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ABSTRACT

The study seeks to determine the most significant factors affecting arsenic and chromium
enrichment using novel P-Zr02Ce02Zn0 nanoparticles/alginate beads in order to minimize
the total number of runs needed to successfully run the experiment. The effects of
interactions between factors were also evaluated so that the optimum conditions which are
not affected by the other factors are chosen for the experiments. The most significant factors
on arsenic and chromium enrichment were screened for by using a half-factorial design,
followed by the optimization of significant factors using the full-factorial design, and the
interaction between factors was determined using ANOVA and interaction plots. The most
significant factors for chromium recovery were sample volume, eluent flow rate, and sorbent
dosage. For both chromium and arsenic recovery, interactions occurred between sample
volume, dosage, and pH. The optimum conditions chosen for the experiment that gave
favourable results for both metal ions were sample volume 5 mL, dosage 40 mg, pH = 7 and
eluent flow rate 1 mL/min. This study showed that a preliminary screening step for the most
significant factors for arsenic and chromium enrichment helps to reduce the number of total
runs, and for the same experiment interactions between factors were present; hence, it is
necessary to take this into account during the experimental design.
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1. Introduction

The heavy metals and metalloids, such as Cd, Cr, Hg, Pb, and
As, pollution of water resources have increased the world
concern on water pollution in the last decade. These metals do
not degrade easily and are highly toxic at low concentrations to
aquatic life [1]. The World Health Organization (WHO) has
listed some of these metals in the top ten chemicals of public
concern [2]. Metalloids such as As have the greatest adverse
effects on human health when consumed by drinking
contaminated water [3]. In water, As exists in two forms namely
As(III) and As(V). As(IlI) exists under anaerobic conditions in
underground water as H3AsO;, H,AsO3 and HAsO3™. As(V)
predominates in surface water as H;AsO,, HAsO3~, and
H,AsO*". Arsenic is used for the production of semiconductors,
glass, transistors, paper, pesticides, insecticides, herbicides, and
pigments [4]. Long-term exposure of As may result in the
development of conjunctivitis, hyperkeratosis, hyperpigmen-
tation, cardiovascular disease, skin cancer, gangrene of limps,

central nervous system disorder, and peripheral vascular
system [5].

Chromium is used in alloying, metal ceramic, manufacture
of synthetic rubies, dye paints, leather tanning, metal electro-
plating, wood preservation, and manufacturing of products for
corrosion protection [6]. Cr exists under several oxidation
states including 1, III, and VI. The divalent Cr species is less
abundant due to its instability. Cr(III) is less toxic and has lower
solubility as well as mobility and it’s an essential micronutrient
for many living organisms since it coordinates several amino
acid ligands, thereby playing an important role in the
metabolism of glucose, lipids and proteins [7]. Cr(VI) is highly
soluble, mobile, and strongly oxidizing, resulting in adverse
effects on liver, lungs, and kidneys. It is also a potential carcino-
genic agent for the respiratory tract [8]. When Cr(VI) is inhaled
in excess, it causes lung cancer [9].

Trace element analysis of heavy metals is important for the
monitoring and identification of health problems. Various
techniques have been applied for the determination of trace
metals, including Flow Injection Analysis Atomic Adsorption
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Spectrometry (FIA-AAS), Electrothermal Atomic Absorption
Spectrometry (ETAAS), Inductively Coupled Plasma Mass
Spectrometry (ICP-MS), Atomic Fluorescence Spectroscopy
(AFS), and Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) [10]. However, the accuracy,
sensitivity, and selectivity of any technique can be improved by
preliminary sample preparation, such as enrichment [11].
Trace metals have been enriched using solid phase extraction
[12], liquid-liquid microextraction [13,14], cloud point
extraction [15], coprecipitation [16], reductive extraction [17],
and electrodeposition techniques [18].

