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Abstract

A simple, one-pot method was designed for preparing nanocomposite material and its potential applications for water reme-
diation. X-ray diffraction, Fourier Transform infrared, scanning, and transmission electron microscopy, thermogravimetric
analysis and derivative thermogravimetry, and N, adsorption and desorption isotherm techniques were used to examine the
chemical and physical characteristics of the prepared nanomaterials. The developed nano-sized sorbent has a good surface
area of about 106.788 m? g~!. The synthesized nanocomposite was employed as a sorbent to remove several heavy met-
als, such as Cd(II), Cu(Il), Fe(Ill), Pb(II), Mn(II), and Cr(VI), and different pesticides (e.g., Diazinon, Parathion Methy],
Malathion, Parathion ethyl, Epoxide, DDE, Dieldrin, and Aldrin). The removal efficiencies were found to be in the range
of 9.52-94.8%, 23.14-99.40%, and 8.91-85.50% for pesticides, heavy metals, and physical contaminants, respectively. In
addition, the sorption capacities of the different metals ranged from 2.31 to 9.94 mg g~!, and from 2.67 to 28.00 mg g~! for
different pesticides. While it was 31.49-306.63 mg g~' for physical contaminants.

Keywords Prussian blue/silica nanocomposites - Heavy metals - Pesticides - Physical contaminants - Adsorption - UV—vis

spectroscopy - Atomic absorption

Introduction

Water quality is necessary for humankind's continued exist-
ence on the planet. However, the ongoing deterioration of
water quality is due to the introduction of significant vol-
umes of contaminants into water bodies because of fast
industrialization (Shannon et al. 2008; Qu et al. 2013). Also,
the rapid increase in the population, industrialization, and
urbanization results in high pollution levels. Around 80%
of the world's population faces water supply and security
threats. Thus, the development of water remediation meth-
ods has got an increasing concern. Drinking water sources
may contain several organic and inorganic pollutants. The
high levels of these pollutants could cause a high risk of a
range of diseases, including gastrointestinal illness, develop-
mental effects, endocrine disruption, and cancer (Kumar and
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Xagoraraki 2010; Agency 2008; Survey 2010). For instance,
pesticides are examples of organic pollutants, which could
enter the sources of drinking water or groundwater from
agricultural areas or abandoned wells on farms (Agency
2011). Although the human bodies need traces of some
heavy metals such as copper, selenium, and zinc to maintain
the metabolism. However, human exposure to high concen-
trations of heavy metals is a big issue due to their poison-
ing behavior. Heavy metals drinking-water contamination,
emission sources into the air, or the intake into the food
chain (Yousif et al. 2015; Long et al. 2021a). The dangers of
heavy metals are related to their tendency to bioaccumulate
and their difficulty to break down or be excreted outside the
human body. The toxic effects of heavy metals could result
in serious diseases such as reduced growth, organ damage
(liver and kidney), nervous system damage, cancer, and even
death (Liu et al. 2019; Farah et al. 2012a; Miao et al. 2007).
Water contamination is a worldwide problem that needs an
ongoing examination of water quality. Therefore, removing
heavy metals as well as other contaminants of emerging
concerns from water is urgently needed (Lin et al. 2010).
Thus, various techniques have been reported for expel-
ling heavy metals from water, which incorporate substance
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precipitation, coagulation, flocculation, invert osmosis,
adsorption, and filtration. However, these methods have
some disadvantages including higher cost and lower effi-
ciency. The removal of heavy metals based on metal adsorp-
tion by using the mass exchange system is an outstanding
technique (Miao et al. 2007) because of its simplicity and
low-cost advantages (Zhang et al. 2004).

Nanomaterials have been applied in many environmental
applications such as pollutant sensing, catalytic environmen-
tal contaminants treatment, and removal (El-Din et al. 2018;
El-Said et al. 2018; Alsulami et al. 2022). Also, nanomateri-
als were used for pesticide remediation, as chelating agents
for a polymer to enhance the ultrafiltration process and
drinking water purification. A blue dye known as Prussian
blue (PB) is also an artificial peroxidase. Iron (III) chloride
and potassium ferrocyanide interact to form PB, a type of
metal hexacyanoferrate. PB is composed of a potassium fer-
rous ferricyanide hexacyano hexahydrate Fe,III[Fell(CN)¢],
repeating unit and a mixed-valent iron cyanide complex
(Adekunle et al. 2012; Haghighi et al. 2010; Li et al. 2007).
However, PB and its analogs have unique properties such as
electrochromic, electrochemical, photophysical, magnetic,
and properties among others (Farah et al. 2012b; Cui et al.
2012; Zhang et al. 2009). The present work aims to: (1)
synthesize the PB/silica monolith (HOM) at nanoscale size
using a one-pot synthetic method, (2) utilize the PB/silica
HOM nanocomposite as a sorbent to remove various con-
taminants, such as pesticides and heavy metals and (3) to
assess the effectiveness of the synthesized sorbent in remov-
ing various pollutants from aqueous solutions through the
removal efficiency and adsorption capacity parameters.

