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A method for Mo solid phase extraction on L-tyrosine immobilized on carbon nanotubes (L-tyr-CNTs) is presented.
L-tyr-CNTs were used to fill a minicolumn and introduced into a FI system employing inductively coupled plasma
optical emission spectrometry with ultrasound nebulization (USN-ICP OES). Five FI parameters such as buffer
flow rate (BFR) and concentration (BC); sample flow rate (SFR); eluent flow rate (EFR) and concentration (EC);
and pHwere chosen for optimization employing a half fraction composite design (HFFD).Multivariate optimization
through central composite design (CCD) allowed establishing the statistical ideal parameter values to reach
maximum Mo signal. From HFFD and CCD it was established that SFR was not affecting the system significantly
and that the optimal experimental conditions were: pH, 4.0; BC, 5 mM ammonium acetate; EC, 15% (v v−1) and
EFR, 2 mL min−1. Under these conditions an enhancement factor of 750-fold (25 for preconcentration system and
30 for USN)was obtained reaching a detection limit of 40 ng L−1with a precision of 1.32%. The systemwas success-
fully applied to a certified referencematerialNIST CRM1643e (trace elements inwater) and river, thermal,mine and
tap water samples.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

The transition element molybdenum is an essential micronutrient
for microorganisms, plants, and animals and is one of the ten biolo-
gically active elements [1]. Molybdenum (Mo) is the only second-row
transition metal with biological activity. Among the existing com-
pounds of Mo in nature, oxyanion molybdate (MoO4

2−) is the predomi-
nant form in solution at pH higher than 4.2, and therefore cells take up
Mo from the external medium in the form of molybdate [2].

Mo is present in low and diverse amounts in continental (5 nmol L−1)
and marine (100 nmol L−1) waters, and in soils (1.1 mg kg−1) [3–5]. In
biological tissues, Mo is one of the scarcest elements. In human serum,
molybdenum concentration lower than 1 μg L−1 was reported [6],
while mean concentration in urine was 42.5 μg L−1 [7]. In contrast,
many elements that are present in considerably larger amounts have no
apparent biological function (e.g., Al, Ti, or Zr) [8]. These low Mo con-
centrations in environmental and biological samples, along with the
high concentration of interfering matrix components, require sensitive
instrumentation to reach its determination.
In this sense ICP OES has been applied to molybdenum determina-
tion [9]. Despite the fact that it has been used by a good number of re-
searchers, it does not posses the necessary sensitivity for trace and
ultra-trace analysis, and the use of a separation–preconcentration pro-
cedure is inevitable [10]. Spectral interferences in Mo determination
by ICP-OES have been reported. Baucells et al. [11] reported the spectral
interference of aluminium and magnesium and Dos Santos et al. [12]
noted the spectral interference of aluminium, magnesium, and iron in
Mo determination. For all the aforementioned considerations, determi-
nation of trace amounts of Mo using ICP-OES is almost always preceded
by a previous pre-concentration step, using separation techniques [13].

Among the methods reported for preconcentration and matrix sep-
aration of molybdenum, sorbent extraction has proved to be especially
effective [14]. Nowadays, carbon nanotubes (CNTs) have been proposed
as a novel solid phase extractant for metal ions [15]. The hexagonal ar-
rays of carbon atoms in graphite sheets of CNTs' surface are ideal for
strong interactions with other molecules. The large surface areas of
CNTs make them a promising solid sorbent for preconcentration proce-
dures. In addition a proper surface treatment of CNTs can improvemetal
sorption and selectivity in SPE [16]. In this context different amino acids
have been immobilized on CNTs for metal retention like L-tyrosine [17,
18].
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Table 1
ICP and ultrasonic nebulizer instrumental parameters.