Solid-phase extraction is the most commonly used
technique for routine analysis of samples because of its low
cost, simplicity, rapidity, high preconcentration factors, and low
consumption of organic solvents [11]. The performance of
solid-phase extraction depends on the properties of the sorbent
[19,20]. A wide variety of materials such as activated carbon
[21], fibrous TiO2Z@graphitic carbon nitride nanocomposites
[22], graphene-silica hybrids [23] and ionic imprinted polymers
[24] have been used as sorbents for solid phase extraction.
Nanomaterials have gained popularity as solid phase sorbents
for trace elements due to their large surface area and chemical
stability [25]. The preconcentration of samples is affected by
factors such as sorbent mass, pH, eluent volume, sample
volume, and time. Screening of these factors one at a time is
tedious, expensive and fail to give information on synergism or
antagonism simultaneous contribution on response [26].
Multivariate analysis or chemometrics allows for the
optimization of the procedures through fast economic
pathways and also for more than one variable to be optimized
simultaneously. Multivariate analysis can also provide high
quality predictions when studying linear, quadratic and
interaction effects which influences a system whereas these
interactions are not observed in single factor analysis [27].

In this study, P-ZrO:Ce02Zn0O nanoparticles were immo-
bilized on alginate beads and subsequently used for the
enrichment of As and Cr from water samples prior to ICP-MS
analysis. The experimental variables such as pH, dosage, sample
volume, eluent concentration, eluent flow rate were optimized
using chemometrics followed by determination of the most
significant factors on enrichment and determination of
interactions.

2. Experimental
2.1. Chemicals and materials

The leaves of Flacourtia indica were harvested in Mtoko
district, Zimbabwe (Latitude -17.41, 17° 24’ 34.26” S, Longitude
32.22,32°13” 30.17 E) during the summer of 2021. The leaves
were shade-dried before being ground into a fine powder. The
powder was then extracted twice using hot water.

The P-Zr02Ce02Zn0 nanoparticles were fabricated using
zirconyl chloride octahydrate (99.5%, Riedel-De-Haen Ag,
Germany), zinc nitrate hexahydrate (99.5%, Merck, RSA),
cerium (IV) sulphate hydrate, and phosphoric acid (Merck,
RSA). The beads were fabricated using P-ZrO:Ce02Zn0O
nanoparticles, sodium alginate (Sigma Aldrich, USA) and
calcium chloride (Saarchem, RSA). The As(Ill) stock solution
was prepared using sodium hydroxide (Glassworld, RSA),
arsenic trioxide, and potassium permanganate (Saarchem,
RSA). The effect of organic solvents was studied using phenol
(91%, Riedel-de-Haen. AG, Switzerland), methanol (Avonchem,
UK) and propanol (ACE, RSA). The column was conditioned
using nitric acid (Merck, RSA).

As (III) stock solution was prepared by dissolving 1.320 g
As,03 in 20 mL of 1.0 M NaOH, to this volume, deionized water
was added to increase to 1000 mL. To convert As (I1I) to As (V),
1 mL of0.01 M KMnO, was added to every 2.5 mL of As (III) and
stirred for a minute. The solution was left to stand for 24 h and

filtered before use. 1000 ppm Cr (VI) stock solution was
prepared by taking 0.275 g of potassium dichromate
(Saarchem, RSA) previously dried at 100 °C for one hour and
dissolving it in 100 mL of water.

2.2. Instrumentation and conditions

The solid phase extraction (SPE) procedure was performed
using a peristaltic pump (Eyela, Model: Microtube MP-3, Japan)
attached to a pipette tip loaded with P-Zr0:Ce0:Zn0O nano-
particles/alginate beads. Elemental analysis was performed
using an Agilent ICP-MS 7800 (Agilent Technologies-Australia)
with incident RF power: 1550 W, plasma gas flow rate: 15
L/min, replicate analysis: 3, carrier gas flow rate: 1 L/min, tune
mode: He, plasma mode: low matrix, machine warmup: 1500 s.
The surface properties of the composite were characterized
using a Scanning Electron Microscope (Zeiss, Model: Auriga 60),
size of composite using Transmission Electron Microscope
(Tecnai F20, FEI Company USA), the functional groups of the
composite were characterized using Fourier Transform-
Infrared Spectrometer (Thermo Fisher Scientific Co., Model:
Niolet iS5), surface plasmon resonance using Genesis 10s UV-
Vis spectrometer (Thermo-Fisher Scientific Co.), crystallinity
was characterised using powder X-ray diffraction (Bruker,
Model: D2 Phaser, Germany), Orbital shaker (Griffin, Model:
CTR, German), Magnetic stirrer (Stuart Scientific, Model: SM3),
the acidity of the solutions was monitored using a pH meter
(Adwa, Model: AD1020, Romania), drying oven (Biobase,
Model: BOV-V4SF, China) and muffle furnace (Carbolite,
Model:0AF 10/1, England). The Brunauer-Emmet-Teller (BET)
surface area was also determined by a Tristar Il Plus surface
and porosity analyser from Micrometrics (USA). Nanoparticle
samples were dried at 80 °C for 36 h to remove moisture
content prior to analysis. The actual analysis was carried out
using an analyser bath temperature of -197.4 °C.

