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Abstract

A nanosorbent for dispersive solid-phase extraction was fabricated by functionalizing multiwalled carbon nanotubes with
sulfosalicylic acid after oxidation and thiolation followed by decoration with Fe;O, nanoparticles. Incorporation of hydro-
philic carboxylic and sulfonic acid groups introduces coordinating ability and accessibility for cadmium and lead, resulting
in high sorption capacity of 217.39 and 454.54 mg g™, respectively. Decoration by magnetic nanoparticles enhances its
dispersibility and facilitates the separation of solid phase without tedious centrifugation or filtration processes, which is
the exclusive objective of dispersive solid-phase extraction. The functionalized sorbent was characterized by FT-IR, SEM
and TEM. The uniform and monolayer sorption behavior of the sorbent was proved by an evident fit of the equilibrium data
to Langmuir isotherm model. The analytical method developed after optimizing the experimental variables such as solu-
tion pH, sorption time, amount of sorbent, desorption condition for preconcentration and separation enables the use of an
economically viable less sensitive AAS for trace determination due to the improved detection limit of 0.13 and 1.21 pg L™
for cadmium and lead, respectively. Commonly occurring concomitant ions in the real samples was not found to interfere
in the trace determination of analyte. The good precision was assessed by the determined average day-to-day coefficient of
variation of 3.02% for cadmium and 2.29% for lead. The accuracy and applicability of the present method for sequential
cadmium and lead determination are substantiated by the analysis of Standard Reference Material and environmental water
samples from electroplating industries, river water and tap water.

Keywords Dispersive solid-phase extraction - Flame atomic absorption spectrometry - Magnetic multiwalled carbon
nanotubes - Toxic metals

Introduction protocols that will achieve the correct functionalization of

the CNTs. This will improve the analytical parameters and

The current trend in solid-phase extraction (SPE) is the use
of nascent (Kocot et al. 2013), oxidized (Sitko et al. 2013)
or modified carbon nanotubes (CNTs) (Sahmetlioglu et al.
2014). An important objective in this field is the design of
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physicochemical stability of CNTs for their better use in var-
ious environmental matrices. The present-day environmental
jeopardy is mainly due to the diversified uses of metals in
varied forms. The US Agency for Toxic Substances and Dis-
ease Registry (ATSDR) 2013 Substance Priority List ranks
cadmium as 7th and lead as 2nd priority substances based
on a combination of their frequency, toxicity and potential
for human exposure at National Priorities List sites (ATSDR,
2013). Both cadmium and lead are ubiquitous heavy metal
pollutants which are toxic, persist in the environment and
bioaccumulate in food chains (Cheng et al. 2005; Saleh
2016; Islam et al. 2015a). Individually or synergistically,
these metals pose a serious threat to human health on every
encounter and remain as toxicants (Watson 1999; Sigel et al.
2011). The maximum permissible levels of the toxic metals
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have been set at the lower limits by both national and inter-
national regulations. This makes their accurate quantifica-
tion the foremost step to check their contamination level, to
monitor the efficiency of the action plan taken for pollution
control and to assess its exposure and effects on biota (Islam
etal. 2012, 2013a, 2014a). Since the discovery of CNTs they
have been widely explored for SPE (Saleh 2015; Pyrzynska
2010; Liang et al. 2004; Zawisza et al. 2012; Taghizadeh
et al. 2014) because of their high surface area-to-volume
ratio, physiochemical stability and mechanical strength. In
addition, the manipulable surface chemistry of CNTs offers
both chemical or physical functionalization by introducing
simple organic groups, biomolecules, polymers, or bacte-
ria in order to optimize the specificity of the approach or
improve subsurface mobility for sorption of target analyte
even at trace levels (Cui et al. 2011; Vicentini et al. 2014).
Sorption studies using carbon-based nanomaterials report
rapid equilibrium rates, high sorption capacity, effective-
ness over a broad pH range, and consistency with sorption
isotherms (Cheng et al. 2005; Danmaliki and Saleh 2017;
Saleh and Danmaliki 2016, 2017a; Ding et al. 2016). The
tunable properties of CNTs in combination with adaptability
of magnetic solids inspire innovative solutions to persistent
environmental challenges. Since the introduction of mag-
netic separation method in 1999 by Safarikova et al. (Safa-
rikova and Safarik 1999) the research in magnetic solids