ICP conditions
RF generator power plasma 0.8 kW
Frequency of RF generator 40.68 MHz
Gas flow rate 8.5 L min−1

Auxiliary gas flow rate 1 L min−1

Observation height-above load coil. 15 mm
Analytical line Mo 202.030 nm

Ultrasonic nebulizer conditions
Heater temperature 140 °C
Condenser temperature 4.0 °C
Carrier gas flow rate 1 L min−1
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The introduction of on-line systems to solid phase extraction (SPE)
systems provides the possibility of automation which increases preci-
sion and accuracy [19]. However an on-line system requires optimiza-
tion of several variables leading to a tedious and time consuming
work. As an alternative, multivariate techniques have been introduced
for analytical method optimization [20]. These techniques allow several
variables to be optimized simultaneously representing several advan-
tages, such as speed of analysis, practicality, economy, and reduction
in the number of experiments that need to be carried out [21]. In addi-
tion, these methods are able to generate mathematical models that es-
timate the relevance as well as statistical significance of the factors'
effects on the processes and also evaluate the interactions' effects
among the factors. Factorial design is one of the mathematical models
for multivariate optimization and is widely applied in chemistry. In
order to determine the real functionality established among the analyt-
ical response and the significant factors, second order designs eventual-
ly are also necessary.

The present research introduces L-tyr immobilized on carbon
nanotubes (L-tyr-CNTs) as an alternative for Mo retention and
preconcentration. To this end L-tyr-CNTs were packed in a mini-
column and introduced into an FI system employing USN-ICP OES
as detection system. A two-level fractional factorial design was
used to evaluate the experimental variables including buffer flow
rate and concentration; sample flow rate; acid flow rate and concen-
tration; and pH. The experiments for the final system optimization
were performed according to the central composite response sur-
face experimental design. The system was successfully applied to
Mo determination in QC-LL2 standard reference material (metals
in natural water) and different water samples.
2. Experimental

2.1. Instrumentation

Measurements were performed with a sequential ICP spectrometer
Baird ICP 2070 (Bedford, MA, USA.). The 1 m Czerny–Turner mono-
chromator had a holographic grating with 1800 grooves mm−1. The FI
system used is shown in Fig. 1. An ultrasonic nebulizer, U 5000 AT
[CETAC Technologies (Omaha, NE, USA)], with desolvation system was
used. The ICP and ultrasonic nebulizer operating conditions are listed
in Table 1. A Minipulse 3 peristaltic pump Gilson (Villiers-Le-Bell,
France) was used. Sample injection was achieved using a Rheodyne
(Cotati, CA, USA) Model 50, four-way and of 6 ports, 2 positions, rotary
valves. The conical minicolumnwas prepared by placing 25mg of L-tyr-
CNTs into an empty conical tip using the dry packing method. To avoid
loss of filling when the sample solution passed through the conical
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Fig. 1. Dependence of Mo retention on pH of loading solutions. Volume of sample: 10mL;
Mo (VI) concentration: 1 mg L−1; eluent concentration: 10.0% (v/v).
minicolumn, a small amount of quartz wool was placed at both ends
of conical minicolumn. The column was then connected to a peri-
staltic pump with PTFE tubing to form the preconcentration system.
Tygon type pump tubing (Ismatec, Cole Parmer, Vernon Hills, IL,
USA) was employed to propel the sample, reagents and eluent. The
Mo 202.030 nm spectral line was used.

2.2. Reagents

Unless otherwise stated, the chemicals used were of analytical
grade, and therefore no further purification was required. A molyb-
denum stock solution (1000 mg L−1) was prepared by dissolving
920.3 mg (NH4)6Mo7O2 4·4H2O in water and the volume was filled
up to 500 mL with water and a few drops of concentrated nitric
acid (Fluka). Commercial multiwall CNTs were obtained from Sunnano
(Jiangxi, China). L-Tyrosine was obtained form MP Biomedicals Inc.
(Chicago, IL, USA).

2.3. Sample collection

Mine water samples were obtained from La Carolina (San Luis,
Argentina) abandoned mine. River water samples were obtained from
Conlara River (San Luis, Argentina) andQuinto River (San Luis–Córdoba,
Argentina). Thermal water samples were obtained from San Gerónimo
(San Luis, Argentina) pools. Tap water samples were obtained directly
from San Luis City (Argentina) water system. Immediately after collec-
tion, samples were filtered through 0.45 μmpore size membrane filters,
acidified with nitric acid, and stored at 4 °C in Nalgene bottles.

Themethod accuracywas checked by applying it toModetermination
in the standard reference material NIST CRM 1643e (Trace Elements in
Water).

2.4. Immobilization procedure

About 50 mg of commercial multiwall CNTs were treated with
concentrated HNO3 to clean them and eliminate possible Mo residues
present in CNTs since metallic impurities are inherently present in
CNT samples because CNTs are typically synthesized by using metallic
(typically Fe, Ni, Co, Mo) catalyst nanoparticles [22]. This procedure
also allowed the generation of \COOH and \OH groups on CNTs'
surface, improving their solubility [23]. After this, CNTs were centri-
fuged, filtrated and dried.

