Instrumentation 

All spectrophotometric measurements were made 
using a Thermo Spectronic model Aquamate (New York, 
USA) spectrophotometer fitted with a standard 10 mm path 
length quartz cell. A Varian (Melborurne, Australia) model 
820-MS inductively coupled plasma mass spectrometer 
(ICP-MS) was used for comparison of results. Experimental 
conditions are summarized in Table 1; Ar of 99.99995% 
purity (White Martins, São Paulo, Brazil) was used for 
plasma operation. A Thermo Orion 710A potentiometer 
was used for pH measurements of sample solutions. A 
model USC 1800A (40 kHz) ultrasonic bath (Unique, São 
Paulo, Brazil) was used to aid in the dissolution of PVPs.

Reagents and materials

All chemicals were of analytical grade, unless otherwise 
specified. High purity water (resistivity of 18.2 MW cm) 
was deionized in a Milli-Q system (Bedford, MA, USA). 
The following reagents were prepared or used: solutions 
of 0.01 mol L-1 H2SO4 and NaOH (Merck regents, 

Darmstadt, Germany, No. 1.00731.1000 and 1.06498.1000, 
respectively); a buffer solution (pH 4.5) comprising a 
mixture of CH3COONa (Sigma-Aldrich Co., St Louis, USA)  
and CH3COOH (Panreac, Barcelona, Spain); a standard 
solution containing 1000 mg mL-1 Al3+ (AccuStandard, New 
Haven, USA); a 0.15% m/v (4.383 mmol L-1) solution of 
alizarin red S (Sharlau, Barcelona, Spain, No. RO0070); 
sodium dodecylbenzenesulfonate (Sigma-Aldrich Co., 
No. 289957), polyvinylpyrrolidone (PVP40 and PVP360, 
Sigma-Aldrich Co.); L-ascorbic acid (Sigma-Aldrich Co., 
A92902) and L-histidine, HCl (Sigma-Aldrich Co., H8125). 
A quality control reference material containing 100 mg mL-1 
Al3+ (QCS-02-R1-5) was obtained from AccuStandard. A 
suite of real hemodialysis water samples, obtained from a 
medical center in Curitiba, Paraná State, were subjected to 
analysis using the optimized methodology.

Procedure

From a solution of 10% m/v of PVP40 (previously 
dissolved with the aid of sonication in high purity water), 
2.5  mL were transferred to a 25 mL volumetric flask, 
followed by the addition of 10 mL CH3COONa/CH3COOH 
buffer, 2 mL alizarin red S 0.15% m/v solution (350 mmol L-1 
at final concentration in 25 mL) and 10 mL of the sample. 
The volume was made up with high purity water and the 
flask was capped. After a 15 min color development time 
at room temperature, the determination of aluminium was 
performed against calibration solutions covering the range 
5-320 mg L-1. These were prepared from the 1000 mg mL-1 
stock solutions of Al3+ by dilution with water and subjected 
to a treatment identical to that described for the sample. 

Results and Discussion

Selection of absorption wavelength and surfactant 

Based on the initial conditions reported by Hernandez-
Mendez et al.,21 dodecylbenzenesulfonate, PVP40 and 

Table 1. ICP-MS operating parameters

Plasma power / kW 1.4

Plasma gas flow rate / (L min-1) 18.00

Auxiliary gas flow rate / (L min-1) 1.80

Sheath gas flow / (L min-1) 0.21

Nebulizer flow / (L min-1) 0.95

Stabilization delay / s 20 

Replicates/sample 8

Analyte isotope Al27

Internal standard Sc45
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PVP360 surfactants were added at final concentrations of 
0.8% m/v to investigate their effects on the development of 
absorption in the range 400-700 nm by the Al‑alizarin red 
S complex (350 mmol L-1). As a CH3COONa/CH3COOH  
buffer at pH ca. 4.5 was found optimal in their procedure, 
no further study of the influence of pH was undertaken 
in this work as the system was observed to be stable 
and sensitive under such conditions.21 As evident 
from Figure 1, the Al-alizarin red S complex displays 
maximum sensitivity at 485 nm but, as reported earlier,21 
a bathochromic shift occurs in the presence of PVP40 and 
360 to yield maximum absorbance at 510 nm as well as 
enhanced sensitivity. As results were similar for both PVP 
surfactants, PVP40 was selected for further experiments 
as it was easier to solubilize than PVP360. The Al-alizarin 
red S-dodecylbenzenesulfonate system did not show any 
significant change, having characteristics similar to the 
simple Al-alizarin red S complex. 

Effect of PVP40 concentration on response

Figure 2 shows the effect of PVP40 concentration in the 
range 0.05 to 10% m/v on absorbance by the Al-alizarin 
red S-PVP40 complex at 510 nm. Although differences 
were not significant beyond 1% m/v, and despite the 
optimal being 5%, a concentration of 1% m/v was defined 
as the most appropriate for practical purposes based on the 
difficulty of solubilization of the PVP and considering the 
impact of increased reagent consumption.

Effect of concentration of alizarin red S 

Figure 3 shows the impact of concentration of alizarin 
red S over the range 25-400 mmoL L-1 on absorbance by 

the Al-alizarin red S-PVP40 system (100 mg L-1 Al3+). A 
concentration of ca. 350 mmol L-1 was adopted as optimal. 

