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Abstract

Rice is one of the most widely cultivated grain produced with higher percentage increase annually,
where the twenty percent of the rice, is rice husk which is mostly regarded as waste despite its wide
industrial applications. Rice husks are used in different industrial applications in synthesizing and
manufacturing of new materials in a unique way with added value features. In this study, the elemental
compositions of rice husk were analyzed using the Energy Dispersive X-Ray Fluorescence (EDXRF)
Technique. The samples analyzed were obtained from four different locations namely; Akko, Billiri,
Gombe and Yamaltu Deba of Gombe State, Nigeria. The results of the analyses in the four locations
revealed the level of concentration of ten elements with the mean mass percentage concentration as
follows; Fe (2.98), S (3.40), P (17.45), Ca (4.26), K (14.8), Bi (2.90), Ba (6.81), Pb (3.40), Sn (2.55), Si
(44.26). The results in percentage concentration mass show Si > P > K> Ba > Ca > Pb, S > Fe > Bi
and Sn. The three major compositions Si, P and K are useful in industrial applications.
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INTRODUCTION

The need for managing waste to achieve zero waste is now urgent than never before. The idea
of zero waste has been initiated with the view to addressing the depletion of finite global
resources. The “zero waste” was first introduced in 1973 with the intention of recovering
resources from chemical (Ke et al., 2022). This concept focus on lifecycle trends, from the
production and design of products to the extraction of valuable raw materials, to the sale, use
and methods of disposal (Lakhouit, 2024). This concept will play vital role in addressing the
waste generation increase due to global economy growth, population and urbanization (Zhao
et al., 2025). Therefore, this study will focus on specifically rice husk which is the byproduct
of rice (Singh et al., 2025). The rice husk is made up of hard material as opline silica and lignin,
the husk that is obtain from rice paddy are separated from the grains during milling process.
The rice husk is among the available waste material that is abundantly found in milling site.
The rice husk that is regarded as waste constitute about 30% to 50% of organic carbon (David
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et al., 2021). With a view to managing waste there is need to take into consideration of yearly
increase of rice husk accumulation.

The cultivation of rice globally remains the most staple food security especially in India, China
and other part of the world. According to statistics by Food and Agricultural Organization,
global rice production increases to 756.74 million tonnes, generating approximately 700
million tonnes of rice husks and rice straws (Vitali et al., 2024)(Kamboj et al., 2024).
Unfortunately, only less than 20% of the husks and straws were used with over millions of
tonnes usually burn in an open air (Hong et al., 2024). India as one of the world largest rice
producers experience serious challenges in managing the waste generating yearly from rice
production. Apart from India, rice producing countries worldwide experience similar
problems collectively resulting to global environmental concern (Singh et al., 2025). The
burning of rice husks openly results in exposure of huge amount of pollutants, such as
greenhouse gases, particulate matter and harmful chemical to the atmosphere. This process
contributes to climate change and air quality degradation (Ouyang et al., 2025). Furthermore,
the improper disposal of rice husk to oceans and rivers leads to water pollutions thereby
affecting the availability of clean water and introducing negative impact to aquatic ecosystem
(Zhang et al., 2024). The release of such pollutants can pose some health challenges like
cardiovascular diseases, respiratory issues and so on (Pereira et al., 2023).

Herein, the determination of chemical constituent of rice husks using Energy Dispersive X-
ray Fluorescence of Gombe State, Nigeria were carried out. The data computation was carried
out with standard method which is 80% correct as compared with the standard procedure of
50% accuracy the main procedure is completely depend on calibration curve of each element.
The standard method were form by standard reference material drafted by International
Atomic Energy (IAE) (Weinberger et al., 2024). The analytical abnormally in a quantitative
evaluation of low atomic number elements originated from the pristine performance as a
result of low excitation efficiency of soft X-rays and low reflectivity of spectroscopic device.
This analysis helps to determine the rice husks elemental composition of each sample which
is vital for proper utilization rather than regarding it as waste (N. Kim et al., 2022). Research
have shown that the rice husk can be used in various ways. Apart from its normal application
as concrete in building (Alharthai ef al., 2025), in fertilizer (Oladele et al., 2019), in silica
extraction from rice husk (Nzereogu et al., 2023), it can also be utilize in fabrication of
asymmetric super capacitors by laser processing of activated carbon-based electrodes
produced from rice husk waste (Nwanya & Musheghyan-avetisyan, 2024). The potentiality of
rice husk and its suitability for different application rely on its elemental compositions which
makes this finding of great important to properly utilize the rice husk and reduce the increase
in waste accumulation. Therefore, the three major compositions Si, P and K are useful in
various industrial application which makes the rice husk a valuable substance rather than a
waste.