The resultant powderwas suspended in phosphate buffer pH7.0 and
an aliquot of 50 mg of the amino acid (L-tyr) was added to the buffer
solution. After this, the solution was heated for 48 h at 45 °C. Finally, it
was filtered, and CNTs were dried at room temperature.

2.5. Procedure

The flow injection system used for preconcentration, separation and
subsequent determination of Mo has been reported before [24,25]. Be-
fore loading, the column was conditioned for preconcentration at the
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optimized pH. A volume of sample was then loaded on the conical-
minicolumn at flow rate of 10 mL min−1. Finally, the molybdenum
retained was eluted with a 20% (v/v) nitric acid solution. After that, it
was introduced directly into the USN unit and subsequently to ICP
torch. The operation conditions were established and determination
was carried out.

2.6. Optimization strategy

The optimization process was accomplished using a half-fraction
factorial design and a central composite design (CCD). All the experi-
ments run in duplicate using 1 mg L−1 Mo (VI) solution. Five variables
were studied: sample flow rate (SFR), eluent flow rate (EFR), eluent
concentration (EC), buffer concentration (BC) and pH. Experimental de-
sign, data analysis and desirability function calculations were per-
formed by using the software Stat-Ease Design-Expert trial Version 8.0.

2.6.1. Screening phase: half-fraction factorial design (HFFD)
Experimental half-fraction factorial design is a factorial analysis in-

volving ½ of the number of experiments of the full factorial design.
This may be successfully applied with the aim to determine which var-
iables mainly influence Mo retention on L-tyr-CNTs. Moreover, a good
experimental design provides a simple, efficient, and systematic ap-
proach to optimize designs for performance, quality and cost. A dupli-
cate two-level factorial design with 2 × 2(5 − 1) = 32 experiments
(Table 2) is described here for the variables: buffer flow rate (BFR)
and concentration (BC); sample flow rate (SFR); eluent flow rate
(EFR) and concentration (EC); and pH.

2.6.2. Optimization phase: central composite design (CCD)
Systematic optimization procedures are carried out by selecting an

objective function, finding themost important factors and investigating
the relationship between responses and factors by the so-called
Table 2
Half design built for factor selection.

Experiment SFRa pH BFa ECa EFRa RASa

1 2 6 5 5 2 25.00
2 2 4 15 15 3 16.60
3 2 4 15 5 2 34.30
4 4 4 5 5 2 34.29
5 4 4 5 15 3 31.40
6 2 4 5 15 2 46.53
7 2 4 15 5 2 100.00
8 4 4 5 15 3 27.66
9 4 4 15 15 2 31.23
10 4 6 5 5 3 18.92
11 4 6 5 15 2 34.46
12 4 6 15 5 2 24.52
13 2 6 15 5 3 24.58
14 4 6 15 15 3 19.41
15 2 4 5 5 3 57.06
16 2 6 15 5 3 19.28
17 2 4 5 15 2 81.88
18 4 4 15 5 3 47.92
19 2 6 15 15 2 24.55
20 4 6 5 5 3 25.49
21 2 6 5 15 3 23.92
22 4 6 5 15 2 31.04
23 4 4 5 5 2 40.67
24 2 6 5 5 2 25.85
25 2 6 15 15 2 21.19
26 4 4 15 5 3 42.75
27 2 4 5 5 3 44.16
28 2 4 15 15 3 44.73
29 4 6 15 15 3 14.30
30 4 6 15 5 2 18.97
31 2 6 5 15 3 22.05
32 4 4 15 15 2 46.48

a SFR: sample flow rate; BF: buffer concentration; EC: eluent concentration; EFR: eluent
flow rate; RAS: relative analytical response.
response surface methods (RSM). In the common way, a simple re-
sponse is analyzed, and themodel analysis indicates areas in the design
region where the process is likely to give desirable results [29].

Once the conditions that ensure maximum Mo retention were
established, a spherical CCD was used here consisting of 30 experi-
ments; i.e. combinations of 4 factorial points, 4 axial points, and 6 repli-
cates of a central point. The studied levels were selected considering the
results of the HFFD.