is continuously increasing (Islam et al. 2016a). The use
of magnetic extraction in analytical method has proved to
be highly efficient owing to the enhancement of dispers-
ibility of solid phase which facilitates its easy separation
from the aqueous solution by applying an external magnetic
field. Hence, dispersive solid-phase extraction (DSPE) over-
comes the demerits of conventional solid-phase extraction
like packing of sorbent into the column, tedious centrifuga-
tion and filtration processes where loss of nanosorbent was
observed. (Chen et al. 2011). The versatility of magnetic
materials in analytical chemistry proposes their use for very
different types of analyte from a simple inorganic ion to
complex biomolecules. The present research is an effort
dedicated to the challenge in the improvement of SPE-CNT
coupled atomic spectrometric determination methods for
metal ion (Latorre et al. 2012).

Considering the above, it is for the first time a nanosorb-
ent is fabricated by functionalizing the nascent multiwalled
CNTs (MWCNTs) with 5-sulfosalicylic acid (SSA) reagent
followed by decoration with magnetic nanoparticles for
DSPE. The presence of carboxyl and highly hydrophilic sul-
fonic group in the chosen SSA reagent introduces the metal
chelating sites and accessibility to the metal ions resulting in
higher sorption capacity compared to the recent researches
on SPE-CNT (Table 1). The detection limits reported here
by the adjunction of the proposed DSPE with a cheap and

Table 1 Comparison of some characteristics of the recent researches on nanomaterials coupled to different techniques for the determination of

Cd and/or Pb

Sorbent Mode of operation SC* LODP Technique References
(mgg™) (ng mL™)
Cd Cd Pb

Magnetic functionalized MWCNTs DSPE®

MWCNTs Syringe column -
MWCNTs Micro-column 7.42
Oxidized MWCNTSs DSPE -
Oxidized MWCNTSs DSPE -
Functionalized MWCNTs Column -
Magnetic functionalized MWCNTs MSPE! 201.0
CNT paste electrode modified with Electrolytic -
chitosan

Magnetic functionalized TiO, NPs’ DSPE 9.34
Magnetic functionalized SiO,_ NPs DSPE -
Functionalized graphene DSPE -
Magnetic graphene Batch -

Polystyrene immobilized graphene oxide Column -

150.0 0.09 0.72 FAAS

11.18 0.21 1.21 FAAS

217.39 454.54 0.13 1.27 Sequential FAAS® This work

030 —  FAAS Sitko et al. (2013)
0.04 —  ICP-AES" Liang et al. (2004)
1.00 2.1 TXRF® Kocot et al. (2013)

- - 19 WDXRF Zawisza et al. (2012)

603 - 027 ICP-OES® Cui et al. 2011)

Taghizadeh et al. (2014)

~  11.8 SWADSVK Vicentini et al. (2014)

Ramandi and Shemirani (2015)

10.7 - 1.66 FAAS Ramandi et al. (2014)

6.10 2.0 WDXRF Zheng et al. (2014)
- 0.32 - FAAS Alvand and Shemirani (2014)
22792 — 2.3 FAAS Islam et al. (2014b)

Sorption capacity, ®limit of detection, °dispersive solid-phase extraction, “flame atomic absorption spectrometry, ®total X-ray fluorescence spec-
trometry, ‘wavelength-dispersive X-ray fluorescence spectrometry, %inductively coupled plasma optical emission spectrometry, "inductively cou-
pled plasma atomic emission spectroscopy, 'magnetic solid-phase extraction, ‘nanoparticles, *square-wave adsorptive stripping voltammetry,

lwavelength-dispersive X-ray fluorescence

]
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reliable technique like flame atomic absorption spectrometry
(FAAS) are comparable to those obtained by sophisticated
analytical techniques as well as FAAS with MWCNTSs or
other sorbents (Table 1). The proposed methodology lies in
the green analytical chemistry rules and is environmentally
innocuous as it restricts the release of MWCNTSs and there
is no use of any toxic solvent for elution purpose (Pena-
Pereira et al. 2010). The adaption of proposed optimized
and validated DSPE coupled with sequential FAAS resulted
in accurate and precise determination of Cd and Pb in SRM
NIES 8 and real environmental water samples.