Materials and methods

Materials

All materials were used as tetraethyl orthosilicic acid
(TEQS, 99.9 percent). Pluronic F-127, aluminum nitrate,

Fig.1 a TEM image of PB/
silica HOM nanocomposites,
and b SEM image of PB/silica
HOM nanocomposites
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lead nitrate, copper nitrate, iron nitrate, manganese nitrate,
cadmium nitrate, calcium nitrate, ethanol, phosphoric acid,
ferric chloride, sodium citrate, potassium ferrocyanide,
organochlorine, and organophosphate pesticides, potas-
sium dichromate, 1,5-diphenylcarbazide indicator, acetone,
phosphoric acid, sodium hydroxide were purchased from
Sigma-Aldrich, Germany, with an essay >99%.

Synthesis of Prussian Blue/silica monolith (HOM)
nanocomposites

The PB/silica HOM nanocomposites sorbent was created
using the conventional solgel method. In summary, 11.07 g
of pluronic F-127 and 16.06 g of TEOS were combined in
a flask. Next, a rotatory evaporator was used to dissolve the
mixture and cod it as a solution (1). Then, 2.5 g of FeCls,
5.28 g of potassium ferrocyanide, and 1.62 g of sodium cit-
rate were dissolved separately in 40 mL of distilled water.
Then, 20 mL of each solution was added to the solution (1).
Leave it in the rotatory evaporator for 15 min. Add to this
mix about 10 ml of H;PO, at pH=1.6 until dissolved and
leave it in the rotatory evaporator for 15 min. Heat at 80 °C
to evaporate the water and ethanol wash using ethanol first
and then distilled water. Finally, dry at 60 °C overnight.

Characterization

The synthetic PB/silica HOM nanocomposites' FTIR spec-
trum was measured in KBr pellets using a Nicolet Spectro-
photometer, model 6700 (USA), in the range 4000—-400 cm”!
with a resolution of 4 cm™! and 16 scans. The surface mor-
phologies were analyzed with scanning electron microscopy
(SEM), which stands for scanning electron microscope
(JEOL JSM-5400 LV, Japan). Using a fine-coat ion sputter-
ing apparatus (JEOL JTC-1100E, Japan), the gold film was
applied to the samples while they were at room tempera-
ture. Moreover, the size of PB/silica HOM nanocomposites
was achieved using a High-resolution transmission electron
microscope (HR-TEM) (FEI™TECNAI G? spirit TWIN,
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Model No. 9432 050 18,111, Czech Republic) conducted
by VELETA Camera at an accelerating voltage of 120 kV.
PB/silica HOM nanocomposites' textural characteristics
were assessed using a BELSORP MIN-II analyzer using
nitrogen adsorption at 77 K. (MicrotracBEL Corp., Osaka,
Japan). The Shimadzu was used to acquire the TGA/DTG

analyses. DTG-60H thermogravimetric, under an N, atmos-
phere (Shimadzu, Kyoto, Japan). Using a Philips PW 1710
X-ray diffractometer with nickel-filtered CuKa radiation
(A=1.54060 A) and running at 40 kV and 40 mA, parti-
cle size in the 4-90° range was examined, and finally, by

Fig.2 N, sorption/desorption
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utilizing a calibration curve to quantify metal ions using
atomic absorption (Contr AA700, Germany).

