
A

m
p
c
A
u
c
5
p
©

K

1

t
i
o
a
a
i
m
c

p
e
t
p

0
d

Available online at www.sciencedirect.com

Journal of Pharmaceutical and Biomedical Analysis 45 (2007) 504–509

ET-AAS determination of aluminium in dialysis concentrates
after continuous flow solvent extraction
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bstract

Conditions of a continuous flow extraction (CFE) of aluminium acetylacetonate in acetylacetone and aluminium 8-hydroxyquinolinate into
ethylisobutylketone (lengths of reaction and extraction coils, flow rates of aqueous and organic phases and their flow rate ratio, pH of aqueous

hase, lengths of coils for transport of aqueous and organic phases and effect of salts) were studied. The analytical signal of the aluminium
helates present in the organic phase was measured at 309.3 nm using atomic absorption spectrometry with electrothermal atomization (ET-
AS) at the flow rate ratio Faq/Forg = 3 for aqueous and organic phases. The five points calibration curves were linear (R2 0.9973 and 0.9987)
p to 21 �g l−1 Al with the limits of detection of 0.3 �g l−1 and the recovery 100 ± 2% and precision of 3% at 2–10-fold dilution of the dialysis

oncentrates. The acetylacetonate method was applied to the determination of aluminium in real dialysis concentrates. Aluminium in concentrations
–6 �g l−1 (R.S.D.s 5–10% in real samples) were found and the results were in the very good agreement with those obtained by an ET-AAS using
reconcentration of Al(III) on a Spheron-Salicyl chelating sorbent (absolute and relative differences were under 0.4 �g l−1 and 8.2%, respectively).

2007 Elsevier B.V. All rights reserved.
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. Introduction

It is hard to believe that the third widely spread element in
he earth crust has toxic effects to mammals, aquatic organ-
sms, plants, etc. even at very low concentrations. It was also
bserved a conjunction of aluminium contamination of foods
nd drinking water with human diseases such as arteriosclerosis
nd Alzheimer’s disease [1–4]. The neurotoxicity of aluminium
s directly linked to its bioavailability. The ingestion of alu-

inium from both the food and drinking water is the most
ommon form of human exposure.

The serious toxic effect of aluminium was observed also on
atients with renal failure subjected to dialysis, such as anemia,

ncephalopathy and dialysis dementia [1–4]. It was confirmed
hat decrease of aluminium content under critical level has a
reventive effect. The dialysis fluids are prepared from dialysis

∗ Corresponding author. Tel.: +420 545133285; fax: +420 545212044.
E-mail address: kuban@mendelu.cz (V. Kubáň).
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Dialysis solutions

oncentrates that are mixed with pure water. If aluminium is
resent as a contaminant in these fluids, it is able to diffuse
hrough the dialysis membranes and penetrate into the blood
tream of the patient. The contamination levels in these cases
epend strongly on the quality of the water and the dialysis
oncentrates used in the dialysis fluid preparation. The Official
harmacopeias [5] require an accurate control of the trace levels
f aluminium in commercial dialysis solutions, which must be
ower than 10 �g l−1.

Hence, a simple and sensitive method is of primary impor-
ance for the effective monitoring of aluminium present
s contaminant in dialysis concentrates [6]. The complex
atrix with high levels of sodium (2–5 mol l−1), cal-

ium (0.03–0.05 mol l−1), magnesium (0.01–0.02 mol l−1) and
otassium (0–0.07 mol l−1) as chlorides, sodium acetate or
icarbonate, sodium lactate and glucose, respectively [7], makes

ialysis concentrates difficult to analyse.

Lack of sensitivity and difficulty in sample handling due
o contamination are the major problems that usually impair
he determination of aluminium at ultra trace levels. Suitable

mailto:kuban@mendelu.cz
dx.doi.org/10.1016/j.jpba.2007.08.017
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echniques for monitoring and determination of aluminium at
race levels are therefore necessary [8]. Inductively coupled
lasma atomic emission spectrometric (ICP-AES), flame atomic
bsorption spectrometric (FAAS) and spectrophotometric meth-
ds with higher limit of detection need preconcentration of the
nalyte [8–11]. Fluorimetric methods are very sensitive, but they
sually lack selectivity [12,13]. The fluorimetric extractive pro-
edure is suitable for the toxicological control of aluminium
races in dialysis solutions [14–18].

