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Abstract  

 

Rice husk is a byproduct of rice milling that is commonly available in Vietnam due to the 

country's massive rice producing industry. While rice husk has traditionally been considered a 

waste product, recent research has shown that it has potential for use in wastewater treatment. 

This study comprehensively reviews a multitude of aspects regarding the application of rice 

husk waste in water treatment in Vietnam. The effectiveness of rice husk as an adsorbent 

material for removing heavy metals, organic compounds, and dyes from wastewater is 

highlighted. Besides, rice husk is even used for treating floodwater in Vietnam. The use of rice 

husk waste for water treatment has significant potential for both environmental and economic 

benefits for Vietnam. It provides a low-cost, sustainable alternative to traditional wastewater 

treatment methods and can help to address the country's ongoing water pollution challenges. 
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Introduction 

 

Rice husk is a byproduct of the rice milling process and is considered a waste product in 

agricultural countries where rice cultivation occupies the largest proportion of the crops produced, 

including in Vietnam [1]. According to the Ministry of Agriculture and Rural Development's 

projections, Vietnam's yearly rice husk production will be around 8.8 million tons. The Fig. is 

projected to rise in the coming years due to the country's growing rice industry. As a result, rice 

husk waste creates a number of environmental issues in Vietnam, especially in terms of disposal 

and management. Air and water pollution, waste management challenges, and greenhouse gas 

emissions are some of the key environmental problems associated with rice husk waste in 

Vietnam. The open burning of rice husk waste is typical in many parts of Vietnam, particularly 

in rural areas. These fires emit a lot of smoke, particulate matter, and greenhouse gases into the 

atmosphere, which contributes to air pollution and climate change. [2]. These emissions can have 

detrimental effects on air quality, human health, and the environment. Besides that, improper 

disposal of rice husk waste can lead to water pollution. When rice husk waste is discarded in 

water bodies such as rivers or lakes, it can degrade water quality by releasing organic matter and 

nutrients, leading to eutrophication [3]. Eutrophication can cause excessive algae growth, oxygen 

depletion, and harm aquatic ecosystems. Noticeably, the sheer volume of rice husk waste 

generated by Vietnam's rice production industry presents significant waste management 

challenges. Inadequate infrastructure and lack of proper waste management systems can result in 

the accumulation of rice husk waste, leading to land pollution and hindering land use [4]. Finally, 

when rice husk waste decomposes in landfills or stagnant water bodies, it produces methane gas, 

which is a potent greenhouse gas with a significant impact on climate change [5]. Methane 
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emissions from rice husk waste contribute to the country's overall greenhouse gas emissions and 

global warming potential [6]. Addressing these environmental problems associated with rice husk 

waste in Vietnam requires implementing sustainable waste management practices. The 

development of efficient technologies and waste management systems can help minimize the 

negative environmental impacts of rice husk waste, reduce air and water pollution, and mitigate 

climate change effects. In recent years, researchers and entrepreneurs in Vietnam have begun to 

explore the potential uses of rice husk waste. Besides application in energy generation, building 

materials, animal feed, and soil amendment, rice husk is mainly used in water treatment in 

Vietnam. One of the main applications of rice husk in water treatment is as a raw material for 

adsorbent production. Rice husk contains high levels of silica, which can be activated to create a 

porous structure capable of adsorbing contaminants from aqueous solution [7]. This makes rice 

husk a potent substitute for conventional adsorbent substances like activated carbon. According 

to studies conducted in Vietnam, rice husk has a high adsorption capacity and is less expensive 

than conventional adsorbent materials. It is even employed in the supply water treatment system. 

One of the advantages of using rice husk waste for wastewater treatment in Vietnam is its low 

cost and availability. It is also very sustainable to use rice husk for wastewater treatment. The use 

of rice husk in wastewater treatment lessens the environmental impact of the rice producing 

industry and aids in addressing the issue of water pollution in Vietnam by reusing a material that 

would otherwise be discarded. Additionally, the use of rice husk for wastewater treatment reduces 

the need for expensive and energy-intensive treatment processes, making it a cost-effective 

solution for wastewater treatment in Vietnam. One of the challenges of using rice husk as an 

adsorbent material is its variability in composition and properties, which can affect its 

effectiveness in water treatment. However, researchers in Vietnam have been working on 

developing methods to optimize the activation of rice husk and improve its effectiveness as an 

adsorbent material for water treatment. To gain a comprehensive understanding and obtain 

detailed information on the specific studies and advancements in using rice husk waste for water 

treatment in Vietnam, herein, we investigate the recent application of this waste in water treatment 

in Vietnam. The review mainly focuses on the following four aspects: 1- the situation of rice husk 

emission in Vietnam; 2 – the advantages of using rice husk as a material for water remediation; 

3 – the application of rice husk waster in wastewater treatment; 4 – the application of rice husk 

waster in supply water treatment system. 

