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Abstract

A bulk liquid membrane system has been used as preconcentration tool for the spectrometric determination of cadmium in seawater. |
membrane contained di-(2-ethylhexyl)-phosphoric acid (DEHPA) as mobile carrier dissolved in kerosene. The effects of the composition of bt
organic and agueous solutions on the permeation of Cd across the membrane were studied, and optimum conditions were found by the moc
simplex method. Maximum preconcentration rates were obtained at a sample pH of 4.7, maintained with a®.agetdte buffer solution, a
0.3 mol ! HNO; receiving solution, and a carrier concentration of 0.17 miolUnder optimum conditions, a preconcentration yield of 100%
was obtained for both synthetic and real seawater. The method was successfully applied to the determination of cadmium in real seawater.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction The preconcentration step is almost always required when
analysing many trace chemical compounds (as i.e. heavy met-

Since their introduction, liqguid membranes have been appliedls) in natural waters or seawater. The separation procedures
to the separation of many chemical species in different fieldsnostly used are based on ion exchange or solvent extraction.
such as metallurgyl,2], biotechnology[3,4], environmental The later gives more accurate results, but it is tedious and time
sciencegb,6], material sciencef,8], etc. One of the applica- consuming (about 24 h for the whole procedJfe)]. The use
tions of liquid membranes that has experienced higher develomf liquid membranes may decrease the time needed because of
ment in last decade is its use in analytical sample preparatiomthe simultaneity of extraction and back extraction processes.
mainly due to the advantages obtained if compared with classBesides, it needs a lower sample manipulation and, as a conse-
cal samples preparation technigy@gl0]. In this case, sample quence, implies lower sample contamination risk. In this work,
is treated before the application of any instrumental analyticalve have used a simple bulk liquid membrane system for matrix
method, in order to increase the concentration of analyte and/@eparation and preconcentration of cadmium in seawater, which
to remove matrix compounds. Among others, sample preparas known to be an environmental pollutant with toxic effects for
tion with liquid membrane has been used in bioanalysid the living organisms in aquatic ecosystems. It was based on the
or environmental analys[42]. Particular interest has the later, use of di-(2-ethylhexyl)-phosphoric acid (DEHPA) as a carrier,
where very low analyte concentrations together with high matrixwvhich was previously used for the extraction of cadmium from
effects may be found. A very singular case is the treatment aflifferent matrices and with different separation system, includ-
seawater samples, where the very high salinity implies an extriag liquid membranefgl5-17]
difficulty for the analysis of the sampl§s3].

2. Experimental

) 2.1. Reagents and solutions
* Corresponding author. Tel.: +34 956 016 433; fax: +34 956 016 460.

E-mail address: carlos.moreno@uca.es (C. Moreno). . .
1 On leave from Department of Analytical Chemistry, Faculty of Sciences, Adueous cadmium solutions used as source phases were

University of Zaragoza, 50009 Zaragoza, Spain. prepared from a commercial standard solution of 1000Thg |

0376-7388/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.memsci.2005.08.008



170 L. Irigoyen et al. / Journal of Membrane Science 274 (2006) 169-172

(Merck, Germany) and a matrix of 35gl NaCl. Nitric acid ~ simultaneously. With this aim, we have applied a modified sim-

(65%, reagent grade) was obtained from Scharlab (Spainplex method, by using the software Multisimplex 220].

Acetic acid (100%, pro analysis, p.a.), ammonium hydroxide At optimum chemical conditions, the hydrodynamics were

(25%, p.a.) and sodium chloride (p.a.) were obtained fron®lso studied, in terms of the dependence of permeability coef-
Merck (Germany). Kerosene (Fluka, Switzerland) and DEHPAficient on the stirring rate of both aqueous solutions within the

(Sigma—-Aldrich, Germany) were used as received. DeionisetRnge of 200-1200 rpm.