An adsorptive stripping voltammetric (AdSV) determination
f aluminium may overcome the problems caused by the high
alt content of dialysis concentrates, but it needs very care-
ul elimination of organic matter. Solochrome violet RS [19]
nd 1,2-dihydroxyanthra-quinone-3-sulfonic acid (DASA) were
sed as complexing agents for the determination of aluminium
n dialysis fluids with detection limit 0.8 �g l−1 [6].

Sensitive methods such as inductively coupled plasma mass
pectrometry (ICP-MS) that has recently been proposed for the
etermination of aluminium in dialysis samples [20] has accept-
ble detection limits and does not need preconcentration. Its
usceptibility to matrix effects means that standard additions
ust be used for each sample. Separation step is also suitable

8,21]. High cost of basic ICP-MS instrumentation and rela-
ively high operation costs are the main drawbacks of its routine
pplications.

Atomic absorption spectrometry with electrothermal atom-
zation (ET-AAS) suffers from serious matrix interferences and
ontamination problems. Analysis of dialysis concentrates can-
ot be directly carried out by ET-AAS due to the high salt
ontent. About 400 g l−1 of essentially chlorides causes matrix
nterferences and additionally, insufficient precision since the
luminium content in these fluids is normally close to the limits
f detection [10]. To reduce matrix effects in ET-AAS deter-
inations, dialysis concentrates have been analysed after up to

5-fold dilution with water [20]. The usual practice of diluting
he sample aggravates the problem and leads to poor results.
ddition of nitric acid [22] or orthophosphoric acid [23] as a
atrix modifier was also used to minimise matrix effects. The

esults obtained were not reliable since the salt content in the
olutions was still high [7].

Adsorption of traces of Al on sorbents and solvent extrac-
ions of its chelates are used as common separation and/or
reconcentration techniques. Chromotrope 2B (1,8 dihydroxy-
-(p-nitrophenylazo)-naphthalene-3,6-disulphonic acid) immo-
ilized on AG l-X8 ion exchange resin [8,17], solid phase
-hydroxyquinoline derivative Kelex 100 immobilised on
mberlite XAD-7 [25], Chelex-100 [7,20] chelating ion-

xchange resin, desferrioxamine immobilized on porous
lass [24] microcolumns and preconcentration of aluminium-
hromazurol S chelate on a polyethylene powder [9,10] were
pplied.

The aim of this work, therefore, was to develop and estab-
ish a simple and cost effective method (compare to ICP-MS)

or Al determination in dialysis concentrates using continuous
ow solvent extraction (CFE) and quantification by ET-AAS. A
omemade apparatus for CFE was constructed. The influence
f lengths of reaction and extraction coils, lengths of restric-
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ion coils for transport of aqueous and organic phases from a
embrane phase separator, flow rates of both liquids, volume

nd way of injection of chelating reagents, pH of aqueous phase
nd aqueous to organic phase flow rate ratios on separation and
xtraction efficiencies were evaluated.

. Materials and methods

.1. Instrumentation

A Perkin-Elmer atomic absorption spectrometer (model
030) equipped with a HGA-400 graphite tube atomizer and
n AS-1 autosampler was used for the ET-AAS measurements.
njection volume was 20 �l. Aluminium absorption was mea-
ured at 309.3 nm. The spectral bandwidth was set at 0.7 nm. A
ollow cathode lamp Intensitron at 21 mA was used as a radi-
tion source and a deuterium lamp was used for background
orrection. A peristaltic pump (FIA 20 Analyzer, Villa-Labeco,
.N. Ves, Slovakia) was applied for delivery of solutions in CFE.

The electro-graphite tube without pyrolytic coating using
mini-flow mode 50 ml min−1 Ar was used during an atom-

zation step. Absorbance and integrated absorbance were
easured. The HGA-400 parameters were set as follows:

50 ◦C/15 s/25 s//1200 ◦C/15 s/15 s//2400 ◦C/0 s/4 s//2550 ◦C/
s/2 s for all ET-AAS measurements.

Teflon cups used for the autosampler AS-1 were cleaned with
5% HCl for 24 h and then rinsed with bi-distilled water prior to
nalysis. The Teflon capillary of autosampler AS-1 was washed
ith bi-distilled water; when sampling of MIBK extracts with
0% ethanol. All operations were conducted under controlled
tmosphere in an aseptic clean-box Fatran LF (Chirana, Brno,
zech Republic).