Adsorption experiments

PB/silica HOM nanocomposites sorbent in each quantity
(1 g L) was mixed with a volume of solution containing
different water contaminants with an initial concentration of
C,. For 24 h, the flask was kept agitated at 25 °C. The sorp-
tion capacity (¢.,, mg(M) g~ (PB/silica HOM nanocom-
posites)) and the removal efficiency (RE%) utilizing Eqgs. (1)
and (2), respectively, were calculated (Long et al. 2021a):

Q = (¢~ C,)Vim (1

RE% = (C; - C,)/Cix 100 Q)

where m represents the mass of the adsorbent in grams
within the reaction mixture, V is the reaction mixture's vol-
ume in liters, C; is the metallic ion's initial concentration (mg
L_'), and C, is the equilibrium concentration (mg L_l) (Liu
et al. 2019; Farah et al. 2012a).

Metal ions sorption and detection
Lead, cadmium, copper, manganese, and iron are among the

heavy metal pollutants being investigated. The sorption test-
ing was conducted in batch mode. Typically, a fixed amount

of sorbent, PB/silica HOM nanocomposites, and 50 mL of
an aqueous solution was combined with 50 mg of an indi-
vidual containing Cd(II), Cu(Il), Fe(IIl), Pb(II), Mn(II) and
Cr(V]) at a concentration of 10 mg L~ ! for C, (sorbent dos-
age, SD: 1 g L™!). Using NH,OH solutions, the solution's
pH was initially adjusted to 7.15. For 24 h, the flask was kept
agitated at 25 °C. Filtration was used to separate the solution
from the sorbent. Atomic absorption was used to determine
the residual metal ion concentration (Ceq, mg L_l), after
which the sorption capacity (¢.,, mg ¢~!) and removal effi-
ciency (RE%) were estimated and UV-vis for determining
the residual metal ion concentration (C,,, mg LY of Cr(VI).
Detection and sorption of pesticides

Pesticide sorption tests were run in batch mode. Typically,
a volume of pesticide combination solution was combined
with a predetermined amount of sorbent PB/silica HOM
nanocomposites, 50 mg (50 mL) containing organochlorine
pesticides (HCB, Lindane, Epoxide, DDE, Dieldrin, and
Aldrin), organophosphorus pesticides (Diazinon, Disulfa-
ton, Parathion Methyl, Malathion, and Parathion Ethyl), and
Trifluraline initially had a pH of 7.15 that was raised using
NH,OH solutions. For 24 h, the flask was kept agitated at
25 °C. Filtration was used to separate the solution from the
sorbent. Then, the residual concentration of pesticides was
determined by extraction of the pesticides in the filtrate with
2 mL of n-Hexane, followed by shaking for 2 min, leaving
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Fig.3 a FT-IR spectrum of silica NPs, b XRD Pattern of silica NPs,
¢ FT-IR spectrum of PB/silica HOM nanocomposites, d UV—-visible
spectrum of PB/silica HOM nanocomposites, e XRD Pattern of PB/
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it for 8 min to separate the two layers, and withdrawing the
organic layer in a glass vial for injection. Gas chromatog-
raphy—mass spectrometry was used to examine the residual
pesticide content (C,y, mg L~!), and the sorption capacity
and removal efficiency (RE%) were calculated.

Physical contaminants removal

The physical pollutants being examined are total solids, total
dissolved solids, total suspended solids, and electrical con-
ductance. Briefly, a fixed amount of sorbent PB/silica HOM
nanocomposites, (50 mg) was combined with a certain vol-
ume of tap water. 50 mL, withdrawn from the drinking water
source of Assiut University, Egypt, at concentration C,: mg
L~! (sorbent dosage, 1 g L™"). The sample of tap water had
a pH of 7.15. The flask was then kept agitated for 24 h at
25 °C. The solution was left for settling, then 25 mL of the
sample was withdrawn to determine the residual concentra-
tion (C,g, mg L), followed by analysis using a conductivity
meter JENWAY, model 4510, Made in EU). The sorption
capacity (geq, mg g~ 1) and removal efficiency (RE%) were
estimated. The Spectro UV-vis Dual-Beam PC Scanning
Spectrophotometer UVD-2950 (Made in the U.S.A).

Results and discussion
Characterization of the synthesized nanomaterials
The physical structure and chemical composition of the PB/

silica HOM nanocomposites was characterized using a vari-
ety of techniques.