MATERIALS AND METHOD

Experimental location

The geographical location of where sample were collected is Northern Nigeria, Gombe State
within the trophical West Sudanian Savanna ecoregion. The State is bordered to the north,
Borno State with 93 Km and Yobe with 140 Km in the vicinity of Gongola River. Also, to the
south by Taraba State for 53 Km, to the southeast by Adamawa State for 95 Km, and to the
west by Bauchi State for 277 Km. The sample were selected within State region which include;
Akko, Billiri, Gombe and Yamaltu Deba Local Government with their estimated area of 2627
Km?, 737 Km?, 52 Km?, 2181 Km? respectively. The dry season in the State is partly cloudy,
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and has year-round high temperatures. The wet season is unpleasant and overcast with yearly
temperature ranging from 14 °C to 41 0C.

Table 1 shows the code of each sample represented with alphanumeric which comprises of
letter G with the addition of two letters AD and serial number from one to four.
Table 1. Sampling Points.

S/N Location Code Longitude Latitude

1 Akko GAD 01 10° 02" 457 11°12' 11"
2 Billiri GAD 02 09° 53" 30” 11°13" 44”
3 Gombe GAD 03 10° 16" 37” 11°16’ 35”
4 Yamaltu/Deba GAD 04 10° 17" 29”7 11° 30" 20”

Sample collection

The samples were all collected in the farm area where the rice is cultivated. The rice was taking
to milling site where the rice husk was obtained from the rice paddy and it was processed
separately. Global Positioning System was used in taking the sampling points. The collection
was carefully done to prevent contamination of the natural concentrations of the compounds
in the material by using robber container.

Sample preparation

The rice husk samples were grounded to powdered using mortar and pestle, with the
help of spatula 2 g of each sample were measured to sample holder and covered with
cotton wool to prevent it from blowing off. The bottom of the sample’s holder is made
of special material known as polypropylene which is a thermoplastic. The sample
holder containing the sample which were run in a vacuum for ten minutes and were
inserted into X-Ray Fluorescence (XRF) machine for the analysis proper.

Data Analysis

This involve the computation of result obtained which is more of conversion and
calculation of percentage elements in a sample. The XRF concentration values of the
elements generated in parts per million (ppm) were converted to percentage (%)
concentration. Also, all the heavy metal that are toxic such as Zinc, Arsenic, Cadmium,
Chromium and Lead are absent in all the samples indicating heavy metal pollution
index is low.

RESULTS
Table 2. Shows the percentage elements (in % Conc.) that are present in the four
samples.
Elements GAD 01 GAD 02 GAD 03 GAD 04

Mean
Fe 0.08 0.07 0.07 0.05 0.07
S 0.08 0.07 0.07 0.08 0.08
P 0.06 0.54 0.54 0.5 0.41
Ca 0.01 0.13 0.12 0.13 0.10
K 0.36 0.35 0.35 0.35 0.35
Bi 0.03 0.02 0.02 0 0.02
Ba 0.15 0.17 0.15 0.16 0.16
Pb 0.06 0.1 0.14 0.02 0.08
Sn 0.09 0 0 0.15 0.06
Si 1.08 0.89 0.97 1.2 1.04
Solution 1.99 2.34 2.43 2.63 2.35

From the report of the committee on substances as shown in Table 3, (Federal Environmental
Protection Agency), it was observed that the elements classified as toxic element As, Cr, Pb
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and Se while Cd classified as hazardous were below detection in the entire samples of rice
husk analyzed.

Table 3. Permissible criteria of substances to human health.

S/N Substance Substance Permissible criteria (ppm) Desirable criteria
(ppm)

1 Calcium (Ca) 20 0.1

2 Copper (Cu) 1.5 Virtually absent

3 Iron (Fe) Less than 0.3 0.07

4 Lead (Pb) Less than 0.5 0.08

5 Manganese (Mn) Less than 0.5 Absent

6 Zinc (Zn) 15 Absent

7 Arsenic (As) 0.05 Absent

8 Cadmium (Cd) 0.01 Absent

9 Chromium (Cr) (hexavalent) 0.05 Absent

Source: Report of the committee on substances, Federal Environmental Protection Agency) (Agency et al., 2024).

