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ABSTRACT

The research aimed to measure the trends of agricultural extension workers towards the application of A
batch biosorption experiments were conducted to investigate and characterize some chemical properties of
sawdust nanoparticles (nSD) that produced from mechanically milling and the bulk sawdust collected; to
evaluate the potential of different woody sawdust nanoparticles for phosphate biosorption capacity; study the
operating parameters including contact time, initial concentration, pH, temperature, dosage, size, competing
ion, and the possible mechanisms responsible for phosphate removal from water by the high-sorptive
biosorbent; to test the stability, regeneration and reusability of phosphate-loaded biosorbent; and to test the
phosphate removal efficiency of the high-sorptive biosorbent on real agricultural wastewater. To achieve these
objectives, series of experiments were conducted. Bougainvillea spectabilis (stem wood), Eucalyptus
camaldulensis L. (wood-branch), and Psidium guaja L. (wood-branch) were collected from Alexandria, Egypt
during pruning processes. Bark of the woody species was removed, and the wood was transferred to flakes or
sawdust in a sawmill in Alexandria .Stock solution of 1000 mg/L PO42 or NHs*was prepared using KH2PO4
and NH.CI salts. Different concentrations of phosphate/ammonium solutions were prepared freshly prior to its
use. The woody-sawdust was oven-dried at approximately 50-60 °C, and then mechanically ground by a
RETSCH RMIOO0 electrical mortar grinder (Ball mill) to produce nanoscale sawdust particles (diminish the
particle size to <100 nm). The characteristics and element contents of all sawdust nanoparticles were
investigated using scanning electron microscopy (SEM), and quipped with energy-dispersive X-ray
spectroscopy (EDX). The surface structure of sawdust nanoparticles (nSD) was explored with Fourier
transform infrared spectroscopy (FTIR) to illustrate the functional groups of the nanoparticle surfaces. The
specific surface area of nanoparticles was determined using the method of Brunauer et al., (1938). All these
measurements were carried out by standardized methods that have been routinely used for nanomaterial
studies. Conducting biosorption experiments was performed by shaking 0.1 g of nSD with 10 mL (1:100 ratio)
of phosphate/ammonium solutions with various concentrations (5, 10, 20, 40, 80, 160 and 320 mg/L) . The
agitation was conducted at 400 rpm for 2 hours to reach sorbate-sorbent equilibrium. At 0.5, 1, 2, 5, 10, 15, 20,
30, 40, 60, 90 and 120 minutes, aliquot was taken for phosphate/ammonium kinetics determination. Then,
centrifugation and filtration of supernatant were done. To assess quantitatively and qualitatively the adsorption
efficiency of the sawdust nanoparticles, the most famous isotherm models (Langmuir, Freundlich, Temkin,
Elovich, Fowler-Guggenheim, Kiselev, and Hill-de Boer) were investigated. Moreover, the most well-known
kinetic models (power function, parabolic diffusion, first order, and Elovich) were used to test the fitness of
experimental data. Both determination coefficient (R2) and standard error of estimate (SE) were the basis to
select the best-fit model .

The effect of hot water extraction method and solution pH on phosphate biosorption by nSD was studied
at various pH values ranged from 7 to 11. The desired solution pH was adjusted by diluted concentrations of
hydrochloric acid and sodium hydroxide solutions .

FTIR analysis was used before and after hot water extraction of un-saturated and phosphate/ammonium-
saturated nSD to identify the possible active sites modifications occurred in nSD after biosorption. To study
the impact of nSD dosage on phosphate/ammonium biosorption, various biosorbent doses from 0.5 to 2 g were
tested for 40 mg/L phosphate/ammonium concentration at normal pH . The effect of the particle size on
phosphate/ammonium biosorption was examined by conducting trials on different sawdust particle sizes of 2
mm, < 21 pm, and < 100 nm. The used phosphate/ammonium concentration was 40 mg/L and the nSD dose
was 0.5 g during the trials. To study the effect of ammonium/phosphate ions on phosphate/ammonium
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biosorption, single and multi-systems were prepared and examined. To conduct this assay, the initial

ammonium or phosphate concentrations was 160 mg/L and nSD dose was 0.5 g at normal pH solution. To 0.50

g of the nSD at natural pH, suitable amounts (10 ml) of a 160 mg/L NH4* or PO4® ions was added.