All experiments were performed in random order to minimize
the effects of uncontrolled factors that may introduce bias in the
measurements.

3. Results and discussion

3.1. Preliminary studies: pH effect

As mentioned previously, Mo working standard solution was
prepared with a Mo6+ salt, [(NH4)6Mo7O2 4·4H2O]. Considering the
amino acid immobilized on CNTs, L-tyrosine, there is evidence for
bidentate coordination of amino acids andMo through one carboxyl ox-
ygen atom and the amino-nitrogen [26]. In addition, since L-tyrosine has
phenol as side chain-group (R-group), it has been stated that alcoholic
oxygen atomand one phenolic oxygen atommay be involved in the for-
mation of molybdenum dioxo complexes as well [27].

In Fig. 1Mo retention on L-tyr-CNTs according to pHcan be observed.
At lowpHvalues (b2.0) retention is not quantitative sinceMo6+ species
are protonated [28]. As pH increases, Mo retention percentage increases
accordingly withMo deprotonation and oxyanion formation.When the
alkaline region in the pH range begins, Mo retention decreases reaching
a minimum at pH values close to 10.0, coincident with L-tyrosine side
chain deprotonation (pKa = 10.5) [29]. For future studies a pH range
of 3.00–7.00 was selected for optimization studies.

3.2. Half-fraction factorial design (HFFD)

L-tyr-CNTs have been already employed for elemental [18] and
elemental species determination [17] as sorbent in SPE systems. It has
been described that pH, eluent flow rate (EFR) and concentration (EC)
and sample flow rate (SFR) are parameters governing the retention dy-
namics. Accordingly these parameters were chosen for optimization.
Since pH can be accurately controlled employing a buffer solution,
ammonium acetate was chosen as buffer and its concentration (BC)
was include as parameter for optimization.

Since many variables are involved in Mo retention efficiency by
L-tyr-CNTs it is important to elucidate which of these variables are
significantly affecting the system. In this sense HFFD arises as a valuable
statistical tool to clarify this matter. These factors were evaluated at two
levels each as discussed above (Table 2). The evaluation consisted in
analyzing stock standard solutions in all cited conditions. Analysis of
variance (ANOVA) and p-value were used to evaluate the significance
(p b 0.05) of the effects, main effects and their interactions on the SPE
system as depicted in the Pareto chart shown in Fig. 2 (ANOVA
Table included as Supplementary Electronic Material). There are 4 fac-
tors that significantly affect the retention system (negative effects):
B, pH (p b 0.0001); C, BC (p = 0.0026); D, EC (p = 0.0424) and E,
EFR (p = 0.0346). Only A, SFR, did not significantly affect the system
(p = 0.8456). This point contrasts with previous research where it
was stated that the influent concentration affects metal retention on
L-tyr-CNTs [18]. However the sample flow rate range evaluated in this
work is higher, between 2 and 4 mL min−1 and Mo concentrations
evaluated are lower, 0.1 mg L−1.

Pareto chart also shows other parameters that have been excluded
fromHFFD (bars fully colored) since they are not significantly influencing
the system. On the other hand, despite not being significant, variable SFR
(A) was included since AC interaction is significant acquiring hierarchy to
be included in further optimization.
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3.3. Central Composite Design (CCD)

From HFFD 4 variables, pH, BC, EC and EFR, arose as the most sig-
nificant factors affecting Mo retention on L-tyr-CNTs. In order to reach
an interpretation of those effects over the analytical response, a CCD
was built through a multilevel design. Table 3 shows the experimental
matrix defined for the factors previously selected in the HFFD. The
Table 3
Central composite design.

Experiment pH BFa ECa EFRa RASa

1 5 7.5 0 2.5 32.96
2 4 15 5 3 60.59
3 6 5 5 2 43.21
4 5 7.5 7.5 2.5 40.04
5 4 15 5 2 82.10
6 5 7.5 7.5 4 27.82
7 5 7.5 7.5 1 49.97
8 6 5 5 3 62.25
9 5 7.5 7.5 2.5 39.37
10 4 5 5 3 58.75
11 4 15 15 2 64.64
12 6 15 15 2 76.01
13 3 7.5 7.5 2.5 38.99
14 6 5 15 3 48.50
15 5 7.5 1 2.5 35.52
16 5 7.5 7.5 2.5 29.61
17 4 5 15 3 71.76
18 5 7.5 1 2.5 42.29
19 5 7.5 7.5 2.5 45.98
20 6 15 5 3 51.98
21 5 7.5 7.5 2.5 31.87
22 5 19 7.5 2.5 36.65
23 6 15 5 2 75.16
24 6 5 15 2 77.18
25 7 7.5 7.5 2.5 41.90
26 4 15 15 3 68.67
27 4 5 5 2 93.40
28 6 15 15 3 65.99
29 4 5 15 2 100.00
30 5 1 7.5 2.5 45.38