Morphology of sorbent—SEM and TEM observations

The surface of nanoporous PB/silica HOM nanocompos-
ites was characterized using HR-TEM and SEM analysis
(Fig. 1a and b). The hollow, spherical, porous structure of
the sorbent is visible in the HR-TEM, which also supports
its presence. Figure 2a shows the TEM image of PB/silica
HOM nanocomposites, which illustratesthe formation of
high-dimensioned aggregates of NPs without a defined
shape (Shannon et al. 2008). The surface morphology of
PB/silica HOM nanocomposites is shown in Fig. 1b using
SEM. The results showed the formation of large particles
(micro size) in addition to the presence of tiny particles
(nano size) on the surface of the large particles.

Textural characteristics of the sorbent — BET analysis

Using the N, adsorption/desorption method, the sorbent,
PB/silica HOM nanocomposites' textural properties were
obtained. The BET-surface area (SA), BJH pore volume
(Vp), and average pore diameter (Dp) were computed, as
illustrated in Fig. 2a. The SA is approximately 167.246
m? g~! when Langmuir is used. While the volume of porous
material is roughly 0.082 cm® g=!. The N, adsorption/
desorption isotherm shows the classic IV type, which has
a protracted hysteresis loop at low P/Po (in the range of
0.20-1.00). This finding indicates the existence of micropo-
res in PB/silica HOM nanocomposites. The primary porous
volume has a uniform pore diameter of 1.54 nm because of
capillary evaporation and the isotherm's steepness; neverthe-
less, inter-sphere holes cause another pore size that is near
24 nm, as observed by the TEM study. According to this
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investigation, interconnected hollow microspheres are what
give the sorbent its high porosity and specific surface area.

Thermogravimetric analysis

The thermogravimetric analysis (TGA) profile of the PB/
silica HOM nanocomposites is presented in Fig. 2b. To
check the developed PB/silica HOM nanocomposite's ther-
mal stability, TGA analysis was used. The most common
method for assessing through TGA of weight loss, nano-
particle presence in nanomaterials is discovered. It is chal-
lenging to interpret these curves because catalyst particles
are present during the weight loss analysis. The stability of
the PB/silica HOM nanocomposites is determined by the
temperature at which they oxidize. The TGA graph depicts

three places where the PB/silica HOM nanocomposites'
weight has decreased. In Fig. 2b(A). The thermogram shows
three identified areas of weight reduction. The elimination of
water molecules that were intrinsically absorbed in the PB/
silica HOM nanocomposites and started at about 30.94 °C
and ended at 173.91 °C may be the primary factor in the
initial weight loss. The presence of soluble and insoluble PB
nanoparticles may have contributed to the second and final
weight losses, which were between 176.84 °C and 371.23 °C
and 374.16 °C and 794.72 °C, respectively (Qu et al. 2013).
Water loss from the PB/silica HOM nanocomposite structure
was attributed to the mass drop (14.272%) in step 1. Accord-
ing to TG, there are four water molecules per PB/silica HOM
nanocomposites molecule. The mass losses found in stages
II (21.111%) and I (3.589%) primarily reflect cyanide

Table 1 Method validation parameters for pesticide determination using GC/MS the synthesized nanocomposite

Analyte Linearity =~ Reportable Accuracy (R, %)  Precision Estimated Detec-  Limit of quanti- Method Detec-
range (ug L") (RSD, %)  tion limit (ug L™")  tation (ug L™')  tion limit (ug
LY
Diazinon 0.9962 0.06-7.68 99.32 477 0.205 0.189 0.059
Aldrin 0.9945 0.06-7.68 82.99 6.89 0.060 0.171 0.054
Dieldrin 0.9941 0.06-7.68 93.86 2.14 0.147 0.171 0.054
DDE 0.9951 0.06-15.36 100.64 0.77 0.070 0.174 0.055
Epoxide 0.9959 0.06-7.68 97.80 0.37 0.108 0.002 0.001
Parathion ethyl 0.9954 0.06-7.68 99.54 25.10 0.320 0.692 0.218
Parathion Methyl ~ 0.9996 0.06-7.68 93.24 1.78 0.204 0.186 0.058
Malathion 0.9986 0.06-7.68 97.39 5.81 0.219 0.178 0.056
Fig.5 Pesticides removal with 30
PB/silica HOM nanocomposites 120 - A
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groups being released from the PB/silica HOM nanocom-
posites structure. In step III, nitrogen is released in addition
to (CN), emissions. (Fig. 2b(B)).