water was prepared using a Milli-Q academic equipment (Mil-

lipore, USA). 2.4. Application
To prevent the contamination of real samples, they were acid-

ified with nitric acid of Suprapur quality (Merck, Germany),and  Once the conditions were optimized, we studied its applica-

manipulated into a laminar flow hood. bility to real seawater. Thus, the temporal variation of preconcen-
tration yield was studied to select an optimum preconcentration
2.2. Apparatus and procedure time. Finally, the method was validated by analyzing a real sea-

water sample, and the results compared with those obtained from

Liquid membrane experiments were performed using ahe application of a standard methodology based on anodic strip-
homemade glass beaker-in-a-beaker type cell described elgsing voltammetry (ASV). The results obtained by both method-
where[18]. It consisted of two concentric beakers, containingologies were statistically compared to determine whether there
39 ml of the sample solution (external beaker) and 23.5 ml of thgvere significant differences between them.
acidic receiving solution (internal beaker). Cadmium ions were
transported through an organic liquid membrane formed by th
carrier (DEHPA) dissolved in kerosene that was placed over bot
agueous solutions, which were stirred during the experiment Lo
w?th a model “Big Squid” magnetic stirrer (IKA?, Germefny). To 3.1, Optimization of the system
maximize the transport rate, the volume of organic solution must
be as small as possible. In our case, 7.5 ml were used.

. Results and discussion

Table 1shows the results of the simplex optimization. The
R . . selection of the initial simplex (vertices 1-5) was software-
. The determination of can|um was done l?y atomic absorpf)erformed by assignment of a reference value and a step size
tion spectroscopy (AAS) with a Solaar M Series (Thermo Ele'for each variable. Then each new vertex was calculated by eval-

mental, UK). A model 2001 pH meter equipped with a mOdeluatin e - . .
; ; . g the permeability coefficients obtained for the previous
52-02 combined glass—Ag/AgCl electrode (Crison, Spain) Wa§imp|ex. The simplex was stopped after 20 membrane experi-

used to measure pH. ._ments. The criterion selected for stopping the search was based
Thelopt|m|s§t|on of thle transport system was done _by USINGn the comparison of the variance of each simplex with the
1mg ™ Cd(ll) in 35g1™* NaCl as source phase. During the variance of our method (evaluated from five replicates of one

exp_egmelrlwtst, 1.6ml allquotsdof_the recewmgt; s?luu%n vlvAejAr‘eStake xperiment). This comparison was carried out by calculating the
periodically to measure cadmium concentration by , an orresponding-values[21]. As may be observed ifiable 1,

1.6ml of. nitric aC|d_W|th the same concentration were added t ptimum conditions were obtained for trial 18, which corre-
the receiving solution to keep the volume constant. After mea:

t th trati | ted taking i rEponds to a source phase with pH 4.7 and 0.1 mokicetate
surement, the concentration values were corrected taking in uffer solution, 0.3 mol! HNO3z in the receiving solution, and

account the metal amount contained into the aliquots of receiv(r)_17 mol -1
ing solution previously removed.

The efficacy of the preconcentration system was quantifie
with the permeability coefficientR), calculated from the fol-
lowing linear relationshi19]:

DEHPA in the organic membrane.

After the optimisation of chemical variables, the hydrody-
ﬂamics of the transport system were studied in terms of variation
of permeability coefficient versus the stirring rate of aqueous
solutions within the range of 200-1200 rpm. As can be seen in
—In[Cd**] = Apt_in [Cd® o

Vs Table 1
whereA is the effective membrane arda, the sample volume, Simplex optimisation of chemical variables
and [Cd*]p and [Cd*] are the sample cadmium concentrationSvertex pH [HNG;] (M) [DEHPA] (M) [AcH/Ac—](M) P (cmmint)
at time 0 and, respectively.