a BF: buffer concentration; EC: eluent concentration; EFR: eluentflow rate; RAS: relative
analytical.
experimental ranges evaluated to obtain the optimal conditions can
also be observed.

Fig. 3 shows surface responses of Mo retention as a function of the
individual factors under study, whilemaintaining the others at their op-
timal values. Asmentioned previously, variable A (SFR) was included in
CCD since AC interaction is significant to the system acquiring A hierar-
chy to be included in optimization. From observation and evaluation of
surface graphics from CCD, as general interpretation, Mo retention
increases at lower pH, BC, EC and EFR values in the studied range. As ex-
pected, SFRorA variable shows a slight influence onMo retention as can
be observed in themoderated slope of the edge's surface corresponding
to SFR axis.

Optimized experimental conditions corresponding to maximum
Mo signal after preconcentration are: pH, 4.0; BC, 5 mM ammonium
acetate; EC, 15% (v v−1) and EFR, 2 mL min−1.

3.4. Analytical performance

After optimization through HFFD and CCD, different analytical pa-
rameters were determined to define the performance of the FI-USN-
ICP OES system employing L-tyr-CNTs as sorbent for SPE. Under the op-
timized conditions and preconcentration of 2mL (1min at a flow rate of
2 mL min−1), an enrichment factor of 25 was obtained reaching an
overall enhancement factor of 750-fold (25 for preconcentration system
and 30 for USN) compared with direct Mo determination by ICP OES. A
detection limit (LoD) of 40 ng L−1 was obtained calculated according to
3σ definition. Precision was calculated as the standard variation of 10
standard measurements and corresponded to 1.32%. Linearity was
held until 10 mg L−1.

Table 4 shows a comparison between this research and different ap-
proaches reported in literature regard Mo preconcentration employing
SPE and FI systems. L-tyr-CNTs show improved features like sample vol-
ume, precision and enrichment factor, this last attributed to easilymetal
released by pH lowering and the presence of the active sites on the sur-
face, inner cavities and inter-nanotube space contributing to the high
metal removal capability of CNTs [18]. However L-tyr-CNTs showno im-
provement in sample flow rate, this can be explained considering the
minicolumns clogging observed when nanomaterials are used for SPE.
This statement is enforced by comparison of L-tyr-CNTs and nanome-
ter-sized titanium dioxide [30] sample flow rates with the rest ones of
the introduced sorbents in Table 4.

3.5. Recovery studies and validation

In order to evaluate the Mo recovery of this method and its suitabil-
ity for real sample analysis the method was applied to different water
samples, detailed in Section 2.3, as follows: ten sample aliquots were
divided into 4 aliquots and added with different Mo concentrations as
observed in Table 5. Recoveries were between 95.1 and 102.3%.

Mo concentration in water samples from San Luis–Argentina
water network corresponds to 0.63 ± 0.010 μg L−1. This value is
in good agreement with other studies reported in literature for Mo in
tap water. Ensafi et al. reported 0.19 ± 0.02 [31] and 1.06 ± 0.09 [32]
μg L−1. In addition Escudero et al. reported 0.88 ± 0.08 μg L−1 [24] and
Gil et al. reported 0.84 ± 0.02 μg L−1 [25] of Mo concentration in tap
water. The determined Mo concentration in drinking water samples is
below the tolerance limit concentration (80 μg L−1) of molybdenum in
drinking water established by the Environmental Protection Agency
(EPA), that is not expected to cause any adverse noncarcinogenic effects
for up to one day of exposure, intended to protect a 10-kg child consum-
ing 1 L of water per day [33].