Effect of time on the development of the Al-alizarin red 
S-PVP 40 system

Figure 4 shows the impact of time, at laboratory 
temperature (ca. 25 °C), on the development of the 
Al-chromophore both with and without the addition of 
PVP40 surfactant. Although a steady-state response is 
achieved after about 3 min in the absence of the surfactant, 
a minimum of 8 min is required when PVP40 is present, 
suggesting an added time for assembly of the surface 
active species incorporating the metal-ligand system, 
permitting a concurrent enhancement in sensitivity. A 
color development time of 15 min was adopted to ensure 
sufficient time stability. 
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Figure 1. Absorption spectra of the Al-alizarin red S complex 
(100 mg L-1 Al3+) and the effect of added PVP40 and PVP360 surfactants 
at a final concentration of 0.8% m/v. Bars represent standard deviation 
of three replicate measurements.
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Figure 2. Effect of PVP40 concentration on absorbance from an aqueous 
standard solution containing 100 mg L-1 Al3+. Bars represent standard 
deviation of three replicate measurements.
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Figure 3. Effect of concentration of alizarin red S on absorbance from 
an aqueous standard solution containing 100 mg L-1 of Al3+ and 1% m/v 
PVP40. Bars represent standard deviation of three replicate measurements.
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Effect of potential interferences 

The effect of typical concomitant ions present in 
hemodialysis water, such as Ca2+, Cu2+, Fe3+, Mg2+, Mn2+, 
K+, and Zn+, was investigated under optimum analytical 
conditions. Test samples containing 100 μg L-1 of Al3+ 
were spiked at concentrations up to 1000 μg L-1 with 
individual interfering elements. No interference from 
Ca2+, Mg2+, Mn2+, K+ or Zn+ was evident, but Cu2+ and Fe3+ 
present at levels of 200 μg L-1 and 80 μg L-1, respectively, 
generated positive bias errors greater than 5% relative to 
the absorbance of the unadulterated clean Al3+ solutions. 
Although the presence of these elements at such levels in 
hemodyalisis water is rare, their effects can be successfully 
eliminated by the addition of 0.05 mol L-1 ascorbic acid 
for Fe3+ and 0.01 mol L-1 L-histidine for Cu2+.18 Such 
observations are illustrated in Figure 5, which visually 

shows the effect of the presence of these interferences and 
the impact of added ascorbic acid and L-histidine on the 
elimination of their influence.

Figures of merit 

Analytical curves prepared from Al3+ standard solutions 
spanning the concentration range 5.0-320  mg  L-1 were 
generated using the selected conditions. The linear 
correlation coefficient was 0.9994 with an estimated 
limit of detection (LOD, 3s, n = 7) of 2 mg L-1 and 
limit of quantification (LOQ) 5 mg L-1. This LOQ is 
fit‑for‑purpose for the analysis of Al in hemodialysis water 
or flagging of outliers as maximum content is specified 
as 10 mg L-1.5 This methodology provides an alternative 
approach to that developed by both Rodrigues et al.22 and 
Shokrollahi et al.,18 and more recently by Elečková et al.17 
and Khanhuathon et al.,19 having sufficient detection power 
to achieve the direct determination of aluminum using simple 
standard spectrophotometric equipment. Measurements of 
ten replicate solutions of the QCS-02-R1-5 quality control 
certified reference material standard (AccuStandard) 
appropriately diluted to 10 mg L-1 were performed using 
the proposed methodology and results compared to those 
obtained using ICP-MS. In accordance with a t-test at a 
level of 95% confidence, equivalent results were obtained. 
The relative standard deviation was 4% (n = 10).23 This 
procedure was also applied to the determination of Al in 
six real samples obtained from a hemodialysis center in 
Curitiba, Paraná State. Results are summarized in Table 2. 
In all cases, concentrations were below the estimated LOQ 
and hence in conformance with Brazilian legislated limits. 
Spikes, added to these samples at the mandated maximum 
allowable concentration (10 mg L-1), exhibited recoveries of 
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Figure 4. Effect of time on the development of absorbance by the Al - 
alizarin red S complex in the presence and absence of added PVP40. Bars 
represent standard deviation of three replicate measurements.

Figure 5. Effect of Fe3+ and Cu2+ interference on visible color 
development: (1) aqueous standard solution containing 100 µg L-1 of Al3+; 
(2) aqueous standard solution containing 100 µg L-1 of Al3+, 500 µg L-1 
of Fe3+ and 0.05 mol L-1 ascorbic acid; (3) aqueous standard solution 
containing 100 µg L-1 of Al3+ and 500 µg L-1 of Fe3+; (4) aqueous standard 
solution containing 100 µg L-1 of Al3+, 500 µg L-1 of Cu2+ and 0.01 mol L-1 
L-histidine; (5) aqueous standard solution containing 100 µg L-1 of Al3+ 
and 500 µg L-1 of Cu2+.

Table 2. Analysis of real samples of hemodialysis water and spike 
(10 mg L-1, n = 3) recoveries

Sample
Spectrophotometric 
method / (μg L-1)

ICP-MS / (μg L-1)

01 < 5 < 0.2 

02 < 5 < 0.2

03 < 5 < 0.2

04 < 5 < 0.2

05 < 5 < 0.2

06 < 5 < 0.2

01 spiked 11 ± 1 10.0 ± 0.1

02 spiked 10 ± 1 9.0 ± 0.1

03 spiked 9 ± 1 9.0 ± 0.1

< : below estimated LOQ.
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90-110% with all results in accordance with those obtained 
using an independent ICP-MS technique. 

Conclusions

In the presence of PVP40 surfactant, the Al-alizarin red 
S chromophore exhibited an improvement in sensitivity for 
determination of Al in hemodialysis water. The proposed 
method is very simple and of low cost, yielding good 
precision and accuracy and is thus a simple alternative for 
quality control determinations of Al in hemodialysis water, 
having low reagent and sample consumption and ease of 
implementation in hemodialysis centers. The methodology 
is readily amenable to use of automated flow injection 
techniques to yield high throughput determinations. 
This simple procedure has been adopted by TECPAR’s 
routine application laboratory as an alternative to ICP-MS 
methodology.
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