FTIR analysis

Figure 3a shows the Fourier transform infrared (FTIR) spec-
trum of the monolithic silica NPs. The spectrum showed an
absorption band at 344.9 cm™!, which is attributed to the
stretching mode of Si-O-H and H,O (absorbed water mol-
ecules), 1189 cm™ (s, Si~O-Si), and 805 cm™" (m, Si-OH).
Furthermore, the PB/silica HOM nanocomposites' FTIR
spectrum was given (Fig. 3c). The stretching vibration of
the CN group in potassium ferricyanide is responsible for the
prominent peak at 2081.92 cm™! which is the typical absorp-
tion peak of PB/silica HOM nanocomposites. The absorp-
tion bands between 3358.71 and 1606.51 cm™', which are
attributed to the O—H stretching mode and H-O-H bending
mode, respectively, demonstrate the presence of interstitial
forces of attraction in the sample. Because of the structure

of the Fe’*-CN-Fe®* connection in PB/silica HOM nano-
composites, the absorption bands at 606.78 cm™! are caused
by this (Kumar and Xagoraraki 2010; Agency 2008; Survey
2010).

Spectrophotometric analysis

The PB/silica HOM nanocomposites' spectra show a prom-
inent absorption peak at 700 nm, which is related to the
strong charge transfer absorption band brought on by the
Fe?*-CN-Fe** polymeric sequence of PB (Fig. 3d) (Agency
2008, 2011).

X-Ray Diffraction analysis

By using an X-ray diffraction (XRD) approach that relies on
the elastic scattering of X-rays from structures with long-
range order, XRD can determine the geometry or form of
a molecule. The XRD pattern of the silica NPs (Fig. 3b)
showed a broad peak that revealed the amorphous nature of
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0.06 - Equation y=a+ox 0.2- Siope 422924 % 015921
0.04 Intercept 0.0039 * 0.00187 B— 0.99296
Slope 0.03775 + 7.4999E-4 0.0
0.02 4 R-Square (COD) 0.99724
0-00 T T T T T '02 T T T T T T T
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Fig. 6 Calibration curve of lead by a Atomic absorption and b UV—-vis
Table 2 Method validation parameters for heavy metals determination
Analyte Linearity =~ Reportable Accuracy (R, %)  Precision Estimated Detec- Limit of quantita- Method Detec-
range (mg L™1) (RSD, %) tion limit (mg L™")  tion (mg L™}) tion limit (mg
L™
Lead 0.9970 0.000-5.000 86.69 597 0.056 0.309 0.097
Cadmium 0.9960 0.100-1.000 98.95 2.70 0.006 0.076 0.024
Copper 0.9988 0.000-5.000 108.88 1.71 0.018 0.266 0.084
Manganese 0.9950 0.300-3.000 96.77 2.78 0.067 0.103 0.329
Iron 0.9990 0.300-3.000 105.24 4.85 0.100 0.801 0.252
Chromium (VI)  0.9990 0.001-0.500 101.52 2.37 0.001 0.011 0.003
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Fig.7 Metal ions removal using 12
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the fabricated silica NPs. The pattern of the PB/silica nano-
composites showed diffraction peaks at 17.200°, 25.519°,
35.260°, 39.460°, and 53.680°, which can be allocated to the
Prussian blue phase (200, 220, 222, 420, and 442) crystal
planes, respectively, as shown in Fig. 3e. These peaks can be
connected to the face-centered cubic PB with space group
structure Fm3m (Survey 2010).

Energy dispersive X-ray (EDX) analysis of PB/silica HOM
nanocomposites

Finally, the EDX analysis was used to study the chemical
composition of the fabricated PB/silica HOM nanocom-
posites. Figure 3f shows the EDX spectrum of PB/silica
HOM nanocomposites, which confirmed the presence of
the Si, Fe, and Al elements with high concentrations of Si
elements. The results confirmed the fabrication of a highly
pure composite.

Contaminants removal screening
Physical contaminants removal

The sorption capacity (qg.,) and the removal efficiency
(RE%) for physical contaminants such as TS, TDS, TSS,
and EC are illustrated in Fig. 4. It was found that the REs%
are 35.11%, 5.71%, 85.50%, and 8.91%. for TS, TDS, TSS,
and EC, respectively. Also, the values of Q. were found
to be 306.63 mg ¢!, 31.49 mg ¢!, 275.16 mg ¢!, and
84.96 mg g_1 for TS, TDS, TSS, and EC, respectively.