The article presents a description of the technology for the production of magnetic 

composites at low compression pressures based on amorphous iron alloys using a polymer resin 

as a matrix. 

 

Situation of rice husk emission in Vietnam 

 

Vietnam is one of the world's largest rice growers, and as a result, it generates a huge 

amount of rice husk trash. Vietnam's rice husk emission is inextricably linked to the country's 

rice farming industry. According to the Vietnamese Ministry of Finance, one of the goals for the 

country's rice export market in the 2017-2020 timeframe, with a long-term goal of 2030, was to 

gradually reduce rice export volume while raising export rice value. In particular, the annual rice 

export volume was predicted to reach approximately 4.5 - 5 million tonnes in 2020, earning an 

estimated USD 2.2 - 2.3 billion per year. The country's annual rice export volume is expected to 

be around 4 million tonnes between 2021 and 2030, earning USD 2.3 - 2.5 billion per year. 

Simultaneously, it would restructure rice export products. Exports of aromatic rice, specialty rice, 

and Japonica rice will account for 40 percent of total exported rice volume, followed by glutinous 

rice and white rice exports at 25 percent each. In Vietnam, rice is also referred to as “white gold”. 

Rice production is critical to Vietnam’s agricultural industry, constituting 30% of the country’s 

total agricultural production value. Rice farming takes up about half of all agricultural land [8]. 

The overall harvested area of paddy fields is about 7.7 million hectares, with the Mekong River 



APPLICATION OF RICE HUSK WASTER IN WATER REMEDIATION IN VIETNAM: A REVIEW 
 

 

http://www.ejmse.ro 117 

Delta and Red River Delta regions having the highest amounts of harvested areas. The Mekong 

Delta alone is home to 20% of Vietnam's population and produces more than 50% of Vietnam's rice 

output and exports more than 90% of its rice [9]. As seen in Fig. 1, the Mekong River Delta produces 

54 percent of Vietnam's rice and the Red River Delta produces 17 percent [8, 10]. 

 
 

Fig. 1. Distribution area of rice cultivation in Vietnam [8, 10] 
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The large rice production industry in Vietnam generates a significant amount of rice husk 

waste, which has traditionally been considered a nuisance and often burned, contributing to air 

pollution and greenhouse gas emissions. The rice husk is the outer layer or husk that surrounds 

the rice grain [11]. The husk is separated from the rice grain during the milling process, resulting 

in rice husk waste. This is a cellulose-based fiber that accounts for around 20% of the weight of 

rice.  Table 1 shows the composition of rice husk generated from a local rice mill in An Giang 

province, Vietnam. As a result, its composition is as follows: cellulose (45-50%), lignin (27-

33%), silica (10%-15%), and moisture (10%-15%). Rice husks under observation display a light 

yellow coloration, characterized by an oval shape with an average long of 9 mm, width of 2.25 

mm, and thickness of about 0.13 mm (Fig. 2).  

 
Table 1. The elemental component and dimension of the rice husk. 

 

Elemental component, % Dimension, mm 

C 38.92 
Long 8 - 10 

H 4.90 

N 2.24 
Wide 2.0 - 2.5 

O 27.12 

Humility 11.5 
Thick 0.1 - 0.15 

Ash 12 

 

 
 

Fig. 2. Rice husk image 

 

It is estimated that Vietnam produces approximately 8.8 million tons of rice husk waste 

annually. The Fig. is expected to increase in the coming years due to the growth of the rice 

industry in the country. According to the Ministry of Agriculture and Rural Development’s plan, 

the husks will increase to 9.21 tonnes by 2025. Rice husk itself does not cause pollution. However, 

improper management and disposal of rice husk waste can lead to pollution and environmental 

concerns. Historically, deemed as a kind of waste, rice husks were dumped into rivers or burned 

in fields, wasting a remarkable source of energy while badly affecting the environment, 

particularly in rural areas where proper waste management infrastructure is limited. When rice 

husk is burned in open fields or makeshift burn piles, it releases smoke, particulate matter, and 
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various gases into the atmosphere. These emissions contribute to air pollution and can have 

detrimental effects on air quality, human health, and the environment. The smoke and particulate 

matter released during rice husk burning contain pollutants such as carbon monoxide (CO), 

nitrogen oxides (NOx), sulfur dioxide (SO2), volatile organic compounds (VOCs), and fine 

particulate matter (PM2.5) [12]. These pollutants can cause respiratory problems, eye irritation, 

cardiovascular issues, and other health complications when inhaled. Moreover, the greenhouse 

gases released during rice husk burning, including carbon dioxide (CO2) and methane (CH4), 

contribute to climate change [13]. Methane, in particular, is a potent greenhouse gas with a higher 

global warming potential than carbon dioxide in the short term. The decomposition of rice husk 

waste in landfills or stagnant water bodies can also result in methane emissions. 