Molybdenum was not detected in Conlara River water samples and
in Quinto River Mo concentrations of 0.53 ± 0.01 μg L−1 were deter-
mined. This concentration is in good agreement with those found by
Yamaguchi et al. [34] in the eastern area of Shimane Prefecture, Japan
near Mo mines. However Mo was not detected in water samples from
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Table 4
Comparison of different sorbents efficiency for Mo preconcentration with analytical purposes.

Sorbent Sample volume (mL) Sample flow rate (mL min−1) Enrichment factor Precision (%) Reference

L-tyr-CNTs 2 2 750 1.32 This work
Dowex 1 − x8 resin 600 5 120 b4 [35]
Metal alkoxide glass immobilized 8-quinolinole 7 3.2 20–30 3.29–8.41 [36]
Immobilized baker's yeasts on controlled pore glass 10 5.0 480 1.9 [25]
Muromac A-1 7 3.5 2.8–13.3 b5.4 [37]
Chitosan resin functionalized with 3,4-dihydroxy benzoic acid 5 1 8–12 0.5–4 [38]
Ethyl vinyl acetate turnings 20 5 300 3.5 [24]
Nanometer-sized titanium dioxide 50–100 1.5 100 1.8 [30]
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La Carolina mines. Molybdenum analysis in thermal water showed
concentrations of 3.3 ± 0.029 μg L−1. Molybdenum concentrations in
thermal water have not been reported in literature.

The accuracy of the proposed method was evaluated by molyb-
denum determination in a certified reference material NIST CRM
1643e, with a certified value for Mo of 121.4 ± 1.3 μg L−1 and a density
of 1.016 g mL−1 at 22 °C. The determined Mo concentration was of
120.8 ± 1.0 μg L−1, correspondent with the informed value in CRM.
Table 5
Recovery study (95% confidence interval, n = 10).

Sample Mo added (μg L−1) Mo found (μg L−1)c Recovery (%)a

Drinking water 0.0 0.63 ± 0.010 –

0.5 1.14 ± 0.018 100.1
1.0 1.55 ± 0.025 95.1
1.5 2.10 ± 0.032 98.6

Conlara River water 0.0 NDb –

1.0 0.97 ± 0.019 97.7
2.5 2.53 ± 0.031 101.3
5.0 4.83 ± 0.059 96.6

Quinto River water 0.0 0.53 ± 0.010 –

0.5 1.00 ± 0.012 95.9
1 1.98 ± 0.024 98.7
1.5 1.50 ± 0.026 100.3

Mine water 0.0 NDb –

1.0 1.01 ± 0.012 101.9
2.5 2.42 ± 0.031 96.9
5.0 4.99 ± 0.064 99.9

Thermal water 0.0 3.30 ± 0.029 –

1.0 4.29 ± 0.041 99.0
2.5 6.05 ± 0.061 102.3
5.0 8.40 ± 0.083 98.5

a [(Found-base) / added] ∗ 100.
b ND: Non Detected (LoD = 0.04 μg L−1).
c Confidence intervals calculated as +/− t(2; 0.05)s / (square root of n).
4. Conclusion

The present research continues demonstrating that the association
of amino acids and nanomaterials, in this particular case L-tyr and
CNTs, becomes suitable as sorbent for SPE systems. L-tyr and CNTs
were successfully introduced into an FI system employing ICP OES
with USN as detection for Mo determinations.

Mo retention according to pH revealed that themaximum retention
was achieved between 3.00 and 7.00 values coincident with Mo
oxyanion formation in aqueous solution. Along with pH, several FI pa-
rameters were optimized through a HFFD and CCD like buffer flow
rate and concentration; sample flow rate; and eluent flow rate and con-
centration. From these parameters, only the sample flow rate was not
significantly affecting the system.

Multivariate optimization through CCD allowed establishing the sta-
tistical ideal parameter values to reachmaximumMo signal. This optimi-
zation allowed elevated enrichment factors employing minimal sample
volume with precision and accuracy. This last feature was evaluated by
CRM analysis and recovery studies of San Luis City drinking water
samples, mine water samples from La Carolina (San Luis, Argentina),
river water samples from Conlara River (San Luis, Argentina) and Quinto
River (San Luis–Córdoba, Argentina) and thermalwater samples fromSan
Gerónimo (San Luis, Argentina) pools.

Future studies will continue evaluating the synergy between amino
acids' selectivity and CNTs' elevated surface for elemental retention
applied to analytical systems.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.microc.2014.06.003.
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