The whole research had been carried out during the year
2014-2016 in Analytical Research Laboratory, Department
of Chemistry, Aligarh Muslim University, Aligarh, India.

Materials and methods
Materials

The chemicals used throughout this study were of analyti-
cal reagent grade (Merck, Mumbai, India). Stock solutions
of 1000 mg L™! of Cd and Pb each were procured (Merck,
Darmstadt, Germany). These solutions were then further
diluted with triple-distilled water (TDW) to obtain work-
ing solutions. The pH of all the solutions was adjusted by
suitable buffer solutions (Orion 2 star model pH meter,
Thermo Scientific, MA, USA): HCl/glycine (pH 1.2-3.6),
CH;COOH/CH;COONa (pH 4.0-6.0), Na,HPO,/C,H30O,
(pH 7.0-7.8) and NH,CI/NH; (pH 8-10). Long MWCNTs
with mentioned DXL 110-170 nm X 5-9 um of >90% car-
bon basis and SSA reagent were purchased (Sigma-Aldrich,
MO, USA, and Merck, Mumbai, India, respectively). The
environmental SRM of vehicle exhaust particulates (NIES
8) was obtained from the National Institute of Environmental
Studies (Ibaraki, Japan).

Fabrication of MS-CNTs

One gram of MWCNTs was purified with 200 mL of 10%
HCI to eliminate the impurities and possible residues (Li
etal. 2011). Purified MWCNTSs were treated with a mixture
of oxidant (15 mL), H,SO,:HNO; (12:3 mL), for 10 hin a
water bath at 55 °C. This introduces -COOH groups not
only at original defect sites, but also at newly created defect

sites along the walls during oxidation, improving dispers-
ibility (Zhang et al. 2003). The oxidized MWCNTs (ox-
MWCNTs) were filtered and washed repeatedly with TDW
to neutral pH. This resulted in open-ended tubes, function-
alized with carboxylic acid groups (Savio et al. 2011). For
further functionalization, ox-MWCNTs were subjected to
thiolation, a chemical defect reaction in which ox-MWCNTs
were charged with 30 mL of thionyl chloride (SOCl,) and
2 mL of dimethylformamide (DMF) with stirring at 70 °C
for 24 h, filtered and washed with tetrahydrofuran (THF) (Li
et al. 2007). The prepared MWCNT-COCI was refluxed with
an aqueous solution of SSA (5 g) for 10 h in the presence
of triethylamine (5 mL) as catalyst to capture the HCI pro-
duced during synthesis. The novel SSA-fabricated nanotubes
were then magnetized by gradually adding a 250 mL aque-
ous solution of mixed FeCl;-6H,0 (1.86 g) and FeSO,-7H,0O
(0.96 g) into SSA-fabricated nanotubes (1.0 g in 200 mL) at
80 °C, and then 5 mL of 30% ammonia solution was added
quickly for the coprecipitation of Fe;O, nanoparticles on
nanotubes. The temperature was raised to 85 °C, and 5 mL
of 25% ammonia solution was added to adjust the pH to 10.
After rapid stirring of 45 min, the resultant nanotubes were
cooled to room temperature and separated from the solu-
tion with the aid of external permanent magnet followed by
washing with TDW. The finally obtained magnetic MWC-
NTs fabricated with SSA were oven-dried at 60 °C for 12 h
and abbreviated as MS-CNTs (Fig. 1).

Characterization of MS-CNTs

Fourier transform infrared spectra (FT-IR) was (PerkinElmer
spectrum two spectrometer, MA, USA) obtained using KBr
disk method in the range between 500 and 4000 cm™' with a
resolution of 2.0 cm™', and the interferograms were recorded
by accumulating 32 scans. Scanning electron microscopy
(SEM) along with energy-dispersive X-ray analysis (EDS)
spectra (Jeol ISM-6510LV, Tokyo, Japan) after-coated with
a gold overlayer to avoid charging during electron irradiation
was used to record the micrographs for the surface mor-
phology and micro-compositional analysis of the sorbent
(Haruna et al. 2016; Al-Shalalfeh et al. 2016). Transmission
electron microscope (TEM) images were recorded to exam-
ine the diameter of nanotubes and Fe nanoparticles (Jeol
JEM-2100 microscope, MA, USA) at a maximum accelerat-
ing voltage of 200 kV.
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H,SO:HNO; (3:1)