To provide information about the effect of temperature on spontaneity of the sorption process, the
standard Gibbs free energy (DGO, J/mol), standard enthalpy (DHO, J/mol) and standard entropy (DSO, J/(mol
K)) parameters were calculated. To study the removal of phosphate/ammonium from wastewater effluents
using nSD, agricultural wastewater samples (3) were collected from drains around agricultural fields at Abees
area in one-liter pre-cleaned Teflon bottles washed with acid and deionized (DI) water. To prevent bacterial
growth, ice-packed containers were used for storing the samples after collection during transit to the
laboratory. All samples were filtered through 0.45u membrane filters (cellulose acetate) and sulfuric acid (2N)
was added to adjust the pH to 4 and then stored at 4°C for further analysis. Efficiency of nSD for
phosphate/ammonium removal from typical agricultural wastewater samples was examined by conducting
batch technique at laboratory temperature. Known weight of dried nSD was added to 40 ml of agricultural
wastewater solution of known concentration and pH. The optimized conditions obtained from pure system
batch sorption were used and the mixtures were vigorously stirred using a magnetic stirrer at a constant
temperature for two-hour time to ensure equilibrium. At different contact times, the mixtures were centrifuged
and filtered. The phosphate/ammonium concentration in the filtrates was determined using the appropriate
methods for phosphate/ammonium .Column experiment was carried out to investigate the phosphate removal
efficiency of nSD. A glass column (& 2 cm, 30 cm) filled with 5 g fine sand, 2 g coarse sand and 1 g of nSD
was fed with 50 mL of 164-166 mg/L phosphate/ammonium concentration. The flow rate was controlled at
about 5 ml/min .

To test the stability of phosphate/ammonium-loaded nSD, a desorption behavior of
phosphate/ammonium-loaded nSD was studied. A 10.0 mL of DW was added to 1.0 g phosphate/ammonium-
loaded nSD and shaken for two hrs, then filtered and analyzed for phosphate/ammonium . Regeneration of the
nSD spent was performed by shaking phosphate/ammonium-loaded nSD in a specific volume (50 ml) of
hydrochloric acid (0.1 mol/L) for 2 hrs. The sorbent was filtered and washed with DW after full desorption of
the phosphate/ammonium. In the subsequent trials, the regenerated nSD spent was reused. Four cycles of
sorption and regeneration were repeated. The percentage of recovery was calculated from initial sorbed
amount and desorbed amount of phosphate/ammonium. Moreover, reusability of nSD was conducted by
adding 1.0 g doses into 10.0 mL aliquots of 10.0 mg/L or 100.0 mg/L phosphate/ammonium solutions. After
shaking the suspension for 30 min, centrifugation and filtration were done. Another 10.0 mL portion of
phosphate/ammonium solution was agitated with the spent of nSD. After shaking time 30 minutes, the liquid
phase was separated again. These trails were repeated five times for each phosphate/ammonium solution. All
data were statistically analyzed using the Statistical Analysis System. The results revealed that:

For ammonium biosorption,

e The NH4* sorption capacity of nSD-GU was much higher than that of nSD-KF and nSD-GH (nSD-GU>
nSD-KF> nSD-GH).

e The Langmuir model was the best fit to the experimental sorption data suggesting that the NH4* removal
from the surface of nSD-GU, nSD-KF, and nSD-GH sorbents was monolayer mode of adsorption.

e The maximum adsorption capacity (gmax) value of nSD-GU was 3 and 4 times higher than those of nSD-KF
and nSD-GH sorbents, respectively.

e The maximum NHs* removed by nSD-GU, nSD-KF, and nSD-GH were 94-96, 82-90 and 75-79%,
respectively as the equilibrium reached after 2 h.

e The first-order equation has been proved to be one of the best studied kinetic equations that capable of
describing the sorption kinetics and sorption rate of NH4" onto the nSD-GU, nSD-KF, and nSD-GH
biosorbents as affected by initial NH4* concentrations and this was confirmed by relatively high R?and low
SE values.

e The XRD patterns of hot water extracted and not-extracted nSD-GU indicating that nSD-GU sample is
mainly containing high percentage of nitrogen and phosphorus. Moreover, presence of amorphous
materials was observed.

e The SEM images of nSD-GU samples clearly showed that the representative single particle size dimension
lies in the range 1-100 nm (nanostructure).After saturation with NH.*, a layer of sorbed NH4*on the nSD-
GU surface was observed which ascertained adsorption of NH4* by nSD-GU.

e The SSA of nSD-GU was much higher than that of the bulk bSD-GU sample. Indeed, the high SSA could
supply nSD-GU with highly reactive sites for NH4* sorption.

e The solution pH played a crucial rule in the adsorption process, since it greatly affects the charges of the
active sites of nSD-GU and influence the ammonium behavior in the solution.

e The NH4* sorption increased on the studied biosorbent with the increase of reaction temperature from 298
to 318 K, with constant of all other reaction conditions.