% @ Springer

Heavy metals

Pesticides removal

The contaminated water was separated from the sorbent by
filtration. Then, the residual concentrations in the aqueous
solutions that contain the different pesticides were deter-
mined by GC/MS. Thus, technique validation is carried
out to show that the method is appropriate for the intended
use. All steps in the method validation process: specificity,
accuracy, linearity, precision, range, detection limit, quan-
titation limit, and robustness are validated using reference
materials because the main difficulty in doing so is that only
reference materials with well-characterized properties and
well-documented purities should be used during method
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Fig.8 The effect of adsorbent dose on the removal of 100 mg L~
Pb(II) ions



7623

International Journal of Environmental Science and Technology (2024) 21:7615-7630

(600 'Te 32 n17) 00°F

(uv[01N-yD) UI9[0
-1J) /9)8)308 JSO[N[[3)

(Looz ueq
‘e 39 0r'7) 68000°0 -I0sqe Sneuwnuorg
(9861
ey 98D 4 01 X 0T S[[32 [eLIa)oeyg
saysodwod (1102
[HOM InQ] 00°8C  -oued INOH BOHIS/dd TP, 0l XT Speoq uesouyn
(1202 soysodwoo (600C SoU0)s
Te 12 ySeqqes) 00°0¢ ajeuIS[e-uesoiy) [rom mQJ Ly'gl  -oueu WOH ®oiis/dd ‘e 10 Lmoyeq) $$'61 OAI[O pajean-pIoy
QINyeIa] Ay} UT U
-diospe Aq [eaowax
S JOJ JIOM OU ST
(€10 a101)) “08pa[mouy (800T T8 10
Te 30 peysneN) Sg'l dI-dd anpoy-oQ Ino J0189q oY) O,  [AYd uoIyjeIeq KLsukids) 5000 aiorndoury)
(1002 sopsodwod (1202
erelueA pue [ed) 0L'91 4-VLL [Hom Q] 00°07 -oueu WOH ®oHIS/ad T2 19 S9[es0y) ¥8'¥L (e4-g4Dad-1d)
(1002 (900T 191019 (8102
erefueA pue [ed) /'S Snuojusg pue DPIMeS) £00°0 %¥-SINH-dD ‘e eped) €9°111 S[[oYS Fepl[[ojed  UMPIY
(1002 (900T 191019 o mQ]
erefuep pue [ed) 01 N-dD pue DPIMES) $70°0 %T-SINH-dD ¥6°9C  SdN INOH ®d1is/dd
(1002 (900T 10191 (1z0C B1qQUYy
erefueA pue [ed) 091 W-VLL pue DPIMES) $20°0 BOI[Is SIWH pue UBIpRWYY) ['9LY SI-vds reotayds
(1002 (€20t (1zoz
erefueA pue [ed) 0501 W-VLd ‘[ 32 peues) 90°01 ansodwoo HNA ‘e 12 TueySya() $9°0¢ ootundg
(1002 (100T 1V ‘HSV (L10T T8 10 oqmoueu
ereluep pue [ed) §6'L SNUO[[LIOUNUON pue eidnn) 02000 A4 dSSvOHvE ooe(z0I1]) 98'7CT uoqren/uesoyyy
(1002 (L10T 9501 spdok1o (0z0T Teyoolq [joys
erefueA pue [ed) 68'S J-VLL pue osQ) 16'T¢  (dSVIN-VINIH)A[od HAA TR P wnregeqd) 69°6 INUOJ05 PAJeANdY
(1002 saysoduod (800T T8 10
erefuep pue [ed) 08°C urjoey uolyjerep [Hop Q] Li'8T  -OuBU NOH ®o1Is/dd pIRyoseUnD) ['G[  [0IZ pIrean) POy
saypsoduwoo (0zoT skerd (610T
[trom Q1 96+ -oueu WOH ®oHIs/dd ‘e 19 UOIedH) [#'1L1 SUO[[LIOUNUOIA ‘Te30 pezYIN) LILf  wnS 1enS onouSe
(1z0C (L10T (L10g My
e 39 IP_YS) $'0LE (e)TTT-NOd/VSd ‘e 39 SBALIYS) O'[ SANIN-OD pue ueySewry) 0z QSN oul[[eIs1ooueN
(azzoz T w osormy (ocot (¥10T 'Te 10 19U
RIPRNQY) 9°L01)  -[9D/UBSOIYD ® (9] T8 19 1eysied) 161°0 QNuUOIULq/OLTV -10D-ezpEMQRY) C'6  NUO[[LIOWUOW-BY)
(ezzoT T8 0 NjoaZ (€z0T T8 10
RIPRUNNQY) L'Y61 ULIXOPO[OAD-(  [AYIdIAl uorypeaed (LOOT ‘Te 30 ) 200'0 poppaquuie UIR[OLL, urpplq ‘99vJa1lV) 6€°L8S JOW-US uoulzelq
[eouasayar] (;_3 Jur) [eouasojar] (;_3 Sur) [eouasayai] (,_3 Sur)
Kyroedes vondiospy JU2QIOSPY Afreuy  Ayroeded uondiospy JU2QIOSPY AAreuy  Kroedes vondiospy JU2QIOSPY  A[eUY