-
-

10 h,55°C

o// OH

Fig. 1 Proposed scheme for the fabrication of MS-CNT

Pretreatment of samples and SRMs

To evaluate the proposed DSPE method, three types of
environmental water samples were used for evaluation: tap
water, river water and electroplating waste water (EPW).
To calculate the presence of potential pollutants in different
areas tap water samples were collected from two locations.
Three municipality taps (A) in the residential area near the
industries (Aligarh City, UP, India) and tap (B) in our labo-
ratory. Tap water (1 L) was collected after allowing to flow
for 10 min three times in the interval of 1 week and then
pooled to make a composite tap water sample. Similarly,
EPW samples were collected at two different spots (A and
B) dependent on varying distance from the main industrial
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area (Aligarh, UP, India) (Islam et al. 2015b). The difference
in distance is an inverse measure of the vulnerability of the
nearby residents to the potential hazards by analyzed carcin-
ogens. Spot A was located in the vicinity of the main source,
and spot B was the enclosed water pond, in the residential
area 10 km away from spot A. River water sample was also
investigated for the same river in two different cities. The
river water was collected from the Ganga in Narora (A)
and Kanpur (B) cities in UP, India. These river waters are
exposed mainly to the local residents. The sampled water,
immediately after collection, was filtered through Millipore
cellulose membrane filter (0.45 pm pore size), acidified to
pH 2 with nitric acid and stored in a precleaned polyethyl-
ene bottles. 100 mL volume of each type of samples was
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Fig.2 Images of a dispersed MS-CNTs; b separation of MS-CNTs by
an external magnet

further subjected to the developed protocol. The digestion
of environmental SRM NIES 8 was carried out as reported
in an earlier work (Islam et al. 2010a, b). The solution was
evaporated to near dryness, dissolved in minimum volume
of 2% HCI, filtered and made up to a 500 mL volume in a
calibrated flask. From this an aliquot (100 mL) of prepared
SRM solution was taken for the determination of metal ions.
The pH was optimized accordingly, and all the samples and
SRM were subjected to the given protocol. The concentra-
tion of desorbed Cd(II) and Pb(Il) in the eluent was deter-
mined by FAAS.

Dispersive SPE/FAAS method for sequential
determination of Cd and Pb

A thermostatted mechanical shaker (NSW-133, New Delhi,
India) at 120 strokes min~! and 30 +0.2 °C was used to get
the simultaneous equilibration states for both targeted Cd
and Pb. Batch static procedure was followed to optimize
the studied experimental variables. An optimized amount
of MS-CNTs was stirred for an optimized set of time and
pH conditions with 100 mL of model solution containing
both Cd and Pb for the simultaneous sorption. After equi-
libration the sorbent was easily separated from the solution
by utilizing an external permanent magnet (Fig. 2), in frac-
tion of minute without any loss of MS-CNTs. The sorbed
analyte ions were then simultaneously eluted with 5 mL of

eluate and sequentially determined in an integrated mode
on an automatic flame control atomic absorption spectrom-
eter (GBC 932+, Dandenong, Australia) with deuterium
background correction and slit width of 0.5 nm each at the
wavelength of 228.8 nm and 217.0 nm, respectively, on air-
acetylene flame. Prior to next sorption/desorption cycle the
sorbent was flushed to neutrality by TDW to ensure similar
pH conditions.