The spectral Figures from Figure 1(a-d) show the Energy Dispersive X-Ray Fluorescence of
rice husk samples with x-ray energy (eV) at x-axis and number (Counts] of x-rays observed at
each energy level)

EDXRF Analyzer UMYU Katsioa GAD 02

EDXRF Analyzer UMYU Katsina-GAD 01

EDXRF Anshyzer UMYU Kalsins-GAD 04

Figure 1 Spectral of samples analyzed using EDXRF
The illustration of elemental composition of the all the rice husk samples that was found are shown in Figure 2.
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Figure 2 Percentage concentration of rice husk samples

Clearly, there are ten elements discovered in all the four samples which are as follows; Fe, S,
P, Ca, K, Bi, Ba, Pb, Sn and Si. Also, there is distinction in their percentage concentration level
of each samples which is signified by four colors red, blue, green and purple representing
GAD 01, GAD 02, GAD 03 and GAD 04 respectively as shown in Figure 2. For further details

explanation and clarity each sample is separately plotted.
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Figure 3 Elemental compositions of rice husk samples
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DISCUSSIONS

The elemental analysis was conducted using the Energy Dispersive X-Ray Fluorescence
technique the spectral of each sample is shown in Figure 1(a-d). The outcome of the finding
revealed the presence of ten (10) elements in all the four rice husk samples as shown in Figure
3. In analyzing the rice husk, due to the high sensitivity of the EDXRF the concentration results
are in parts per million, but were converted to percentage concentration as displayed in Table
2. The element with high concentration in the whole samples was found to be Si with
percentage concentration in GAD 01 sample of 1.08 solute of 1.99 solution that amount to the
54%. Also, the predominant element in second sample GAD 02 was found to be Si with
percentage concentration of 38%. Likewise, the third sample GAD 03 the Si percentage
concentration was found to be 40% and that of GAD 04 Si percentage concentration was found
to be was 46%. In all the cases, the element with high concentration in all the rice husk samples
is Si which makes it a resourceful material due it industrial applications. The next element
with high percentage concentration is P with all samples above 20% concentration except in
the first sample GAD 01. The third predominant element in the samples is K with above 13%
concentration in all the four samples. The fourth predominant element in the rice husk
samples is Ba with other elements Ca, Pb, Fe, S, Sn and Bi in minute percentage concentration.
In all the samples Si is the predominant element which is in line with many findings using the
same techniques.

The elements detected by the Energy Dispersive X-Ray Fluorescence technique in the rice
husk samples have been reported by many scholars using X-Ray Fluorescence technique. For
instance, C.M. Liew et al. conducted a study on rice husk-derived photothermal materials for
membrane distillation and eleven elements in oxide form were revealed, with their respective
percentage concentration SiO2: 84.79, K>O: 4.92, P>0Os: 3.04, ALO;:2.33, MgO»: 2.08, CaO: 1.15,
TiO2: 0.02, Mn: O 0.14, Fe;Os: 0.23, ZnO: 0.03 and SO5:1.02 (Ming et al., 2024). In a similar
development, N. Copoglu et al. found nine elements SiO»: 93.07, K>O: 4.055, P>Os5: 0.989, MgOx:
0.627, CaO: 0.7296, MnO: 0.2471, the remaining three Al,Os, Fe;Os, and Na,O are less than 0.1
%. in search of application of rice husk as barium borosilicate glass coatings (Cengiz, 2022).
Likewise, A.S. Aliyu et al. for the first time, he used X-ray shielding glass (XSG) in fabricating
rice husk sample and eight elements SiO.. 97.25, K-O, SOs. 0.15, A1LOs. 1.80, MgO»: 0.54, CaO:
0.11, MnO: 0.01 and Fe;Os. 0.07 were found (Aliyu et al.,, 2024). Also, S.A. Umar et al.
discovered seven elements in oxide form which are SiO;: 98.548, SOs: 0.793, K,0O: 0.079, ZnO:
0.009, CaO: 0.407, MnO: 0.035 and Fe>Os: 0.129 as elemental compositions of rice husk used in
glass production (Umar et al., 2017). Additionally, M.K. Halimah et al. investigated the
Influence of erbium oxide on structural, physical, elastic and luminescence properties of rice
husk biosilicate zinc borotellurite glasses for laser application and eight elements revealed in
the rice husk sample which are; SiO2: 98.631, SOs: 0.658, K,O 0.098, CaO: 0.415, MnO: 0.042,
CuO: 0.024 and Fe;Os: 0.085. The silica composition obtained in the existing findings exit the
one obtained in this study because the different rice husk is found to be varying due variation
in climate condition and other factors (Liberalesso et al., 2021; Shrestha et al., 2012).