.2. Reagents and solutions

All chemicals were of analytical reagent grade. Water was
reshly quartz distilled and deionized (Milli-Q System, Milli-
ore, Bedford, USA). All glassware and Teflon material were
oaked in nitric acid (1:1) for 1 day and rinsed with deionized
ater before use. Plastic material was used to avoid contami-
ation. Calibrated polyethylene flasks were immersed for 24 h
n a 10% HNO3 solution and then thoroughly rinsed with

illi-Q water before use. No contamination problems were
ound.

Aluminium stock solution (1000 mg l−1) was prepared by
issolving 1.0136 g aluminium metal (purity > 99.99%) in
8.8 ml of HCl (37%, Sigma–Aldrich, Schnelldorf, Germany)
nd diluted up to 1000 ml with deionized water. Working alu-
inium standards were prepared daily by diluting the stock

olution in 10 mmol l−1 hydrochloric acid.
8-Hydroxyquinoline (8-HQ) of analytical purity grade

Pliva-Lachema Brno, Czech Republic) was dissolved in
ethylisobutylketone (MIBK) to give 1% concentration. The

mmol l−1 aqueous solution of 8-HQ was prepared by dis-

olving of 8-HQ in 20 mmol l−1 HCl. Acetylacetone (AA) of
.a. purity (all Penta, Chrudim, Czech Republic) was used as a
helating and an extraction reagent.
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ig. 1. Flow extraction systems with a chelating reagent in an organic solvent (t
5) reaction coil, (6) organic phase, (7) extraction coil (lext), (8) phase separator
aste (aq), (12) ET-AAS, (13) separation chamber, (14) membrane, (15) metall

Buffer solutions of pH 3–6 and 6–9 were prepared by mix-
ng appropriate amounts of 10 mmol l−1 hydrochloric acid with
0 mmol l−1 sodium formiate (Sigma–Aldrich, Schnelldorf,
ermany) and 10 mmol l−1 TRIS (Pliva-Lachema, Brno, Czech
epublic), respectively. A mixed solution of salts (MgCl2·6H2O,
aCl2·2H2O, NaCl, sodium acetate in concentrations 6, 10.1,
20 and 160 g l−1, respectively) was prepared by dissolving
ppropriate amounts of the salts (all Pliva-Lachema, Brno,
zech Republic) in deionized water.

.3. Procedures

A CFE manifold designed and optimized for Al extraction

ith a chelating reagent (AA) in an organic solvent (Fig. 1,

op) and with a chelating reagent (8-HQ) in an aqueous solution
Fig. 1, bottom), was used. It consisted of Teflon capillaries
inner diameter 0.6 mm), a Teflon segmentor and a separator of

T
a
a
1

d in an aqueous solution (bottom). (1) Pump, (2) water, (3) sample, (4) reagent,
il in the middle), (9) coil for organic phase (lorg), (10) restriction coil (laq), (11)
mbrane support, (16) sealing ring, (17) chamber with separated organic phase.

hases. Water solutions were delivered with a peristaltic pump
FIA 20 Analyzer, Villa-Labeco, S.N. Ves, Slovakia) and an
rganic solvent by using a glass discharge bottle with a Teflon
ap. The phase separator (Fig. 1, middle) consisted of two Teflon
arts bearing Sartorius Teflon membrane (Sartorius, Goetingen,
ermany, Cat. No. 118 03 1.20 �m) supported with a metallic
embrane with Teflon surface.

.3.1. Procedure with a chelating reagent in an aqueous
olution

The aqueous solutions of a sample and a chelating reagent
8-HQ) were merged in a Y-type mixer at the equal flow rates
.6 ml min−1 using two equal capillaries (see Fig. 1, bottom).

he merged flow was homogenized to form an Al-chelate in
reaction coil (lreact = 30 cm). The aqueous solution of the

luminium-hydroxyquinolinate was transported at the flow rate
.2 ml min−1 into the Teflon cylindric segmentor.
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The repeatability of the dosing of Al-acetylacetonate in
acetylacetone and Al3+ aqueous solution was acceptable
(R.S.D.s ≤ 1.1%, n = 10) when the routine procedure for sam-
pling of the solutions into the graphite tube with Teflon capillary
J. Komárek et al. / Journal of Pharmaceutic