Results and discussion
Characterization of MS-CNTs

In the FT-IR spectra (ESI Fig. 1) the characteristic peak
appearing at 3440 cm™! corresponds to structural O—H
stretching vibrations (Saleh et al. 2017b). The peaks at
1265 and 1600 cm™! are associated with C—O and phenolic
C=0 stretching vibrations, respectively (Saleh et al. 2017c).
The band at 1448 cm™ is assigned to the stretching of C=C
bonds (Drago 1965). The appearance of medium-intensity
peak at 757 cm™! corresponds to C—S stretching vibrations
of bonded sulfonic groups. In addition, the peaks at 2922
and 3024 cm™" are assigned for aliphatic C—H and aromatic
C-H stretching vibrations, respectively (Drago 1965). This
confirmed the functionalization of SSA onto MWCNTs.
The FT-IR spectra of Fe,0;-modified CNTs show a peak
at 696 cm™~! which represents the presence of iron oxides
in the prepared composite. Such peak can be assigned to
Fe—O bond (Saleh et al. 2017b). The SEM and TEM micro-
graphs of MS-CNTs (Fig. 3) indicate the decoration of nano-
tubes with magnetic nanoparticles in the range of 8-15 nm
(inset Fig. 3b with direct magnification of 50,000x). The
SEM image shows the long-sized tubular structure of CNTs
with identical diameter. In TEM image the deposition of
Fe particles which roughened the surface is clearly visible
and indicates the successful preparation of magnetite CNTs.
The EDS spectra shown in Fig. 4a confirm the successful
oxidation of MS-CNTs. The presence of both S and Fe
(Fig. 4b) along with the O atoms was noted in the micro-
compositional analysis of MS-CNTs which are not observed
in oxidized CNTs suggesting the fabrication of MS-CNTs.
The add-on of analyte atoms Cd and Pb peaks in EDS of
MS-CNTs after the sorption equilibrium confirms the uptake
of analytes (Fig. 4c).
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Fig.4 EDS investigation of a 0ox-MWCNTs; MS-CNTs b before and ¢ after Cd(IT) and Pb(II) sorption

Optimization of DSPE method
Effect of solution pH on simultaneous Cd and Pb sorption

The sorption mechanism is mainly attributable to chemical
interactions between metal ions and the surface functional
groups rendering the sorption capacity sensitive to changes
in pH. The effect of pH on the extraction recovery of analyte
ions was examined by subjecting the Cd and Pb sorption
(each 0.20 mM, volume 100 mL) to pH changes in the range
of 2—-10. The resulting effect of pH on analyte sorption is

* @ Springer

illustrated in Fig. 5. The low sorption in acidic region can
be attributed, in part, to competition between protons and
analyte ions on the same sites. The increase in sorption on
decrease in protonation may be due to mono-, di- and tri-
anionic SSA species (H,SSA~, HSSA%~ and SSA3~) (Smith
et al. 2007) involving chelation through the potential donor
sites of the SSA molecule (the sulfonic acid, the carboxylic
acid and the phenolic groups), added with the presence of
more oxygen acceptor atoms from the remaining carboxylic
functionality introduced on MWCNTs. The charge of MS-
CNTs surface becomes more negative with the increase in
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Fig.5 Effect of sample solution 2.40 -
pH on the sorption capacities of
Cd and Pb by MS-CNT and the
as-received MWCNTs (metal
ion 0.20 mM, Vol. 100 mL, 2.00 1
time 50 min)
D 1.60 -
=
E
2
S 1.20 -
o
«Q
o
c
0
5 0.80 -
S
o
(2]
0.40
0.00

—=4A— Pb: MS-CNTs

—8— Cd: MS-CNTs

—©— Pb: SSA functionalized

MWCNTs
Cd: SSA functionalized

MWCNTs

—%— Pb: oxidized MWCNTs

—— Cd: oxidized MWCNTs

—%— Pb: nascent MWCNTs

—©— Cd: nascent MWCNTs

pH, which causes electrostatic interactions and results in
higher sorption of analyte ions. In conclusion, for the maxi-
mum uptake without the doubt of hydroxide formation pH
8+0.1 was optimized in all further experiments. The higher
uptake for Pb than for Cd is in agreement with the general
trend attributed to higher electronegativity and first stabil-
ity constant of the associated metal hydroxide (Dastgheib
and Rockstraw 2002). The high hydrophobicity and lack of
functionality make the nascent MWCNTs weak sorbents for
both Cd and Pb (Fig. 5). The proposed material after the
fabrication of MWCNTs was advantageous regarding these
two drawbacks. The nascent MWCNTs generally contain a
fraction of catalytic metal residues, which may release into
the aqueous phase and account for the very low sorption of
metals shown in Fig. 5 for the case of nascent MWCNTs.
The oxidized and then SSA functionalized MWCNTs also
tend to show sorption capacities for both Cd and Pb much
lower than the final product MS-CNTs as shown in Fig. 5.
Thus, the effective approach adopted here brings in dual
functionality and improves the dispersibility of MS-CNTs
in aqueous solutions, resulting in drastically enhanced Cd
and Pb uptake.