Additionally, according to Adamu et al. (David et al., 2021) discovered eleven elements with
some common element such as Si, Ca and K which is in line with the current findings.

Likewise, using different technique Clementina D. Igwebike-Ossi analyzed rice husk using
Particle Induced X-Ray Emission technique and thirteen elements was found (Igwebike-ossi
& Igwebike-ossi, 2017). The samples were obtained from a rice mill in Abakaliki, Nigeria with
higher percentage concentrations in Si, P, S and Mg. This also confirm the predominant
element in all the element detected to be Si.
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In another development, nine element was discovered in the sample of rice husk using X-Ray
Fluorescence technique in Bauchi State, Nigeria (David et al., 2023). Four samples were
analyzed also with high percentage of Si in oxide form. The predominant compounds in the
rice husk analyzed are in order SiO > K;O > CaO > FexO; > MnO still confirming higher
percentage of Si in oxide form despite the fluctuations in other elements.

Furthermore, in some relevant finding assessment of chemical composition of rice husk using
Energy Dispersive X-Ray Fluorescence Technique from Kano State, North Western Nigeria
(David et al., 2022). Fourteen elements are revealed in the samples of the rice husk with
significance differences compare to the current finding but revealed higher percentage
concentration in Si.

The discrepancy in elemental or chemical compositions is the same with that of rice which
depends on the following factors; soil chemistry, climate conditions, paddy variety and
climate change (Komatsu ef al., 2022; Liu et al., 2024). Moreover, each rice husk is unique
because, the suitability of rice husk to be used for various application depend on the elements
present in it. Herein, the Si content is high in all the articles discussed. However, despite its
slight variation in some element concentration, rice husk has vast application both in local
utilization and industrial production which makes it to be of higher potential compare to other
waste. In other to validate the facts established with respect to rice husk applications few out
many uses are as follows; applications for highly adsorptive removal azo dye in water (T. Kim
et al., 2025), as adsorbents for heavy metals removal from wastewater (Gargiulo et al., 2024),
wall insulation application (Akhter et al., 2025), use in silica production (Nzereogu et al., 2023),
for corrosion protection application (Mahalingam et al., 2024), suitable for photocatalytic
application (Xavier et al., 2024), application in adsorptive removal of herbicide glyphosate
(Hai et al., 2024), in biochar formation (Munda et al., 2023), for the application as anode
material in lithium-ion battery (Kumchompoo et al.,, 2023), for sustainable building
applications (Adedeji et al., 2022), for bone prostheses applications (Druzian et al., 2022), for
fire-resistant applications (Dhasindrakrishna et al., 2022) and for improved acoustic, hygric,
and thermal performance (Narattha ef al., 2024).

These are few out of many applications of rice husk. Therefore, determining it chemical
composition is of paramount important for sustainable development. In all the different result
compared with the present findings varies in either number of element present or the
percentage concentration of elements in the rice husk, but one thing is certain they all have
high percentage of silica. The use of silica in industries cannot be easily replace by any
material. For instance it is used in optoelectronic fields (Cai ef al., 2024), in a concrete
pavement (Verma et al., 2025), to reduce phenolic content of red wines and so on (Manzoni et
al., 2024). Also, the two elements P and K are useful in agronomy in terms of fertilizer
manufacturing (Fan et al., 2023; Song et al., 2022). There are many wastes but that of rice husk
is unique which can be utilized in such a way that it will be of help, in keeping the
environment clean and thereby enhancing the technological development in diverse ways.

CONCLUSION

The elemental composition of rice husk was determined using the EDXRF technique. The
samples analyzed were obtained from four different locations namely Akko, Billiri, Gombe
and Yamaltu Deba of Gombe State, Nigeria. The mean results of the analyses in mass
percentage concentration was found to be as follows; Fe (2.98), S (3.40), P (17.45), Ca (4.26), K
(14.8), Bi (2.90), Ba (6.81), Pb (3.40), Sn (2.55), Si (44.26). The results in percentage concentration
mass shows Si > P > K > Ba > Ca > Pb, S > Fe > Bi and Sn. The three major composition Si, P
and K are useful in industrial applications thereby adding valuable features to different
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product, which makes the rice husk a useful material rather than a waste. This finding will
add value to the rice husk for revealing it chemical composition, it will contribute to achieving
net zero waste in terms of waste management and pollution, create awareness to the
inhabitant within the study areas. Lastly, it confirms the higher percentage of Si concentration
which is common to all the existing findings globally.