QINJBIAI] dY) UI PUNOJ SIUSGIOS JOYIO YIIM SIom Ino jo senroedes uondios sepronsad jo uostredwo)) ¢ ajqel

pringer

As



International Journal of Environmental Science and Technology (2024) 21:7615-7630

7624
23
g s
Q‘G)
S 3
© S
g =
g
a.
5 o0
2 o
<
<E
-
=
L
=
15)
2]
<
<
Q
i)
=N
=
<
S
<
273
g s
QO
S 3
Q &=
= &
£=
a
5 o0
2 o
<
2E
-
=
5]
=
3]
2]
<
<
Q
L
>
=
<
<
<
o | =
*58 <
s 5| @ —
o L =
- wn =
S| 2 S
=21 g =
= -
& = O
S M| T a —
2 en| ©O
FE|ISLTS
El = =N
,
°
=
<
=
@)
= T
<
518 R3]
Q = —
5|3 © =
El13 - &
=
S| < o A
Q
K/
Q
m =1
o =
2| g
= | <

]
* @ Springer

composites

validation activities. The analytical approach showed initial
and extended validation for its ability to provide mean recov-
ery values at each spiking level within the range of 70-120
percent and spiked recovery experiments were carried out.
A minimum of five replicates are carried out to verify the
suggested method's accuracy. Table 1 provides an overview
of the Method Detection Limit (MDL) and Limit of Detec-
tion (LOD) for the lead under examination. To ensure that
the procedure is reliable, data reproducibility is verified
under typical circumstances. So, method validation param-
eters are shown in Table 1. In addition, the sorption capacity
(¢eq) and the removal efficiency (RE %) for Diazinon, Para-
thion Methyl, Malathion, Parathion ethyl, Epoxide, DDE,
Dieldrin, and Aldrin are illustrated in Fig. 5. It was found
that the RE% is 94.80%, 89.14%, 100%, 44.55%, 9.52%,
71.43%, 65.96%, and 35.64, and the Q. was found to be
26.54 mg g7!, 24.96 mg ¢!, 28.00 mg g, 12.47 mg g7},
2.67mg g~!,20.00 mg g7, 18.47 mg g~!, and 9.98 mg g~!
for Diazinon, Parathion Methyl, Malathion, Parathion ethyl,
Epoxide, DDE, Dieldrin, and Aldrin, respectively. The rea-
son for the different removal efficiencies of pesticides from
aqueous solutions could be attributed to the variation of the
hydrophobic and electrostatic interactions between the het-
erocyclic conjunction of the pesticides and the functional
groups.

Heavy metals removal

The determination of heavy metals from the water was eval-
uated and validated using atomic absorption spectroscopy
and UV/Vis spectrophotometric techniques. The correlation
coefficients from linearity studies of Pb(Il) as an example
of heavy metal determination were demonstrated in Fig. 6
using both techniques. Also, the validation parameters for
heavy metal determination are presented in Table 2.

Screening of heavy metals removal The sorption capacity
(¢eq) and the removal efficiency (RE%) for Cd(I), Cu(Il),
Fe(I), Pb(II), and Mn(Il) are illustrated in Fig. 7. It was
found that the RE% are 59.97%, 97.33%, 65.39%, 99.4%,
and 23.14%, and the Q, were found to be 6.00 mg s g'l,
9.73 mgy g !, 6.54 mg s 21,994 mg s g 1231 mg s,
g_1 and 4.95 mg,, g1 for Cd(II), Cu(II), Fe(III), Pb(II),
Mn(II) and Cr(IV) respectively. The variation in the removal
efficiencies of heavy metals could be attributed to the dif-
ferent atomic sizes of the heavy metals as well as the varia-
tions in their affinities of heavy metals toward the adsorbent
nanocomposites. Additionally, the proposed mechanism of
heavy metal removal is ion exchange or complex forma-
tion between the functional groups of the adsorbent and the
metal ions. The variation of the RE% could be related to
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the different factors that affect the removal ability of the PB
adsorbent as follows:

1) The presence of tiny air cavities, which could exhibit a
high adsorption capacity based on flotation properties
(Feng et al. 2016).