A segmented flow was created in the segmentor mix-
ng the aqueous stream with an organic solvent at flow
ates 0.3 ml min−1. Extraction of the aluminium chelates from
he aqueous solution into an organic solvent (aluminium 8-
ydroxyquinolinate into methylisobutylketone) proceeded in the
xtraction coil (lext = 400 cm) inter-connecting the segmentor
nd the phase separator. Separation of the organic phase from the
queous solution was realized in the membrane phase separa-
or. The separated organic phase containing the Al-chelate was
ollected in vessels of the automatic AS-1 autosampler using
estriction coil (lorg = 4.5 cm). The length of restriction coil laq
ffecting pressure ratios on the membrane was 1.5 cm. Finally,
he aluminium concentration was measured by ET-AAS.

.3.2. Procedure for chelating reagents (AA or 8-HQ) in
rganic solvents

The aqueous solutions of a sample were introduced directly
nto the Teflon cylindric segmentor (see Fig. 1, top) at the flow
ate 1.2 ml min−1 together with 1% 8-HQ in MIBK or with
cetylacetone (0.4 ml min−1). Extraction of the AA or 8-HQ
helates proceeded in the extraction coil (lext = 400 cm). Sepa-
ation of the organic phase proceeded as described above.

. Results and discussion

.1. Optimization of parameters for continuous flow
xtraction systems

.1.1. Effects on separation efficiency
The separation efficiency (expressed as a ratio of the sepa-

ated organic phase to the total amount of the organic phase;
n %) was influenced mainly by the length of the restriction
apillaries for outlet of the organic phase (lorg) and aqueous
hase (laq) from the phase separator. The flow rate ratio of both
hases leaving the phase separator affects pressure ratios on the
embrane and can be simply regulated changing the parameters

f the restriction coils (i.d., length). Volumes of the separated
rganic phase and the unseparated organic phase transported
ogether with the aqueous phase to a waste were measured in
-min periods using a graduated cylinder.

Improper function of the discharge bottle (reservoir of the
rganic solvent—AA or MIBK, respectively) was observed at
he flow rate ratio Faq/Forg > 7 for both solvents. The flow of
he organic phase was restricted in the system in the case. The
enetration of the aqueous solution from the discharge bottle
nto the outlet capillary reduced (or restricted) the flow of the
rganic solvent from the bottle to the phase segmentor.

Penetration of droplets of the aqueous phase across the mem-
rane phase separator was observed when the length of the
estriction capillary for the aqueous phase was laq > 2 cm (too
igh overpressure on the membrane) and/or at the flow rate
atio Faq/Forg ≥ 4. Therefore, the length of the restriction coil

as reduced to laq = 1.5 cm to eliminate the problem. Maxi-
um separation efficiency (80%) of the two phases was constant

or lorg = 4–6 cm at laq = 1.5 cm and at the total length of the
xtraction coil lext = 400 cm.
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Extraction coil length (lext = 400 cm), restriction coil length
laq = 1.5 cm), the length of the restriction capillary for outlet of
he organic phase lorg = 4.5 cm and the maximal applicable flow
ate ratio of the phases Faq/Forg = 3, were selected to be optimal
onditions for all extraction systems and were used for all further
xperiments.

.1.2. Factors influencing extraction efficiency
The extraction efficiency (expressed as a ratio of the amount

f aluminium extracted in organic phase to the total amount of
luminium in the aqueous phase; in %) was dependent espe-
ially on the length of the extraction coil and on the flow rate
atio Faq/Forg. The efficiency increased rapidly to lex = 250 cm,
hen slowly increased up to 300 cm and was practically constant
ver 300 cm; therefore, lex = 400 cm was used. The dependence
f the analytical signal of the organic phase on the flow rate of the
queous phase (Faq) was measured for three different systems (i)
ith 1% 8-HQ in MIBK, (ii) with 2 mmol l−1 aqueous solution
f 8-HQ using MIBK as the extraction agent and (iii) with acety-
acetone as an extraction and chelating agent. The flow rate of
he aqueous phase was varied in the interval 0.3–1.2 ml min−1.
he highest value of the analytical signal of the organic phase,
nd of course the sensitivity of the method, was found for the
ystem with acetylacetone (see Fig. 2). The following extraction
fficiencies 100, 99, 99, 98% were found for extraction system
ith acetylacetone and 97.0, 95.2, 91.8, 89.1% for extraction

ystem with 8-HQ in MIBK at Faq/Forg = 1, 2, 3 and 4, respec-
ively. The extraction efficiency for the system with 8-HQ in
queous solution and with extraction into MIBK was approx-
mately 5% lower comparing with the extraction systems with
-HQ in MIBK. For that reason, extraction with 8-HQ in MIBK
nd that with acetylacetone were preferred.