2.3. Synthesis of P-Zr0:Ce02Zn0 nanoparticles/alginate
composite (NP-ABs)

P-Zr02Ce02Zn0 nanoparticles were synthesised by heating
0.05 M zirconium oxide chloride 8-hydrate, 0.05 M cerium
sulphate tetra hydrate, 0.05 M zinc nitrate salts and 4 g per 100
mL F. indica leaves extract at pH = 9.0 until there was a
homogenous colour change in the suspension. The synthesised
NPs were recovered from the suspension by centrifugation. The
NPs were dried in an oven at 100 °C and in a muffle furnace at
900 °C to get the solid NPs. The obtained NPs were then
immobilized on alginate by mixing 100 mL of 2 % w/v sodium
alginate with 4 g P-Zr02Ce02Zn0 NPs using a magnetic stirrer
for 4 h at room temperature. 20 mL of 0.1 M calcium chloride
was slowly added and the solution stirred on a magnetic stirrer
for another 4 h. The extrusion process was carried out using
syringes. Curing was done by placing the beads in 2 M calcium
chloride solution for 12 h at room temperature. The wet
microcapsules were dried in an oven at 60 °C for 24 h to induce
shrinking.

2.4. Preparation of the recovery test using water samples

The effluent water and well water used for the recovery
tests were collected in clean 2 L plastic containers flowed by
filtration using a 0.45 pm filter paper and acidified using 1 M
HNO:s followed by storage at 4 °C prior to analysis.

2.5. Solid-phase extraction and recovery procedure
A known amount of NP-ABs was loaded into the pipette tip

on top of a small layer of glass wool and the sorbent bed was
covered by glass wool.
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Table 1. BET surface area analysis of alginate and NP-ABs.

Sample

BET surface area (m2/g) t-Plot micropore area (m2/g) t-Plot external surface area (m2/g) t-Plot micropore volume (cm3/g)

P-Zr0,Ce02Zn0 NPc  0.4593 0.5090
Alginate beads 4.3795 2.1577
1% NP-ABs 7.3302 3.8201
4% NP-ABs 3.3488 4.0670
6% NP-ABs 2.0217 2.2540

0.3438 734
2.2218 875
3.5101 162.1
3.4880 21900
2.0019 10800

50

——Alginate quantity adsorbed
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Figure 1. Surface plots for alginate and 1% NP-ABs.

The sorbent bed was conditioned using 1.0 M nitric acid
followed by deionized water before use in solid phase
experiments at a flow rate of 1 mL/min. A mixture of arsenic
and chromium ions was spiked at a concentration of 5 pg/L
prepared from ultrapure water. In this study, a screening step
was designed using a half-factorial design and Pareto analysis
to indicate the variables that are significant for the removal of
arsenic and chromium. The optimization step was carried out
using an L27 (374) Full factorial design matrix. The pH was
adjusted to the desired level using nitric acid or sodium
hydroxide. An aliquot of the sample was then passed through
the column at a flow rate of 1 mL/min. The retained compounds
were eluted using nitric acid prior to their determination by
ICP-MS. The effect of sample volume was investigated to obtain
the highest enrichment factor. Each column experiment was
repeated three times to obtain reproducible results.