1 3 01 0.02 0.1 0
2 3 01 0.08 0.2 0
2.3. Optimization of the system 3 3 03 0.08 0.1 0
4 4 03 0.02 0 1.3& 1073
The liquid membrane system was optimised by studying the® 4

0.1 0.08 0.1 1.72 1073

influence of the chemical variables influencing the separation: Lo : : :
process, such as pH of sample (source solution) and receiving 47 03 0.17 0.1 1.0410°1
solutions, buffer concentration in source solution and the con-. S _ . _
_centratl_on of DEHPA in the I|qU|_d membrane. Due to the_h|gh2{$ 43 03 0.18 o1 7 36 10-2
interactions between these variables, they must be optimize
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012 cium and magnesium over 500 and 2900 my respectively,
0.1 it which were transported through the liquid membrane. To pre-
Solutions ventthe transport of calcium and magnesium, 0:lgltric acid
£ 0.08 were added to the samples and the study was repeated. Under
g 0.06 - these conditions most of the €aand Mg* ions form com-
:_ plexes with citrat§22]. Although C&* may be also complexed,
0.04 1 from the results shown in curve B &ig. 2it follows that the
0.02 1 displacement of the citrate complexes in the sample-membrane
interface by DEHPA is strong enough to allow the permeation of
0 T T Cd?* through the liquid membrane, and then, 100% of the cad-
0 200 400 600 800 1000

mium ions presentin the real seawater samples were transported

through the liquid membrane after 10-11 h. Under these condi-

Fig. 1. Variation of permeability coefficient with stirring rate. Source phase:tions, the cadmium preconcentration ratio was 1.66. This ratio is

0.5mg " Cd(ll), 35g -* NaCl, pH4.7,0.1 molt* acetate. Receiving solution:  controlled only by the volumes of sample and receiving solution

0.3 mol I+ HNOs. Liquid membrane: 0.17 mot# DEHPA in kerosene. and, if required, it could be modified by using a membrane cell
with different volumes.

Fig. 1, the value o increased up to 900 rpm and then, for higher

rates, the liquid membrane system was broken (mixing of sourc& 3. Application

and receiving solutions took place). At 900 rpm, the membrane

was occasionally broken and so, a stirring rate of 750 rpm was 1he new preconcentration system was applied to the analysis

selected as optimum. of dissolved cadmium in a real seawater sample from the Gulf

of Cadiz (SW, Spain). The sample was filtered on-line through

0.45pm pore-size acid washed polypropylene Calyx Capsule,

stored in acid-precleaned low-density polyethylene bottles and

As afirst step for its application to the analysis of cadmium iI,]acidified with nitric acid until analysis. The concentration of cad-

seawater, the preconcentration yield of the system was studied!um n . Sa”?p'e was analysed in dupllc_aite by the proposed
With this aim, we studied the temporal variation of cadmiumMethodology (with a regult of 1:290.24;)ng ) and by Ajv
concentration in the receiving solution for six different real usedas refereqcetechnlque(W|tharesultof31:2508pgl ) .
samples previously spiked with different concentrations of CadUE C‘?mF’ared with the reference method, the result's obtained
mium, ranging between 0.6 and 1md! Curve A in Fig. 2 by liquid membrane methodolog_y presented a relative error of
shows the temporal variation of the metal transported from the_ 4.0%. The accuracy pfthe optamed result was tested by apply-
sample to the receiving solution. Error bars indicate the precisiowg the paired-test, which confirmed the absence of systematic
of the experiments, expressed as standard deviation. The tefprors at the 0.05 level

poral variation of preconcentration yield was independent of the .

initial concentration of cadmium and it was almost stopped aftef- Conclusions

about 8-9 h, reaching a value of 37.3%. This low yield could be . .

due to the co-transport of other cations, such as calcium and CdP* ions can be effectively separated and preconcentrated
magnesium, present at high concentrations in real seawater. TH@M Seawater through a bulk liquid membrane containing

analysis of receiving solutions revealed concentrations of cal?’EHPA in kerosene, allowing the precise and accurate anal-
ysis of this metal in real samples. As DEHPA is a hon-selective

extractant, other cations are co-transported through the mem-
B | brane. In this case, the transport of calcium and magnesium
decreases the effectiveness of cadmium permeation. This prob-
lem may be overcome by masking calcium and magnesium with
citric acid. If compared with the standard methodology used in
R chemical oceanograpt4], the new method based on liquid

- membranes offers advantages such as simplicity, lower sample
ﬁ manipulation (very important in trace analysis to prevent sample

contamination) and lower time needed for sample pre-treatment.
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