.2. Optimization of ET-AAS determination
ig. 2. The dependence of the absorbance of the organic phase (Aorg) on the
ow rate of the aqueous solution (Faq) for system with acetylacetone (�), 8-HQ
olution in MIBK (�) and with aqueous solution of 8-HQ with extraction into

IBK (�).
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Table 1
Recovery of aluminium from salts solutions (cAl = 20.3 ng ml−1)

Salt c (g l−1) Recovery of Al

8-HQ in MIBK Acetylacetone

MgCl2·6H2O 6 100 ± 2 100 ± 2
CaCl2·2H2O 3.4 100 ± 2 –
CaCl2·2H2O 6.7 94 ± 2 –
CaCl2·2H2O 10.1 84 ± 2 100 ± 2
NaCl 100 100 ± 2 –
NaCl 150 99 ± 2 –
NaCl 200 79 ± 2 –
NaCl 220 78 ± 2 100 ± 2
Na-acetate 160 100 ± 2 100 ± 2
Mixture of salts Conc.a 67 ± 3 83 ± 2
Mixture of salts 2× Diluted 100 ± 2 100 ± 2
Mixture of salts 5× Diluted 100 ± 2 100 ± 2
M
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The repeatability (R.S.D.s = 4.8–9.7%) was satisfactory. The
concentrations of aluminium in all the dialysis concentrates were
08 J. Komárek et al. / Journal of Pharmaceutic

f the autosampler AS-1 and subsequent washing of capil-
ary with redistilled water was applied. The corresponding
.S.D.s ≤ 2.5% (n = 10) and the signal by 15% lower were
btained for the solution of the Al-8-HQ chelate in MIBK. This
s probably due to the incomplete dosing of the organic extract
nto the graphite tube. Careful washing of the Teflon capillary
ith the 20% ethanol seriously improved the repeatability of

he dosing of the MIBK extract (R.S.D.s ≤ 1.6%, n = 10) and
ncreased the relative signal up to 100%.

.3. Effect of pH of the aqueous solution

The relationships between the analytical signal of the organic
hase after the extraction and the pH values aqueous solutions
or the systems of extraction with 8-HQ in MIBK and with acety-
acetone are presented in Fig. 3. The pH was adjusted with
0 mmol l−1 TRIS and 10 mmol l−1 HCl for 8-HQ and with
0 mmol l−1 HCOONa and 10 mmol l−1 HCl for acetylacetone.
he optimal pH values (4.0 and 8.0) were found for extraction
ith acetylacetone and 8-HQ, respectively.

.4. Analytical performance

The extracts of aluminium chelate with 8-HQ and acety-
acetonate were stable more than 10 days since the absorbance
ignal was constant in the time of measurement in 10 days.
hus the extracts do not need be measured in the day of the
xtraction.

The recovery of aluminium was verified using the solutions
f aluminium with the concentration of salts in the solutions
orresponding to the concentration of the substances in the
ialysis concentrates (see Section 2.2) or in the presence of
ndividual electrolytes (see Table 1) using the CFE system
ith acetylacetone and 8-HQ in MIBK. The measurement con-
rmed 100 ± 2% recovery and accuracy 100 ± 3% at 2–10-fold
ilution of the dialysis concentrates. Five points calibration
urves for Faq/Forg = 3 were linear up to 21 �g l−1. Correla-
ion coefficients R2 were 0.9987 for 8-HQ and 0.9973 for AA,

espectively. Limits of detection (LODs, S/N = 3 criterion) of
.3 �g l−1 were achieved for extraction of Al, both with 8-
Q in MIBK and with acetylacetone. The R.S.D.s for two-fold
iluted concentrate with addition of 20.3 ng ml−1 Al was 2.05

ig. 3. The effect of pH on the extraction efficiency (in %) of the CFE system
or extraction system with acetylacetone (�) and with 8-HQ in MIBK (♦),

Al = 20.3 ng ml−1.

u
a

T
A

S

F
F
F

3
5
a
F

b

ixture of salts 10× Diluted 100 ± 2 100 ± 2

a 6 g l−1 MgCl2·6H2O, 6.6 g l−1 CaCl2·2H2O, 220 g l−1 NaCl, 160 g l−1

H3COONa.

nd 1.8% (n = 5) for 8-HQ and acetylacetone extraction, respec-
ively.