The removal efficiency (RE %) used to determine the effect
of different conditions on adsorption was determined using
Equation (1).

RE % = = x 100 (1)

o
where C, and C, are the initial and residual concentrations of
the two metals in solutions in mg/L.

After desorption, the NP-ABs adsorbent was used again for
a new cycle of extraction. Extraction recovery (ER) was used to
investigate the effect of desorption conditions on the release of
metals from the surface of the beads.

The enrichment factor (EF) was determined by calculating
the ratio of the concentration of As in the final extract to the
initial concentration in the aqueous phase with and without NP-
ABs as shown in Equation (2).

= Cdes
EF == (2
The extraction recovery (ER %) was determined by the
ratio of eluted to initial concentration using Equation (3),

Cdes X Vdes
0/, — —des * Vdes
ER % T 100 3)
where Caes, Co, Vdes, and Vo are the analyte concentration in the
extraction solvent, analyte concentration in the sample,
extraction solvent volume and volume of sample.

3. Results and discussion
3.1. Characterization of the prepared NP-ABs material

The amounts of metals incorporated into the NPs and
nanoparticles encapsulated into NP-ABs alginate beads were
determined by ICP-MS. The amount of zirconia in the NPs was
3458.48 mg/g and the amount incorporated in the 1% NP-ABs
was reduced to 360.74 mg/g. 2957.64 mg/g of cerium was
present in the NPs, while 395.14 mg/g was incorporated into
the 1% NP-ABs. The amount of zinc in the nanoparticles was
6363.2 and 622.73 mg/g was incorporated into the 1% NP-ABs.
The results indicate that the nanoparticles were successfully
incorporated into the NP-ABs.

The FT-IR spectrum of the free 1% NP-ABs shows a C-O
band at 1056 cm! [28], and at 1427 cm1[29], a H-O-H vibration
due to water at 1606 cm and an O-H vibration band at 3332.6
cm?! [30], a Zn-O stretching band at 425 cm! [31], Zr-O band at
494 cm! [32]. After As and Cr uptake, the ZrO and ZnO bands
do not appear; the C-O bands shift upward and the O-H bands
shift downwards, indicating that those bonds participated in
the uptake of the metals.

The analysis of Brunauer-Emmet-Teller (BET) surface area
was carried out using N2 adsorption-desorption isotherms for
both alginate and NP-Abs, and the results are shown in Table 1
and Figure 1. The surface area, micropore area, and volume of
alginate increased when 1% P-Zr02Ce02ZnO nanoparticles
were encapsulated, however, upon further increase to 4 and 6
% they decreased. Hence, in this study, the 1% NP-ABs were
chosen as the material of choice for the enrichment of As and Cr
because of the higher surface area and larger pore volume of the
NP-ABs ensure better uptake and interaction.

Both calcium alginate beads and NP-ABs exhibit type V
physisorption isotherm, which shows weak interactions
between adsorbent and adsorbate and is obtained with certain
porous materials [33].

The morphology of the 1% NP-ABs was determined by
Scanning Electron Microscopy and the images of the NP-ABs are
shown in Figure 2. The images show a microporous structure
with particles embedded within the NP-ABs.
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Figure 2. Scanning Electron Micrograph images of the NP-ABs.
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Figure 4. XRD diffraction pattern of (a) P-Zr02Ce02Zn0 nanoparticles and (b) NP-ABs.

The morphology and particle size distribution of the P-
Zr02Ce02Zn0 nanoparticles that were incorporated into the
NP-ABs were determined by Transmission Electron microscopy
as shown in Figure 3. Figure 3a demonstrates that the size of P-
Zr02Ce02Zn0 nanoparticles ranged from 0.10 to 4.53 nm with
an average size of 0.24 nm and Figure 3b shows that the
nanoparticles were widely dispersed with some clusters in
some instances.

