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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.  
 
Keywords: Rice husk; Zero waste; Elemental analysis; Percentage concentration; EDXRF 

 
 

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 et 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 
Km2, 737 Km2, 52 Km2, 2181 Km2 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 0C 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’ 45”   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”   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)  

 
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. 

 
 
Figure 3 Elemental compositions of rice husk samples 

 
 
 



Determination of Rice Husk Chemical Compositions using Energy Dispersive X-Ray Fluorescence Technique  

A. D. G. Kafadi et al, DUJOPAS 11 (4d): 1-11, 2025                                                                          6 
 

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, K2O: 4.92, P2O5: 3.04, Al2O3: 2.33, MgO2: 2.08, CaO: 1.15, 
TiO2: 0.02, Mn: O 0.14, Fe2O3: 0.23, ZnO: 0.03 and SO3:1.02 (Ming et al., 2024). In a similar 
development, N. Çopoglu et al. found nine elements SiO2: 93.07, K2O: 4.055, P2O5: 0.989, MgO2: 
0.627, CaO: 0.7296, MnO: 0.2471, the remaining three Al2O3, Fe2O3, and Na2O 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 SiO2: 97.25, K2O, SO3: 0.15, Al2O3: 1.80, MgO2: 0.54, CaO: 
0.11, MnO: 0.01 and Fe2O3: 0.07  were found (Aliyu et al., 2024). Also, S.A. Umar et al. 
discovered seven elements in oxide form which are SiO2: 98.548, SO3: 0.793, K2O: 0.079, ZnO: 
0.009, CaO: 0.407, MnO: 0.035 and Fe2O3: 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, SO3: 0.658, K2O 0.098, CaO: 0.415, MnO: 0.042, 
CuO: 0.024 and Fe2O3: 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 > K2O > CaO > Fe2O3 > 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 et 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 et 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 et 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.  
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