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Spectrophotometric method for determination of trace aluminum with application of
Alizarin Red S
F. Leng®*, Y. Jing', Q. Wei?, Y. Wang?, Y. Lv!, X.Wang?*, X. Zhu?

School of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730050, China
2 Lanzhou Institute of Husbandry and Pharmaceutical Sciences of CAAS, P. R. China

Received June 26, 2015, Revised September 10, 2015

Chromogenic agent alizarin red S was applied as complexant for the quantitative determination of trace aluminum
by ultraviolet spectrophotometer. The experimental parameters (pH of the aqueous solution, temperature and the
reaction time), interference in the measurement was optimized. The maximum absorbance of the reaction system was
490 nm further than the one of alizarin red S itself. The calibration curve was linear over the concentration range
0.04~0.14 mg-mL* of aluminum with good precision as well as accuracy and the variance reached to 0.9803. The
detection limit was down to 0.004 mg-mL™. Method Validation showed that: Fe** and Cu?* had some influence on
determination of AI®*, while K*, Na* had little interference. The recoveries were 82%~108%. Results from experiments
indicated that the proposed method was easy for operation with great selection, reproductivity and comparison as well

as board range of detecting concentration.
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INTRODUCTION

Aluminum is a familiar metallic element which
is up to 8.8% (by weight) in the earth's crust, just
lower than oxygen and silicon. The main
existence form of aluminum is compound silicate or
weathering products. As a broad-spectrum metal,
aluminum has great number purposes in the realm
of industries and other fields of life[1]. Early before
the 1970S, it’s universal that aluminum is not
absorbed and digested by human body. Therefore,
aluminum is widely used as food additives, water
treatment agent[2], drug, structural material in the
construction[3], etc. It also used to make tableware
and food packaging. But in recent years, studies
have shown that aluminum is toxicological effect
on health of the public concluding the human
beings, animals and plants[4, 5]. Aluminum
accumulated in the body can produce great number
of illnesses,  Alzheimer disease, dialysis
encephalopathy, Guam dementia Parkinson's
syndrome and so on[6]. Aluminum accumulated in
the brain could cause central nervous system
dysfunction. Aluminum cumulative in bone tissue
may result in bone pathology. The activity of many
enzymes system can be affected by aluminum,
which produce toxicity to the hematopoietic
system. In addition, aluminum has significant
inhibitory effects on immune function. Aluminum

* To whom all correspondence should be sent:
E-mail: 1ff0928@sina.com; wangxiaoli6578@sina.com

also does damage to embryo. Meanwhile,
Aluminum could inhibit the elongation and division
of plant root tip cell.Taking into account all
evidence offered above, determination of aluminum
content accurately and rapidly is the premise to
ensure the safety of food and then the health of
human beings.

Currently, the common measurement methods
of trace aluminum contain EDTA complexometric
titration, high performance liquid chromatography
(HPLC)[7] and Inductively coupled plasma atomic
emission  spectrometry  (ICP-AES)[8] and
inductively coupled plasma mass spectrometry
(ICP-MS)[9], graphite furnace atomic absorption
spectrophotometry[10], fluorescence spectrometry
and polarography and so on. However, all these
methods have some limitations. For example,
EDTA complexometric titration is easily influenced
by other interfering ions; UV-Visible absorption
spectrum is greatly influenced by the medium;
Mass spectrometry instruments is much expensive

Alizarin red S (Alizarin sodium sulfonate,
Alizarin 'S, ARS) is a kind of hydroxyl
anthraquinone  reagent applied widely in
photometric analysis as chromogenic agent[11] and
complexing agent[12]. It is the organic material
extracted from a natural product called
anthraquinone[13]. It can form a number of water-
soluble complexes with lots of metal ions[14],
mainly for the determination of Al**, Ga**, In® and
rare earth elements ion. In this experiment, the
absorbance of materials being tested was measured
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using spectrophotometric method at particular
wavelength or a certain range of wavelength,
therefore, the material was qualitative and
guantitative analysis. Alizarin red S and aluminum
can produce color reaction under certain conditions.
The maximum absorption peaks of complex
produced by alizarin red S and aluminum was
determined using spectrophotometer. Under the
maximum absorption peak, the optimal conditions
of of aluminium content the determination was
evaluated by controlling variables method,
concluding temperature, acidity and reaction time.
Four interfering ions and recoveries were used to
confirm the feasibility of the experiment. By UV
spectrophotometer, a new and simple method is
created with high sensitivity, good selectivity for
the determination of trace aluminum.