ACKNOWLEDGEMENT

The authors are immensely grateful to Engr. Abdulraham Abdulhamid of Umaru Musa
Yar’adua University, Nigeria. For his assistance in carrying out the analysis of the rice husk
samples using the EDXRF technique.

REFERENCE

Adedeji, L., ljeoma, I., Olalekan, A., Peter, A., Soboyejo, A. B. O., & Amu, O. O. (2022). Case
Studies in Construction Materials Mechanical behaviour of composite produced with
quarry dust and rice husk ash for sustainable building applications. Case Studies in
Construction Materials, 17(January), e01157. https:/ /doi.org/10.1016/j.cscm.2022.e01157

Agency, E. P., Epa, U. S,, Miguez, D., Wexler, P., & Foundation, L. (2024). Environmental
Protection Agency, U.S. (EPA). In Encyclopedia of Toxicology 4th Edition (4. Aufl.). Elsevier
Inc. https:/ /doi.org/10.1016 / B978-0-12-824315-2.00229-3

Akhter, A., Mondal, D., & Kumar, A. (2025). Heliyon Evaluation of mechanical and thermal
performance of jute and coconut fiber-reinforced epoxy composites with rice husk ash
for wall insulation applications. Heliyon, 11(3), e42211.
https://doi.org/10.1016/j.heliyon.2025.e42211

Alharthai, M., Onyelowe, K. C., Alj, T., Zeeshan, M., Rezzoug, A., Deifalla, A., & Alharthi, K.
(2025). Case Studies in Construction Materials Enhancing concrete strength and durability
through incorporation of rice husk ash and high recycled aggregate. 22(October 2024).

Aliyu, A. S., Dunama, A. M., Aliyu, U. S., Hamza, A. M., Nyakuma, B. B., Gaya, U. I, Zira, J.
D., Liman, M. M., Liman, M. S, & V, L. J. (2024). Bismuthite and cassiterite-doped
borosilicate glass systems for X-rays attenuation: Fabrication and characterisation.
Optical Materials, 151(April), 115365. https:/ /doi.org/10.1016/j.optmat.2024.115365

Cai, S., Chen, X., Wang, S., Liao, X., Chen, Z., Lin, Y., Cai, S., Chen, X., Wang, S., Liao, X., Chen,
Z., & Lin, Y. (2024). Silica coating of quantum dots and their applications in
optoelectronic fields. Chinese Chemical Letters, 110798.
https:/ /doi.org/10.1016/j.cclet.2024.110798

Cengiz, T. (2022). Barium borosilicate glass coatings based on biomass for steel surfaces : Use of rice
husk ash ’ po g 48(December 2021), 8671-8679.
https:/ /doi.org/10.1016/j.ceramint.2021.12.078

David, A., Kafadi, G., Dankawu, U. M., & Nasir, M. M. (2023). Evaluation of Chemical
Compositions of Rice Husk From Local Rice Species Using X- Ray Fluorescence Technique.
September. https:/ / doi.org/10.33003/fjs-2023-0704-1777

David, A., Kafadi, G., Dankawu, U. M., Zarma, S. S.,, & Abdullahi, A. G. (2022). THE
International Journal Of Science & Technoledge Assessment of Chemical Composition of Rice
Husk Using Energy Dispersive X-Ray Fluorescence Technique from Kano State , North Western
Nigeria. July. https:/ /doi.org/10.24940/ theijst /2022 /v10/i4/ST2204-005

David, A., Kafadi, G., Shuaibu, H. Y., & Lariski, F. M. (2021). Elemental Analysis of Rice Husk
Using X-Ray Fluorescence Techniques — A Case Study of Jigawa State , Nigeria . January 2022.
https:/ /doi.org/10.4314/ dujopas.v7i4b.17

Dhasindrakrishna, K., Ramakrishnan, S., & Pasupathy, K. (2022). Synthesis and performance
of intumescent alkali-activated rice husk ash for fire-resistant applications. Journal of
Building Engineering, 51(December 2021), 104281.
https://doi.org/10.1016/].jobe.2022.104281