37



Vol. 68, No. 1, pp. 36-42, 2023 Alex. J. Agric. Sci.

The highest efficiency of NH4* removal by nSD-GU was at temperature of 318K at pH 11.

The results of this study revealed that the ion exchange process, high specific surface area of nSD-GU, and
ion complexation between ammonium and sawdust nanoparticles may be occurred in ammonium
biosorption.

The FTIR analysis confirmed this issue depending on that the chemical constituents of any plant contain
many functional groups such as carboxylic, phenolic, hydroxyl and carbonyl groups.

In conclusion, woody sawdust is a promising ligno-cellulosic biomaterial used for the removal of different
contaminants from waters as biosorption process. Because of the large reactive surface area of
nanoparticles, the application of nanoscale sawdust particles in wastewater or wastewater-irrigated soils
would substantially increase ammonical nitrogen sorption on amorphous nanoparticles and further decrease
N runoff and eutrophication.

The removal efficiency of nSD-GU significantly increased with the increase of initial ammonium
concentration, pH, temperature, and dosage. However, it decreased in double-system solution in presence
of phosphate ions.

At application study, the nSD-GU successfully removed 98.65% NH4* from real agricultural wastewater in
a batch experiment and 95.21% in a column experiment.

Adsorption efficiency of nSD-GU for NH4* increased after first and second regeneration cycles, but
decreased after 39, and 4™ cycles.

The poor to moderate NH4* desorption from nSD-GU sorbent indicates the stability of NH4* bound to nSD-
GU materials. Eventhough, biodegradability of nSD-GU-loaded ammonium is possible and it will be a
good source of ammonium to plant when added to agricultural soil as a supplement fertilizer.

In conclusion, the ion exchange process, high specific surface area of nSD-GU, and ion complexation
between ammonium and sawdust nanoparticles may be occurred in ammonium biosorption.

The FTIR analysis confirmed the issue depending on that the chemical constituents of any plant contain
many functional groups such as carboxylic, phenolic, hydroxyl and carbonyl groups can be involved in the
reactions.

The removal efficiency of woody sawdust nanoparticles used in this study is very high and it is considered
as a promising lingo-cellulosic biomaterial used for the removal of ammonium from waters as biosorption
process. Because of the large reactive surface area of nanoparticles, the application of nanoscale sawdust
particles in wastewater or wastewater-irrigated soils would substantially increase ammonical nitrogen
sorption on amorphous nanoparticles and further decrease N runoff and eutrophication.

For phosphate biosorption,
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The maximum adsorption capacity (gmax) value of nSD-KF for phosphate was higher than other sorbents.
Consequently, the maximum removal efficiency of PO, by nSD-KF was higher .

the removal efficiency of woody sawdust nanoparticles is very high and successfully removed 87.82% and
92.09% PO, from real agricultural wastewater in the batch and column experiments and it is considered a
promising lingo-cellulosic biomaterial used for the removal of phosphate from agricultural wastewaters via
bio-sorption process.

The removal efficiency of nSD-KF significantly increased with the increase of initial phosphate
concentration, temperature, and dosage. However, it decreased with the increase of pH and in a double-
system solution in the presence of ammonium ions.

The solution pH and temperature played a crucial rule in the adsorption process, since they greatly affect
the charges of the active sites of nSD-KF and influence the phosphate behavior in the solution.

Adsorption efficiency of nSD-KF for phosphate increased from 7978 to 8834 and 9448 mg/kg after the first
and second regeneration cycles but decreased after the third and fourth cycles.

Biodegradability of nSD-KF-loaded phosphate is possible, and it will be a good source of phosphate to
plant when added to agricultural soil as a supplemental P-fertilizer.

According to FTIR and other analyses, the ion exchange process, high specific surface area of nSD-KF,
and ion complexation between phosphate and sawdust nanoparticles may be occurred in phosphate
biosorption.

In conclusion, woody sawdust is a promising ligno-cellulosic biomaterial used for the removal of
phosphate from water as biosorption process. So, the application of nanoscale sawdust particles in
wastewater or wastewater-irrigated soils would substantially decrease P runoff and eutrophication.
Moreover, the P-enriched nSD-KF can be used as a supplemental P-fertilizer required for plant growth to
overcome high cost of mineral fertilizers applied to the agricultural soils.
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