EXPERIMENTAL
Apparatus

A ultraviolet  spectrophotometer  (Cary50,
Varian, USA) equipped with 1.0 cm quartz cells
was used to collect all the spectral data at room
temperature. All the reagents were weighed by an
analytical balance (0.0001g, Mettler-Toledo
Instruments, USA). Digital electronic constant
temperature water-bath (HY-4, Guohua Electrical
Instruments, China) was use to control the
temperature. The pH of the solution was measured
by a pH meter (PHS-3D, Shanghai Precise
Instruments, China).

Reagents

All the reagents used were of chemical purity or
analytical grade. The solutions were prepared with
distilled water or deionized water, and working
solutions were obtained by appropriate dilution.

Alizarin red moderate S (0.25 mg-mL?) solution
was prepared by dissolving 0.0500 g of alizarin red
moderate S in 100 ml absolute ethyl alcohol and
then diluted to 200 ml with distilled water. The Al**
standard solution (1 mg-mL™) was prepared by
dissolving 8.9000 g of AICI;-6H,O in 100 ml
distilled water and 10 ml of 0.1 mol-L* HCI, and
then diluted to 1000 ml in volumetric flask on 1000
ml with distilled water.
Disodium hydrogen phosphate solution (0.2 mol-L-
1 was prepared by dissolving 17.9 ¢ of
disodium hydrogen phosphate in 100 ml distilled
water and subsequently diluted to 250 ml in
volumetric flask on 250 ml with distilled water.
Citric acid solution (0.1 mol-L*) was prepared by
dissolving 5.2500 g of Citric acid in 100 ml
distilled water and diluted to 250 ml in volumetric
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flask on 250 ml with distilled water. Interferential
ions solutions (0.25 g¢g-L?) was prepared by
dissolving 0.0500 g of FeCls;, CuS0O.-5H,0, KCI,
NaCl, respectively, in 100 ml deionized water and
then diluted to 200 ml with deionized water.

PROCEDURES
Adsorption preparation and dosage determination

1.5 ml of alizarin red S solution was diluted to 5
ml with distilled water. 0.7 ml of standard solution
of aluminum together with 1.5 ml of alizarin red S
solution were measured accurately into a test tube,
and then 7 another test tubes were prepared similar
to the aforementioned. An aliquot of solution of
phosphate  hydrogen phosphate-citrate  buffer
(0.0~5.0 ml), separately, were added into the 8 test
tubes, and finally diluted to 5 ml with distilled
water. 0.15 ml of disodium hydrogen phosphate-
citrate buffer solution ( pH=4.5, determined
optimum finally) and 1.5 ml of alizarin red s
solution as well as the aluminum standard solution
(0.0~0.7 ml) were taken into graduated test-tubes,
and diluted to 5 ml with distilled water. Various
amounts of color reagent and 0.15 ml buffer (
pH=4.6) together with a certain volume of standard
solution of aluminum (0.2~0.7 ml, respectively)
were added into 6 test tubes, and then diluted to 5
ml.

The solution above was put in a 1.0 cm quartz
cell, respectively. The absorption curve as well as
the maximum absorbance of all the aquas were
measured by ultraviolet spectrophotometer at room
temperature.

Determination of the optimum condition

1.5 ml alizarin red S solution and 0.7 ml
aluminum standard solution together with disodium
hydrogen phosphate-citrate buffer solution with
different pH values were added into the above
tubes, water was added until the volume is 5 ml,
absorbance values of the solutions were determined
at the room temperature. 1.5 ml alizarin red S
solution and 0.7 ml aluminum standard solution in
conjunction with 0.15 ml disodium hydrogen
phosphate-citrate buffer solution (pH=4.6) were put
into a test tube(5 ml), absorbance measured at
different temperatures. Solution similar to the
second one was left to stand for diverse time
(10~60 min) with absorbance detection.