A. D. G. Kafadi et al, DUJOPAS 11 (4d): 1-11, 2025 8



Determination of Rice Husk Chemical ComBositions using Energx Diseersive X-Rax Fluorescence Technigue

Druzian, D. M., Pavoski, G., Espinosa, D. C. R., Machado, A. K., & Silva, W. L. Da. (2022).
Properties of a nanobioglass synthesized from rice husk for bone prostheses applications.
Materials Chemistry and Physics, 277(September 2021), 125517.
https://doi.org/10.1016/j.matchemphys.2021.125517

Fan, Q., Xu, C., Zhang, L., Xie, ]., Zhou, G,, Liu, J., Hu, F., Gao, S., & Cao, W. (2023). Application
of milk vetch ( Astragalus sinicus L .) with reduced chemical fertilizer improves rice yield
and nitrogen , phosphorus , and potassium use efficiency in southern China. European
Journal of Agronomy, 144(February), 126762. https:/ /doi.org/10.1016/j.eja.2023.126762

Gargiulo, V., Dji, F., & Alfe, M. (2024). Journal of Environmental Chemical Engineering From
agricultural wastes to advanced materials for environmental applications : Rice husk-
derived adsorbents for heavy metals removal from wastewater. Journal of Environmental
Chemical Engineering, 12(5), 113497. https:/ /doi.org/10.1016/j.jece.2024.113497

Hai, T., Doan, Y., Thu, T., Nguyen, T., Trang, T., & Thanh, D. (2024). Modification of bio-zeolite
greenly synthesized from rice husk and application in adsorptive removal of herbicide
glyphosate. ~ Materials ~ Chemistry ~ and  Physics, ~ 316(February), = 129108.
https:/ /doi.org/10.1016/j.matchemphys.2024.129108

Hong, C., Zhong, R., Xu, M., He, P., Mo, H., & Qin, Y. (2024). Interactions Among Food
Systems , Climate Change , and Air Pollution: A Review. ENGINEERING.
https://doi.org/10.1016/j.eng.2024.12.021

Igwebike-ossi, C. D., & Igwebike-ossi, C. D. (2017). Elemental Analysis of Rice Husk Using
Proton- Induced X-Ray Emission ( Pixe ) Spectrometry. 13(4), 801-811.

Kamboj, A., Kumar, P., Chawla, P., Singh, B., Shekhar, C., Sridhar, K., & Singh, J. (2024).
Biocatalysis and Agricultural Biotechnology Sustainable management of rice by-
products : Environmental challenges , industrial applications , and circular bio-economy
innovations.  Biocatalysis and  Agricultural  Biotechnology,  62(April), 103430.
https://doi.org/10.1016/j.bcab.2024.103430

Ke, ], Cai, K, Yuan, W,, Lj, J., & Song, Q. (2022). Promoting solid waste management and
disposal through contingent valuation method : A review. Journal of Cleaner Production,
379(P1), 134696. https:/ /doi.org/10.1016/j.jclepro.2022.134696

Kim, N, Jang, M., Jo, J., Park, J., Kim, A., & Hwang, I. (2022). Application of energy dispersive
X-ray fluorescence spectrometry and near-infrared reflectance spectroscopy combined
with multivariate statistical analysis for discriminating the geographical origin of
soybeans. Food Control, 140(May), 109140.
https:/ /doi.org/10.1016/j.foodcont.2022.109140

Kim, T., Tran, C., Thuy, T., Truong, T., Luong, A., Anh, D., Do, M., Giang, T., Duyen, T., &
Duc, T. (2025). Environmental Technology & Innovation Synthesis , characterization of
novel protein-modified rice husk biochar and their applications for highly adsorptive
removal azo dye in water. Environmental Technology & Innovation, 37, 104037.
https://doi.org/10.1016/j.eti.2025.104037

Komatsu, S., Saito, K., Sakurai, T., & Africa, W. (2022). Field Crops Research Changes in
production , yields , and the cropped area of lowland rice over " te d ' Ivoire the last 20
years and factors affecting their variations in C o. Field Crops Research, 277(June 2021),
108424. https:/ /doi.org/10.1016/j.fcr.2021.108424

Kumchompoo, J., Kunthadee, P., Laorodphan, N., & Kidkhunthod, P. (2023). The solid-state
reaction facilitated by a microwave-assisted method for lithium vanadium silicon oxide
synthesis by incorporating pure silica and rice husk ash for the application as anode
material in lithium-ion battery. Radiation Physics and Chemistry, 207(November 2022),
110863. https:/ /doi.org/10.1016/j.radphyschem.2023.110863