Effect of sorption time
The sorption kinetics that described the metal ion uptake

rate and governed the contact time of the sorption reaction
is one of the important characteristics. The sorption kinetics

were studied in the time range of 10-80 min. ESI graphics 2
depicts that approximately 30% Cd and 20% Pb were sorbed
in initial 10 min. 30 min was required for 50% saturation
(t,,,) of the total uptake capacity, while the two reached the
equilibrium and get saturated in 40 min and 50 min, respec-
tively. A further increase in the contact time does not show
any increase in the sorption of either of the analyte ions. The
time of 50 min was sufficient for the complete accessibility
of the active sites by the analyte ions and available surface
offered by MS-CNTs for the analytes to reach 100% satura-
tion. Hence, the optimized equilibration time of 50 min was
used in all subsequent experiments.

Amount of sorbent, desorption conditions and stability

The effect of the MS-CNTs amount on the DSPE efficiency
following the univariate approach was tested in the range
from 20 to 100 mg of MS-CNTs for 100 mg L=! of both met-
als. In practice, 50 mg of MS-CNTs was sufficient enough to
provide more sorption sites and gain high enrichment effi-
ciency to ensure the quantitative extraction of trace target
analytes from the analyzed real samples. The aim of this
study is to sequentially determine the two stated toxic met-
als. This makes it an essential requisite to select the same
eluent for both the targeted metal ions. Different acidic and
basic solutions with variations in volumes (1-10 mL) and
concentrations (0.1-2.0 M) were used. The solutions of HCI1
and HNO; resulted in quantitative recovery of analyte ions

o’
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but also the leaching of decorated Fe;0, particles, resulting
in loss of magnetism and restricting the sorbent’s recycling.
This was not preferred. To avoid this basic solutions of NH;
and NaOH were studied. It was found that>98% recovery
of both Cd and Pb was possible with 5 mL of 2 N NH;.
The repeated availability of MS-CNTs through sorption/
desorption cycles is quite critical for its application in the
DSPE of Cd and Pb sorption in real samples. Herein, the
stability of MS-CNTs was investigated following the above-
stated batch procedure. The followed up sorption/desorption
depicts that there is no significant decrease in the simulta-
neous sorption capacity of both analyte ions even after 12
cycles. This established that MS-CNTs could be regenerated
up to 12 times without any noticeable loss in its properties.
The sorbent not only possesses higher sorption capability,
but also shows better desorption property. This in combina-
tion with the fact that only a small amount of 50 mg sorbent
is required per cycle will reduce the overall costing for the
fabricated sorbent.

Sorption isotherms

The sorption behavior of the developed DSPE for Cd and Pb
was evaluated by the individual analysis of Langmuir and
Freundlich isotherms. The concentration was increased in
the range of 450-600 and 830-920 mg L~! for Cd and Pb,
respectively. The initial concentration of sorbate is the driv-
ing force to overcome the mass transfer resistance between
the two phases. The experimental data were treated with
the linearized form of both isotherm equations (Islam et al.
2010a, 2013b). The Langmuir plot (Fig. 6) for both the ana-
lytes resulted in a correlation coefficient value of >0.99 in
comparison with lower r? values obtained by Freundlich
plot (ESI Fig. 3, 4). The experimentally obtained sorption
capacities for Cd and Pb are 208.86 and 435.72 mg g~! of
MS-CNTs, in good agreement with the capacity values
of 217.39 and 454.54 mg g~! as determined by Langmuir
model, respectively. It confirms the Langmuir fit to the pre-
sent data, which assumes the monolayer sorption.

Effect of interferents

To investigate the effects of potential interferents at the
levels at or above which they may occur in the extraction
recovery of Cd and Pb synthetic Cd and Pb solutions (100 ug
L~! each) were prepared along with the interferents and the
recovery was monitored. The presence of alkali, alkaline
earth metals and certain anions and few transition metal
cations was considered as interference if the tested inter-
ferents caused a variation greater than + 5% in the quantita-
tive recovery of either of the analytes. From Table 2 it was
observed that at the tested conditions none of the interfer-
ents caused a noticeable deterioration of both Cd and Pb
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Fig.6 Langmuir sorption isotherm for Cd and Pb (pH 8 £0.1, Vol.
100 mL, time 50 min)

signals as the % recovery for both the analytes is >96%. This
establishes the efficiency and ultimate utility of the proposed
DSPE protocol in the trace determination of Cd and Pb in
the complex environmental matrices.