Method Validation

The stability test of recommended method was
assess by the addition of interfering ions in the
reaction system. The interference of foreign ions
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(Na*, Fe*, Cu?*, K*) were measured with various
concentration of aluminum standard solution
(pH=4.6). The accuracy and precision of the
proposed method was evaluated with the standard
curve and the recoveries.

RESULTS AND DISCUSSION
Dosage determination

The studies indicated that utilize of alizarin red
S for determination of trace aluminum was feasible
and precise. Without anything others, absorption
response of alizarin red S itself appeared at 420 nm
(Fig. 1a). Within disodium hydrogen phosphate-
citrate buffer solution, absorption wavelength as
well as Abs value of the reaction system increased
with its volume. The absorption wavelength ranges
from 420 nm to 490 nm (Fig. 1b). The range of the
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absorption wavelength was wide and the sensitivity
was accurate with 0.15 ml buffer solution (Fig. 1c).
In addition, together with the aluminum standard
solution, absorption peak increased with its dosage
to 490 nm because of the complexation between
aluminum and alizarin red S. The Abs also rised
with its volume until the volume was equal to 0.7
ml (Fig. 1d, 1e). In conjunction with various dosage
of aluminum standard solution, Abs grew with the
volume of the Alizarin red S. The Abs had large
extent and great accuracy when the volume of
Alizarin red S was from 1.5 ml to 1.8 ml (Fig. 1f).
From the point of cost-saving and result-precise,
the dosage of disodium hydrogen phosphate-citrate
buffer solution, aluminum standard solution and
Alizarin red S were 0.15 ml, 0.2-0.7 ml and 1.5 ml,
respectively
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Fig. 1. Reagents dosage determination: (a) absorption spectrum of alizarin red S, (b) influence of buffer
solution’s volume, (c) buffer solution’s volume determination, (d) absorption spectrum of aluminum standard
solution, (e) absorbance of aluminum standard solution, (f) absorbance of Alizarinred S.
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Fig. 2. The optimum condition: (a) influence of the pH value, (b) impact of the temperature, (c) effect of the

reaction time, (d) standard curve.

The effects of reaction variables

The pH value of alizarin red S itself was 4.67. In
order to achieve better sensitivity, the reaction
should be carried out in a weakly acidic medium.
When the pH value was lesser than 4.0, the
maximum absorption peak was about 470 nm.
There was sediment in the reaction system when
the pH value was greater than 7.0. The absorption
peak was approximate 490 nm (Fig. 2a). So the Abs
should be measured when the pH was 4.6 at 490
nm. The value of Abs increased with temperature in
only a slight degree (Fig. 2b). For cost-effective
and easy-to-control, the experiments were operated
at room temperature. The absorbance fluctuated as
the reaction time in a small range. The reaction
system can keep stable for about 6 h with
correlation index of the standard curve equal to
0.9803 (Fig. 2c, 2d ).

Method Validation

This study took interfering ions and recovery
into consideration to discuss feasibility of this
method. For the interfering ions, the Na*, K*, Fe*,
Cu?* were choosed to be tested. The absorbance as
well as maximum absorption peak were nearly
invariant with Na* or K* whether there is AI** in the
system (Fig. 3a, 3b, 3c, 3d). But for Fe** and Cu?,
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the Abs value rised with their concentration to
some extent (Fig. 3e, 3f, 3g, 3h). The recovery and
precision were tested for accuracy. The result is
between 82%~108%, which illustrated the method
feasible (Tab. 1).

Table 1. Recovery test results of determination of
aluminum.