The crystalline properties of the nanoparticles/beads
composite were determined using an X-ray diffractometer and
the results are shown in Figure 4. P-Zr02Ce02Zn0 nanoparticles
(Figure 5a) were crystalline with characteristic diffraction
peaks at 20 = 30.78, 49.47 and 54.64° indexed to the monoclinic
phase of ZrO (Joint Committee on Powder Diffraction Standards

(JCPDS) No: 01-0731523), 33.15 and 58.06° indexed to the face
centred cubic structure of CeO (JCPDS No: 34-0394) and the
peak at 36.29° indexed to the wurtzite structure of ZnO (JCPDS
No: 36-1451). The NP-ABs (Figure 4b) are amorphous in
structure because the XRD pattern does not exhibit Bragg
peaks.

3.2. Optimization of SPE experiments

Screening of the most significant factors in the removal of
As and Cr was carried out using eight experiments according to
the multilevel factorial design [34]. The factors selected were
flow rate, dosage, sample volume, pH, eluent concentration, and
flow rate.
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Table 2. Multiple response prediction parameters.

Response  Goal Lower Target Upper Weight Importance
EFas Maximum  0.69 2.17 100 1 1
EFcr Maximum  6.88 16.27 100 1 1
Metalion  Solution Flow rate Dosage Sample volume pH Eluent concent. Eluent flow rate Enrichment Composite
(mL/min)  (mg) (mL) M) (rpm) factor fit desirability
As 1 1 10 5 9 2.0 3 2.17 1
Cr 1 1 40 100 9 0.1 1 18.12 1
Pareto Chart of the Effects Pareto Chart of the Effects
(response is RESPONSES (ER%)As, a = 0.05) (response is RESPONSE(ER%) Cr, o = 0.05)
Term i1 Tem 1564
‘ Factor  Name : Factor  Name
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Figure 5. Pareto chart for optimization of the significant effect for solid phase extraction of (a) Cr and (b) As.
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Figure 6. Residual plots for enrichment of (a) Cr and (b) As.

The amount of adsorbent (10, 40 mg), sample volume (5,
100 mL), eluent volume (10 mL), sample pH (3 and 9), eluent
flow rate (2 rpm), and eluent concentration 2.0 M were used in
the optimization experiments and recovery studies were used
to assess extraction efficiency.

The independent factors which were evaluated included
sample volume, pH, eluent concentration, eluent flow rate and
sample flow rate. A Pareto chart in Figure 5 was used to select
the significant variables based on their absolute values, and
each value that exceeded the reference determining line was
considered a significant variable at the 95% confidence
interval. The Pareto chart revealed that sample volume, eluent
flow rate, and dosage were the most significant factors for the
removal of Cr. For subsequent experiments, the significant
variables were considered for optimization using the full
factorial design, and the others were fixed [35].

3.3. Optimisation of significant extraction conditions for As
and Cr using full factorial design and response surface
methodology

The optimization of the screened significant variables
(Sample volume, dosage, and eluent flow rate) was carried out
using a full factorial design in 21 runs. The residual plots of the
optimization process are shown in Figure 6 and the points are
scattered around the centre indicating the appropriateness of
the model.

The optimum conditions chosen for the experiment that
gave favourable results for both metal ions were sample volume
5 mL, dosage 40 mg, pH = 7 and eluent flow rate 1 mL/min and
were close to the predicted values in Table 2.

The proposed model to predict the EF of As and Cr is shown
in Equations (4) and (5), respectively. A positive value indicates
enhancement of the relationship among responses, and a
negative value indicates nonenhancement between the
responses among the terms.

EFas=0.1510- 0.000327xS - 0.00457xD + 0.0092xP +
0.000008xSxS + 0.000057xDxD - 0.00092xPxP -
0.000017xSxD - 0.000103xSxP + 0.000469xDxP

(4)
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Figure 7. Interaction plots for the effect of sample volume, dosage, and pH on Cr enrichment factors.
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Figure 8. Interaction plots for the effect of sample volume, dosage, and pH on As enrichment factors.

EFcr=-0.080 + 0.0143xS - 0.0038xD + 0.327xP +
0.000062%xSxS + 0.00011xDxD - 0.0268xPxP -
0.000185xSxD - 0.002907xSxP+ 0.00411xDxP

5)

where S, sample volume; D, dosage; P, pH.