Lakhouit, A. (2024). Mitigating landfill emissions strategies for effective waste management
in tabuk. Cleaner Waste Systems, 9(November), 100187.
https://doi.org/10.1016/j.clwas.2024.100187

A. D. G. Kafadi et al, DUJOPAS 11 (4d): 1-11, 2025 9



Determination of Rice Husk Chemical ComBositions using Energx Diseersive X-Rax Fluorescence Technigue

Liberalesso, T., Tassi, R., Ester, D., Allasia, D. G., Karina, N., & Arboit, S. (2021). Effect of rice
husk addition on the physicochemical and hydrological properties on green roof
substrates under subtropical climate conditions. Journal of Cleaner Production, 315(June),
128133. https:/ /doi.org/10.1016/j.jclepro.2021.128133

Liu, B., Huang, L., Jiang, X, Liu, Y., Huang, G., & Yang, C. (2024). Science of the Total
Environment Quantitative evaluation and mechanism analysis of soil chemical factors
affecting rice yield in saline-sodic paddy fields. Science of the Total Environment,
929(April), 172584. https:/ /doi.org/10.1016/j.scitotenv.2024.172584

Mahalingam, V., Sivaraju, M., Kumar, G. S., Lalithambigai, K., & Minh, N. Van. (2024).
Synergistic effect of a -alumina integrated silica ceramic nanocomposites prepared using
waste beverage cans and rice husk for corrosion protection application. Journal of Alloys
and Compounds, 990(April), 174381. https:/ /doi.org/10.1016/j.jallcom.2024.174381

Manzoni, A., Mu, S., Lizama, V., Garcia, M. J., Argtielles, A., & Aleixandre-tudo, J. L. (2024).
Novel application of silica materials to reduce phenolic content of red wines. 4(November).
https:/ /doi.org/10.1016/j.afres.2024.100608

Ming, C., Hafiz, M., Hafiz, M., Othman, D., & Kamaludin, R. (2024). Rice husk-derived
photothermal materials for membrane distillation. 327(August).

Munda, S., Nayak, A. K., Shahid, M., Bhaduri, D., Chatterjee, D., Mohanty, S., Tripathi, R., &
Kumar, U. (2023). Heliyon Soil quality assessment of lowland rice soil of eastern India :
Implications of rice husk biochar application. Heliyon, 9(7), €17835.
https://doi.org/10.1016/j.heliyon.2023.e17835

Narattha, C., Wattanasiriwech, S., & Wattanasiriwech, D. (2024). Sustainable , multifunctional
fly ash geopolymer composite with rice husk aggregates for improved acoustic , hygric,
and thermal performance. Construction and Building Materials, 445(August), 137743.
https://doi.org/10.1016/j.conbuildmat.2024.137743

Nwanya, A. C.,, & Musheghyan-avetisyan, A. (2024). Fabrication of asymmetric
supercapacitors by laser processing of activated carbon-based electrodes produced from
rice husk waste. 54(September). https:/ /doi.org/10.1016/j.surfin.2024.105200

Nzereogu, P. U., Omah, A. D., Ezema, F. I, Iwuoha, E. I, & Nwanya, A. C. (2023). Silica
extraction from rice husk: Comprehensive review and applications. Hybrid Advances,
4(October), 100111. https:/ /doi.org/10.1016/j.hybadv.2023.100111

Oladele, S. O., Adeyemo, A. J., & Awodun, M. A. (2019). Geoderma In fl uence of rice husk
biochar and inorganic fertilizer on soil nutrients availability and rain-fed rice yield in two
contrasting soils. Geoderma, 336(August 2018), 1-11.
https:/ /doi.org/10.1016/j.geoderma.2018.08.025

Ouyang, D., Wu, Q., Wang, S, Liu, K,, Li, S., Li, Y., Chen, X., Wang, K., Wu, W., Dong, Z,,
Jiang, Y., Zhang, Y., Shi, Z., Zhao, B., & He, K. (2025). Resources , Conservation &
Recycling Strategic approach to reduce environmental damage by CO 2 and air pollution
based on Energy-Material-Emission Nexus : Insights from Beijing. Resources, Conservation
& Recycling, 215(November 2024), 108078.
https://doi.org/10.1016/j.resconrec.2024.108078