Number Background  Addition  Absor- Recovery

values (ug) values (ug) bance (%)
1 0.15 0.1 0.2981 82
2 0.15 0.2 0.5302 108
3 0.15 0.3 0.6691 107
4 0.15 0.4 0.7475 99
5 0.15 0.5 0.8005 90

CONCLUSIONS

The results showed that the appropriate use of
alizarin red S allowed determining trace aluminum
exactly. Alizarin red S was employed as
complexing agent. To ensure satisfactory results,
some conditions such as pH of the aqueous
solution, temperature, the reaction time of the
reaction system were optimized. The application of
spectrophotometer provided a very simple and
relatively rapid determination of aluminum. The
linear range was relatively wide within general
concentration range of 0.04~0.14 mg-mL™.
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Fig. 3. the influence of interfering ions: (a, c, e, g) Reaction between Alizarin Red S and different quantity of
Na*, K*, Fe®*, Cu?*, (b, d, f, h) Influence of Na*, K*, Fe3*, Cu?* on absorbance determination of reaction system.

The method recommended was precise, less
cumbersome, easy to operate and sensitive when
the volume of disodium hydrogen phosphate-citrate
buffer solution, aluminum standard solution and
alizarin red S were respectively 0.15 ml, 0.2~0.7 ml
and 1.5 ml with pH equal to 4.6 at room
temperature in conjunction with wavelength of
490nm. Method validation concluding influence of
interfering ions and recovery indicated that the
recommended method was of great veracity and
stability. As a consequence, alizarin red S
represents a possible new alternative which
surpasses the methods known from literature in

many aspects. It may be a new test tool for
determination of aluminum.
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Mirzajani,

CHEKTPO®OTOMETPUYEH METO/] 3A OITPEJEJISIHE HA CJIEJIV OT AJIYMWHUI C
I[TPUJIAT'AHE HA AJIM3APMHOBO YEPBEHO S

®. Jlen™™, U. Ixunt, I1. Yeii!, U. Yan?, U. JIs!, Kc.Van?*, KcX. Ky?

Y Yuunuwe 3a nayxu 3a scueéoma u unsicenepcmeo, Texnonozuuen ynusepcumem 6 Jlanoxcoy, Janoxcoy 730050,
Kumaii
2 Jlanoocoy uncmumym 3a ceicko cmonancmeo u gapmayeemuunu nayku na CAAS, Kumaii

Tlonyuena Ha 26 rouu, 2015 r., peBusupana Ha 10 cenremspu 2015 r.

(Pesrome)

XpOMOTCHHHUSI areHT alu3apMHOBO YEPBEHO S C€ MpuiIara KaTto KOMILICKCOOOpa3yBaTell 3a KOJHYCCTBEHO
OTpeNICIIIHe Ha CJIEeIU OT aJyMHUHHU C YITPaBHOJIETOB crekTpodoromerhp. Excrepumenrtannute nmapamerpu (pH Ha
BOJHUSI Pa3TBOp, TEMIIepaTypa U BpeMe Ha peakiius), CMYIICHUATa B U3MEPBAHETO ca ONMTHUMU3MpaHu. MakcuManHaTa
abcopOmms Ha peaknuoHHaTa cucreMa ¢ ¢ 490 HM oTmasedeHa OT Ta3d HAa CaMOTO AlIM3apHHOBO YEPBEHO S.
Kanubpannonnara kpuBa e juHeiHa B auana3oH Ha koHieHtpanuu 0.04 ~ 0.14 mr/mu anymunuii ¢ 1o0pa TOYHOCT,
KaKTO W MPENU3HOCTTa U Bapuarusara gocturaa 10 0.9803. I'panunara Ha orkpusade e 0.004 mr/mi. Banuaupanero Ha
MeTozia mokasa, ue Fe®* u Cu?* umar u3BeCTHO BJIMAHHE BLPXY ompeselsHero Ha Al¥" mokato K ¥, Na * umar mainko
Bnusinue. HuBara Ha Bb3cTaHoBsiBaHE ca 82% ~ 108%. Pesynrature oT eKCIEPUMEHTUTE MOKa3BaT, Y€ MPEATIOKEHUSIT
METOJl € JIeCeH 3a paboTa, C ToJsIMa CEIIEKTUBHOCT, TOBTOPSEMOCT, KaKTO W MIMPOK JAWANa30H Ha OIPEIeIsSTHU

KOHIIEHTpALIUH.
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