3.4. Interaction between influencing factors and the effects
of dosage, pH, and sample volume on enrichment factor

The interaction between the variables was determined
using interaction plots. Interactions occur when plots cross
each. The interaction plots for Cr are shown in Figure 7.
Interactions between sample volume and dosage were
observed at 50 mL sample volume (Figure 7a), 12-15 mg of
sorbent dosage (Figure 7c). Interaction between sample
volume and pH occurred between 40-60 mL sample volume
(Figure 7b) and at pH 4 and 7 (Figure 7e). Interactions between
dosage and pH were observed at dosage 15 mg and above 35
mg (Figure 7d) as well as at pH 4 and 5 (Figure 7f).

The interactions for As between sorbent dosage and sample
volume were observed at 10, 20 and 40 mg of sorbent dosage
(Figure 8i) and for sample volume between 40 and 50 mL and
above 80 mL (Figure 8iii). Interactions between the sample
volume and pH occurred between 10-40 mL and 100 mL
(Figure 8v) as well as below pH = 4 (Figure 8ii). The same
interactions were observed for As at sorbent dosage 15, 20-30
mg (Figure 8vii) as well as between pH = 4-6 and above pH =8
(Figure 8iv). All regions in which interactions occurred are not

suitable to be used as optimum conditions since the results are
affected by various factors which interact.

3.5. Evaluation of the main effects of factors on recovery

The main effects of sample volume, dosage, and pH on the
enrichment of As and Cr were determined using Minitab and the
results are shown in Figure 9.

The degree of acidity or basicity plays an important role in
the uptake of metal ions. When pH was increased from 3to 9, a
general increase on Enrichment factor was observed for both
As and Cr, however after pH = 7 a general decline was observed
up to pH =9 for Cr and for As the mean response almost levelled
off. Hence, in this study, pH = 7 was selected as the optimum pH
for enrichment. Similar quantitative recoveries for Cr(I1I) were
obtained in a similar pH range of 6-8 using Phallus impudicus
loaded with y-Fe203 [36]. The hydroxyl groups on the sorbent
are mainly responsible for sample uptake. The groups retain
anions under acidic conditions and under basic conditions they
retain cations as shown by a study on speciation of arsenic and
chromium [37].

Increase in sorbent dosage from 10 to 40 mg resulted in a
general increase in the enrichment factor for both As and Cr. Cr
showed a higher response to the increase in dosage than As
because maybe the sorbate preferentially enriched Cr or the
eluent desorbed it preferentially than As. At low sorbent
dosage, a lot of the metal ions remain in the solution because
the enrichment sites become saturated more quickly.
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Figure 10. Effect of (a, b) methanol and (c, d) ethanol on the recovery of As and Cr, respectively.

At higher sorbent dosage, the enrichment factor increases
because more free active sites are available for uptake of the
metal ions. A similar trend was observed for the recovery of Cr
and it was concluded that the development was due to an
increase in surface area and an accessible site for the
adsorption of analytes [38].

The parameter which can influence the extraction efficiency
is the sample volume. Generally, a decrease in the enrichment
factor was observed for an increase in the sample volume from
5 to 100 mL during the experiment. During other studies a
similar trend was noted when they enriched As [39].

3.6. Effect of interference on recovery

Alcohols were evaluated as model organic interferences on
the recovery of trace metals, and the results are shown in Figure
10. The effect of alcohols on the extraction of As and Cr solid
phases was determined by varying the alcohol concentration
from 1, 2, and 10 % ethanol and 1, 5, and 10 % methanol at pH

= 7.0. The dosage of NP-ABs was 20 mg and the concentration
of As and Cr was 10 pg/L, the sample volume and eluent were
10 mL.

An increase in the methanol concentration depressed the
recovery of As and Cr, while an increase in the ethanol
concentration resulted in an increase in the recovery of As;
however, an increase in the ethanol concentration resulted in
an increase in the recovery of Cr up to 5% and then the recovery
was depressed at higher ethanol concentrations in the water
samples.