Pereira, W. S., Kelecom, A., Carmo, A. S., Lopes, J. M., Charles-pierre, M., Campelo, E. L. C.,
Paiva, A. K, Silva, R. C., & Silva, A. X. (2023). Excess lifetime cancer risk due to ingestion
of fish from a dam reservoir associated with a nuclear facility in Brazil. Applied Radiation
and Isotopes, 201(May), 111033. https:/ /doi.org/10.1016/j.apradiso.2023.111033

Shrestha, S., Asch, F., Dusserre, J., Ramanantsoanirina, A., & Brueck, H. (2012). Field Crops
Research Climate effects on yield components as affected by genotypic responses to
variable environmental conditions in upland rice systems at different altitudes. Field
Crops Research, 134, 216-228. https:/ /doi.org/10.1016/j.fcr.2012.06.011

Singh, J., Bhattu, M., Keey, R., Verma, M., Kaur, S., Bechelany, M., & Jadeja, R. (2025).
Environmental Technology & Innovation Transforming rice straw waste into biochar for

A. D. G. Kafadi et al, DUJOPAS 11 (4d): 1-11, 2025 10



Determination of Rice Husk Chemical ComBositions using Energx Diseersive X-Rax Fluorescence Technigue

advanced water treatment and soil amendment applications. Environmental Technology &
Innovation, 37, 103932. https:/ /doi.org/10.1016/j.eti.2024.103932

Song, H., Chen, X., Cheng, L., Lu, D., & Wang, H. (2022). Agriculture , Ecosystems and
Environment Negligible ammonia volatilization loss with one-time root-zone targeted
application of common nitrogen , phosphorus , and potassium fertilizers in transplanted
rice cultivation . Agriculture, Ecosystems and Environment, 338(July), 108072.
https://doi.org/10.1016/j.agee.2022.108072

Umar, S. A., Halimah, M. K., Chan, K. T., & Latif, A. A. (2017). Physical , structural and optical
properties of erbium doped rice husk silicate borotellurite ( Er-doped RHSBT ) glasses.
Journal of Non-Crystalline Solids, 472(July), 31-38.
https://doi.org/10.1016/j.jnoncrysol.2017.07.013

Verma, P., Shukla, S., & Pal, P. (2025). Materials Today Sustainability Potential application of
nano-silica in concrete pavement : A bibliographic analysis and comprehensive review.
Materials Today Sustainability, 29(August 2024), 101079.
https://doi.org/10.1016/j.mtsust.2025.101079

Vitali, A., Moretti, B., Lerda, C., Said-pullicino, D., Celi, L., Romani, M., Fogliatto, S., &
Vidotto, F. (2024). Field Crops Research Conservation tillage in temperate rice cropping
systems : Crop production and soil fertility. Field Crops Research, 308(November 2023),
109276. https:/ /doi.org/10.1016/j.fcr.2024.109276

Weinberger, M., Queralt, 1., Streli, C., Wobrauschek, P., Besalq, E., Jablan, ]., & Margui, E.
(2024). Spectrochimica Acta Part B: Atomic Spectroscopy Critical evaluation of energy
dispersive X-ray fluorescence spectrometry for multielemental analysis of coffee
samples: Sample preparation , quantification and chemometric approaches.
Spectrochimica ~ Acta  Part B:  Atomic  Spectroscopy, 215(January), 106898.
https://doi.org/10.1016/j.sab.2024.106898

Xavier, A. C., Vanjinathan, M., Kumar, T. K., Anbarasu, S., & Anand, D. P. (2024). Materials
Today : Proceedings Preparation and characterization studies of silica tin nanospheres
from Indian rice husk for suitable photocatalytic applications. Materials Today:
Proceedings, March, 1-7. https:/ /doi.org/10.1016/j.matpr.2024.03.023

Zhang, X., Yang, H., Cui, D., Kuan, H., Zhang, Y., & Ma, J. (2024). Journal of Hazardous
Materials Advances Evaluation and pollution analysis of water environment of state-
controlled river in Zaozhuang City from 2016 to 2022. Journal of Hazardous Materials
Advances, 16(October), 100503. https:/ /doi.org/10.1016/j.hazadv.2024.100503

Zhao, W., Li, J., Gong, G., Fischer, T., & Liu, Y. (2025). Applying digital technologies in
construction waste management for facilitating sustainability. Journal of Environmental
Management, 373(August 2024), 123560. https:/ /doi.org/10.1016/j.jenvman.2024.123560

A. D. G. Kafadi et al, DUJOPAS 11 (4d): 1-11, 2025 11