Analytical figures of merit and method validation

At optimal DSPE conditions and instrumental param-
eters the calibration curves with regression equations of
A=0.306C,+0.001 (R*=0.999) and A =0.033Cp, +0.027
(R*=0.993) for Cd and Pb were found linear. The limit of
detection (LOD) for Cd and Pb evaluated as 3S/m (where S
and m are the standard deviation of the blank and the slope
of the calibration graph, respectively) corresponding to a
preconcentration factor of 20 (Islam et al. 2016b) was found
to be 0.13 and 1.27 ug L', respectively. It is evident from
Table 1 that the LOD data are superior than those of the
other nanosorbent coupled FAAS method (Sitko et al. 2013;
Ramandi et al. 2014; Ramandi and Shemirani 2015; Alvand
and Shemirani 2014) and comparable with other sophisti-
cated analytical techniques (Kocot et al. 2013; Zawisza et al.
2012; Cui et al. 2011). Limit of quantification (LOQ) calcu-
lated as 10S/m corresponding to a preconcentration factor
of 20 was found to be 0.43 and 4.03 pg L~! for Cd and Pb,
respectively. The good precision for the proposed DSPE was
assessed by running 3 intra-batch replicates of 100 pg L™!
Cd and Pb each for three consecutive days. The sequentially
determined average day-to-day coefficient of variation was
3.02% for Cd and 2.29% for Pb. The absence of systematic
and constant errors in the proposed DSPE was confirmed
by the analysis of SRM and recovery experiments in spiked
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Table 2 Effect of interfering ions on the sequential determination of
100 pug L™! Cd and Pb each using DSPE/FAAS

Foreignions Added as  Amount %Recovery (RSD)*

added

(x10%ug L™ Cd Pb
CO- Na,CO; 230 99.11 (0.97) 97.82 (2.05)
S0, Na,SO, 2200 98.40 (2.14) 97.30(0.92)
PO~ Na,HPO, 2000 97.53 (2.04) 97.71 (2.24)
NO;~ NaNO, 300 98.12 (1.07) 99.03 (0.65)
ClI- NaCl 7500 98.50 (2.46) 99.94 (0.73)
Br~ NaBr 7500 98.02 (3.07) 99.31 (2.62)
Na*t NaCl 5000 98.51 (0.83) 99.92 (0.84)
K* KCl 4000 99.11 (1.41) 100.0 (0.96)
Ca** CaCl, 600 98.72 (1.68) 100.6 (1.05)
Mgt MgCl, 1000 97.43 (1.04) 100.1 (0.76)
Co>* Co(NO3), 0.25 99.40 (2.58) 100.3 (2.70)
Ni** Ni(NO3), 0.25 98.84 (1.21) 96.41 (2.43)
Cu?* Cu(NO3), 0.25 100.2 (2.57) 99.93 (2.01)
Zn** ZnCl, 0.25 97.70 (2.09) 100.3 (1.91)
IN=3

environmental samples (Islam et al. 2015c, 2016¢, Islam and
Kumar 2016), respectively. An accurately weighed amount
of SRM NIES 8 was analyzed by the proposed DSPE
method. Considering the presence of many diverse concomi-
tant ions in the analyzed SRM regarding its composition it

is critical to highlight that none of the potential interferents
deviated the quantitative recovery of either Cd or Pb. The
relative standard deviation was assessed by the sequentially
determined average day-to-day coefficient of variation of
3.02% for Cd and 2.29% for Pb. In case of Cd t,; (1.81) <t
(4.303), while for Pb 7., (1.21)<1,,, (4.303), calculated
by using Student’s 7 test at 95% confidence limit (n=3).
The absence of statistical significance for mean observed
Cd (1.06 pg g7') and Pb (217.30 pg g~') values from the
certified values of 1.1 and 219 pg g~' in NIES 8, respec-
tively, clearly indicates that the developed method has no
systematic errors. To evaluate the matrix effects and affirm
the absence of constant errors, the real samples were spiked
with varying amount of both analytes and were analyzed
by the same optimized method (Table 3). The recovery of
spiked Cd and Pb was observed to be >96%, which would
have been impossible without the adjunction of the proposed
DSPE coupled sequential FAAS determination.