2) The presence of the Fe(Il)/Fe(IIl) redox couple could
play a key role in changing the oxidation state of some
cations and the deposit of these cations at the surface of
the adsorbent (Kim et al. 2022).

3) It is reported that PB works as ion-sieves, which could
selectively remove ions based on their ionic radius (Feng
et al. 2016; Melo et al. 1994). This could be the reason
for the highest RE% of PB toward Pb®* which has the
largest ionic radii (Pb®*, 119 pm). While the smallest
ion (Mn?*, 70 pm) showed a lower RE%. Thus, it plays
the main role in the selectivity of the PB absorbent. The
highest removal obtained was found to be 99.4% for
Pb(II) ions from water. Hence, the effect of dosage on
the removal of Pb(II) was selected to be studied in the
next section.

Effect of PB/silica HOM nanocomposites adsorbent dos-
age on Pb(ll) removal Processes for removing Pb(Il) are
contrasted. In general, a larger number of researchers have
investigated a wide range of techniques to remove Pb(II)
ions from industrial effluent. These treatment techniques,
which can be categorized as chemical, physical, and bio-
logical, are frequently used due to their various benefits,
including high selectivity separation, ease of control, and
reduced space requirements. The best way to treat industrial
effluent to remove Pb(II) ions may be through physicochem-
ical processes. Due to the high cost of the chemicals utilized
and significant energy consumption, they continue to have
high running costs. Adsorption is a promising technique for
the simultaneous removal of organic and inorganic contami-
nants since metal-contaminated wastewater may contain a
variety of inorganic and organic substances. Overall, each
treatment method has its advantages and limitations. Ata pH
of 7.15, 20 °C, and an initial concentration of 100 mg L!
of Pb(Il), the experiment was carried out. The weight of the
adsorbent ranged from 0.001 to 0.050 g. The response of the
Pb(II) ion with different PB/silica HOM nanocomposites'
doses is shown in Fig. 8. It can be proven that the removal
efficiency increases with the weight of the adsorbent. This
could be attributed to the increase in adsorption sites on
the adsorbent nanocomposites with increasing the amount
of the adsorbent. For instance, the higher removal efficien-
cies were found to be 10.99%, 80.77%, 93.80%, 99.91%, and
100% for adsorbent amounts of 0.001 g, 0.005 g, 0.010 g,
0.020 g, and 0.050 g, respectively. The removal efficiency
of the PB/silica HOM nanocomposites toward heavy metals
and pesticides in comparison with the previously reported

data are represented in Tables 3 and 4, respectively. The
results indicated that the fabricated PB/silica HOM nano-
composites showed good removal efficiency against several
heavy metals and pesticides. However, more work is needed
to be more efficient.

Conclusion

PB/silica HOM nanocomposites were synthesized based on
a simple one-pot method. The PB/silica HOM nanocom-
posites had high efficiency in the removal of inorganic and
organic pollutants from aqueous solutions. Remarkably, it
was found that the RE % were 59.97%, 97.33%, 65.39%,
99.4%, 23.14%, 39.60%for Cd(1I), Cu(ll), Fe(II), Pb(Il),
Mn(1II), and Cr(IV), respectively. Also, the developed nano-
composite showed RE% toward several pesticides to be
94.80%, 89.14%, 100%, 44.55%, 9.52%, 71.43%, 65.96%,
35.64, 35.11% for diazinon, parathion methyl, malathion,
parathion ethyl, epoxide, DDE, dieldrin and aldrin, respec-
tively. In addition, 5.71%, 85.50%, and 8.91% removal effi-
ciencies were demonstrated for TS, TDS, TSS, and EC,
respectively. Future studies will be conducted to optimize
the adsorption process for each contaminant from aqueous
solutions and water matrices as well as to prove the adsorp-
tion mechanism of contaminants removal from water using
different techniques such as FTIR and electron microscopy.
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