.5. Analyses of dialysis concentrates

The proposed CFE/ET-AAS method with acetylacetone was
pplied for the determination of aluminium in real dialysis
oncentrates (Table 2) obtained from the Department of Dialy-
is and Nephrotology of the Faculty Hospital, Brno-Bohunice.
he pH values of the diluted concentrates were adjusted by
.1 mol l−1 sodium formiate to pH 4 and the extraction with
cetylacetone was performed. The results were in the very good
xperimental agreement with those obtained by ET-AAS using
orbent preconcentration of Al(III) on Spheron-Salicyl 1000
Pliva-Lachema, Brno, Czech Republic, 40–63 �m particle size)
orbent at pH 4 (formiate buffer medium) and elution with
mol l−1 HCl (see Table 2). Absolute and relative differences
ere under 0.4 �g l−1 and between 3.3 and 8.2%, respectively.
nder the declared (maximal acceptable) levels (<10 �g l−1)
ccording the official Pharmacopeias [5].

able 2
nalysis of the real dialysis concentrates

amplea CFE/ET-AASb

cAl (�g l−1) R.S.D. (%)c cAl (�g l−1) R.S.D. (%)c

-50 6.1 9.7 6.3 10.2
-08 4.9 5.2 4.5 7.6
-17 4.9 4.8 5.1 6.1

a Salt concentrations in all dialysis concentrates in g l−1: 214.77 NaCl,
.56 MgCl2·6H2O, 6.31 CH3COONa (99%); with extra addition of 5.22 g KCl,
.15 g CaCl2·2H2O (F-50), 7.83 g KCl, 9.01 g CaCl2·2H2O for F-08; with extra
ddition of 5.22 g KCl, 6.43 g CaCl2·2H2O, 38.5 g glucose monohydrate for
-17.
b ET-AAS using preconcentration Al(III) on Spheron-Salicyl chelating sor-
ent at pH 4 and elution with 2 mol l−1 HCl.
c n = 7.
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. Conclusions

The extraction of Al-acetylacetone chelate followed by
he ET-AAS quantification is suitable for the control of the
races of Al in dialysis concentrates. The method is much
aster compare to the classical batch analyses mainly due
o the application of fully automated CFE extraction proce-
ure (shorter extraction times, faster phase separation) and
ighly reproducible and sensitive. The LODs were simi-
ar (0.3 �g l−1) to that obtained with fluorimetric extractive
rocedure with mordant dyestuff [15], but better than for flu-
rimetric extractive procedure with 8-HQ (0.7 �g l−1) [16],
ow injection spectrophotometric determination based on the
eaction of Al with eriochrome cyanine R associated with
etyltrimethylammonium bromide (3.24 �g l−1) [26], ET-AAS
fter preconcentration on microcolumns filled with Chelex 100
esin (0.5 �g l−1) [7] and adsorptive stripping voltammetry
0.8 �g l−1) [6]. On the other hand, they were worse than for
CP-MS after preconcentration on a microcolumn packed with
hromotrope 2B immobilized on AG1-X8 resin (0.1 �g l−1) [8]
nd extraction spectrophotometric determination of aluminium
ith 3,5-ditertbutylsalicylfluorone and ionic liquid 1-butyl-
-trimethylsilylimidazolium hexafluorophosphate (0.06 �g l−1)
18]. Our method is simpler and less expensive than the ICP
ethod. It does not require “clean laboratory” and costly instru-
ent and thus it is very suitable for most routine clinical

aboratories.
Aluminium in concentrations 5–6 �g l−1 (R.S.D.s 5–10%)

n the real dialysis concentrates were found that was under the
aximal acceptable levels (<10 �g l−1) according to the official

egislative recommendations. Control of the Al in dialysis con-
entrates is one of the most important factors in prevention of
iseases related to elevated levels of Al in patients with kidney
isorders that are being cured by dialysis processes.
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