Application to real samples

The practical utility of the developed DSPE protocol was
examined by the simultaneous extraction followed by
sequential determination of both Cd and Pb in real envi-
ronmental water samples with 95% confidence level. The
obtained results are listed in Table 3. The concentration of

Table 3 Analytical results for

. o Samples Amount spiked Cd Pb
sequential FAAS deFermlnatlon (ug LY _ -
of Cd and Pb in environmental Amount foundin ~ %Recovery Amount foundin ~ %Recovery
water samples after DSPE pg L~/(RSD)? pg LT{(RSD)?
Tap water (A) 0 5.94 (3.79) - 10.1 (4.17) -
10 15.7 (2.13) 97.97 20.2 (1.86) 100.7
20 25.6 (1.47) 98.17 30.1 (1.80) 99.83
Tap water (B) 0 4.50 (3.95) - 8.83 (4.38) -
10 14.6 (2.03) 101.0 18.7 (3.08) 98.33
20 24.3 (3.86) 99.03 28.8 (2.34) 99.66
River water (A) 0 4.07 (1.44) - 4.31 (2.55) -
10 13.9(1.65) 98.21 14.4 (1.49) 100.8
20 23.3 (3.05) 96.18 24.2 (1.09) 99.50
River water (B) 0 5.37 (441) - 7.06 (3.01) -
10 15.4 (3.28) 100.5 17.0 (3.63) 99.29
20 24.7 (3.37) 97.56 27.0(1.82) 99.67
EPW (A) 0 10.7 (4.40) - 23.6 (2.91) -
10 20.3 (4.03) 96.73 33.4(1.83) 97.88
20 30.3 (3.57) 98.09 43.2 (2.75) 98.17
EPW (B) 0 9.27 (3.38) - 22.8 (2.59) -
10 19.3 (2.66) 100.6 32.7(3.27) 99.67
20 29.5 (2.09) 101.4 42.5(1.44) 99.07
IN=3
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both pollutants in the EPW samples was found to decrease
on moving away from the main industrial source. The
municipality tap water showed pollutant content higher
than the river water. However, the river water of Ganga,
Kanpur, showed higher content of both analytes than the
water sample of Ganga, Narora. The least is reported in the
laboratory tap water. This trend concludes that even down
the drain the potential metal ions pollution is present, sorbed
by the ground water, risking the interacting biota and ecosys-
tem. The detected trace concentration of Cd and Pb cannot
be directly determined by FAAS owing to its inherent low
detection limit and matrix effect.

Conclusion

The objective behind the presented state-of-the-art material
MS-CNTs is to develop a DSPE method with improved ana-
lytical figures of merit for both the proactive and retroactive
applications monitoring the level of environmental contami-
nation by highly toxic Cd and Pb. Herein, the pretreatment
followed by oxidation and functionalization of MWCNTs
greatly reduced the large amount of residual metallic impu-
rities from the metal catalysts used in their synthesis which
might have a negative influence on the applications of
MWCNTs. The functionalization by a cheap reagent like
SSA followed up by magnetic decoration resulted in the
usage of merely 50 mg MS-CNTs for sorption along with
the increased regeneration ability of up to 12 cycles. This
delimits the applications of CNTs regarding its compara-
tively higher operational cost and exhibited its advantages
over methods such as membrane filtration, centrifugation
and precipitation by centrifugation. The analytical merits
of the developed DSPE method are highlighted by reliabil-
ity, reproducibility and linearity, evaluated by analysis of
SRM, recovery experiments (recovery >96%), and a good
sequentially determined average day-to-day linear coeffi-
cient of variation (< 5%) for both Cd and Pb. The combined
advantages of functionalization and magnetization are com-
mendable in terms of high sorption capacity (217.39 mg Cd
and 454.54 mg Pb g~! sorbent), low detection limits (0.13
and 1.27 ug L™! for Cd and Pb, respectively), reduced analy-
sis time and environmental innocuousness. Owing to this
high sorption capacity the fabricated material may be further
explored for recovery and removal of toxic analytes. Herein,
potential application was exhibited by the analysis of EPW,
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river and tap waters for their trace Cd and Pb contents. This
sequential determination of Cd and Pb by FAAS in these
environmental samples usually containing many possible
interfering constituents would not have been possible with-
out such DSPE conjunction.
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