3.7. Desorption cycles for solid-phase extraction of As and Cr

To assess the possibility of reusability and regeneration of
the adsorbent, the adsorption desorption cycles were carried
out and the results are shown in Figure 11. The recovery of As
was almost constant for the desorption cycles; however, for Cr
recoveries dropped from 102 to 39% during the second cycle
and at the fourth cycle it was at 19%.
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Table 3. Results of the validation data for the analysis.

Parameter Cr As
Range of linearity 0-1000 pg/L 0-1000 pg/L
LOD 8.38x10-5nug/L 4.396x10-4ng/L
LOQ 2.793x10-4pg/L 1.465x103 pg/L
R2 0.9999 1.0000
Precision 4.78 0.18
Recovery (EF), % 46.56-130.65 20.96-82.51
Table 4. Results of the recovery test of well and effluent water samples.
Metal ion Well water Effluent water
Added Found Recovery Preconcentration Added Found Recovery Preconcentration
(ng/L) (ng/L) (%) factor (ng/L) (ng/L) (%) factor
Cr 0.00 0.37+0.14 - - 0.00 1.11+1.63 - -
2.00 1.84+0.07 73.92 1.08 2.00 3.72£0.02 130.65 0.53
5.00 5.58+0.19 104.38 0.89 5.00 4.8£10.10 74.07 1.04
10.00 6.54+0.16 61.76 1.52 10.00 5.77£0.06 46.56 1.73
As 0.00 0.13+0.03 - - 0.00 0.30+0.08 - -
2.00 1.05+0.04 45.94 1.90 2.00 1.95+0.04 82.51 1.02
5.00 2.30£0.07 43.31 2.17 5.00 2.25%0.03 39.04 2.22
10.00 2.93£0.02 27.96 3.41 10.00 2.40£0.03 20.96 4.17
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Figure 11. Adsorption desorption cycles for As and Cr.
i Cs—C
3.8. Analytical performance Recovery % = Ss 9 %100 (6)

Linearity was determined by calibrations over a range of six
standards ranging from 0, 31.25, 62.5, 125, 250, 500, and 1000
ug/L. The calibration points were fitted to linear regression. A
sample spiked with standards was analyzed to confirm that the
selected regression and linearity are appropriate. The precision
of the method (repeatability) was determined by five extrac-
tions of 20 pg/L As and Cr using the P-Zr02€e02Zn0O nano-
particle/alginate beads and calculating the relative standard
deviation. Repeatability was determined by analysing a single
analytical run in a single day, respectively, to determine the
precision as relative standard deviation RSD %. The limit of
detection (LOD) is defined as 3S,/m and the limit of
quantification LOQ defined as 10S,/m, where S,is the standard
deviation of the blank signals and m is the slope of calibration
curve. The results for the validation data for the analysis are
shown in Table 3.

3.9 Application in real samples

Accuracy was determined by carrying out addition
recovery experiments for As and Cr in two by spiking real
samples from effluent water and well water as shown in Table
4. Spiking was done at three different levels, ie 2.0, 5.0, and 10.0
pug/L As (V) and Cr. Recovery was calculated as % of the
difference between the concentration of the analyte of the
spiked sample and the concentration of the analyte in the
unspiked sample divided by the amount of the standard spiked
as shown in Equation (6).

where C;: concentration of analyte in spiked sample, Cj:
concentration of analyte in unspiked sample and s: the amount
of standard spiked.

4. Conclusions

Novel P-Zr02Ce02Zn0 NP-ABs were successfully fabricated
and characterized. The most significant factors were screened
for using a half factorial design and the number of factors was
reduced from five to three, namely sample volume, dosage, and
eluent flow rate. The selected significant factors were then
successfully optimized using a full factorial design and the
favourable conditions were sample volume 5 mL, dosage 40 mg
and eluent flow rate 1 mL/min. Interactions were observed
between sample volume and dosage, sample volume and pH,
dosage and pH. This study showed that a preliminary screening
step for the most significant factors for As and Cr enrichment
helps reduce the number of total runs, and for the same
experiment interactions between factors were present, and
hence it is necessary to take this into account during the
experimental design.
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