Improper disposal of rice husk waste can lead to water pollution. When rice husk waste is 

discarded in water bodies such as rivers or lakes, it can degrade water quality by releasing organic 

matter and nutrients. This can cause eutrophication, which is an excessive growth of algae that 

depletes oxygen levels in water bodies. Eutrophication can harm aquatic ecosystems, leading to 

fish kills and imbalances in the aquatic environment [14]. 

If rice husk waste is not properly disposed of, it may build up in the ground and cause soil 

pollution. This might happen if discarded rice husk is thrown on land or utilized as fill material 

without taking the proper precautions. Waste rice husks can potentially pollute the soil with heavy 

metals or other contaminants, change nutrient balances, and impact soil fertility [15]. 

Therefore, adequate waste management techniques should be used to reduce pollution 

caused by rice husk trash. The innovative and environmentally friendly method of treating water 

using rice husk has gained popularity recently. Research and pilot projects have been carried out 

to investigate the use of rice husks for water purification in Vietnam and other nations. These 

initiatives seek to combat water pollution and offer affordable water treatment options by 

maximizing the potential of this abundant and renewable material. 

 

Advantages of using rice husk as a material for water remediation 

 

Firstly, rice husk contains high levels of silica and has a porous structure, making it an excellent 

adsorbent material [16, 17]. The porous nature of rice husk provides a large surface area for adsorption, 

allowing it to effectively capture and remove pollutants from aqueous solution [18, 19]. 

Secondly, the inexpensive cost of employing rice husk for water remediation is one of its 

advantages. Rice husk is a byproduct of the rice business that is commonly available and 

affordable in comparison to other adsorbent materials. This makes it an appealing choice, 

particularly in areas where financial resources for wastewater treatment are limited [20]. The 

price of rice husks in Vietnam can vary depending on various factors such as location, demand, 

supply, and market conditions. Averagely, the price per ton of rice husks fluctuates around $25 

in Vietnam.  

Finally, utilizing rice husk for wastewater treatment aligns with sustainability principles. 

Repurposing a waste product reduces environmental impacts associated with rice husk disposal 

and contributes to a circular economy approach. Additionally, the use of rice husk for water 

treatment can help address water pollution issues and promote sustainable water management 

practices. 

 

Application of rice husk waster in wastewater treatment   

 

Pollutants such as metals and organic chemicals can be found in wastewater. Heavy metals 

such as lead (Pb), cadmium (Cd), mercury (Hg), arsenic (As), chromium (Cr), and copper (Cu) 

can be found in industrial wastewater from mining, metal plating, electronics, and manufacturing 

operations [21]. These metals are toxic and can have detrimental effects on human health and the 

environment. Other trace metals like zinc (Zn), nickel (Ni), manganese (Mn), and iron (Fe) may 
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also be found in wastewater. While these metals are required in trace amounts for biological 

processes, excessive concentrations can be harmful. Talking about the organic pollutants in 

wastewater, it is necessary to refer to pharmaceuticals, pesticides, herbicides, polycyclic aromatic 

hydrocarbons, and volatile organic compounds (VOCs) [22]. In Vietnam, rice husk can be 

effectively utilized as a precursor of adsorbent material for removing these pollutants. The most 

basic form of adsorbent from rice husk is activated carbon (AC) and biochar [23, 24]. The process 

of production of AC derived from rice husk has consisted of the following stages: 

 Collection and Preparation: Rice husk waste is collected from rice mills or agricultural 

sources. It is then cleaned and dried to remove any impurities or moisture content. 

Carbonization: The dried rice husk is subjected to a carbonization process. Carbonization 

involves heating the rice husk in the absence of oxygen at high temperatures (typically between 

500 to 800 degrees Celsius). This process converts the organic components of the rice husk into 

carbon, leaving behind ash and volatile components. 

Activation: There are two common methods for activating rice husk: physical activation 

and chemical activation. 

- Physical Activation: In physical activation, the carbonized rice husk is further heated in 

the presence of an activating agent, usually steam or carbon dioxide. This process creates a porous 

structure by gasifying the remaining volatile components, resulting in the development of pore 

structures within the carbon. 

- Chemical Activation: In chemical activation, the carbonized rice husk is impregnated 

with a chemical activating agent, such as potassium hydroxide (KOH) [23], potassium carbonate 

(K2CO3) [24], and phosphoric acid (H3PO4). The impregnated rice husk is then heated at moderate 

temperatures to activate the carbon and create porosity. Fig. 3 shows micrographs of materials 

formed following carbonization (a) and activation (b) of rice husk. The porosity of the material 

expanded considerably when it was activated, as can be shown. 

 

 
 

Fig. 3. Micrographs of materials obtained after carbonization (a) and activation (b) of rice husk [25] 

 

Washing and Drying: After the activation process, the activated carbon is washed 

thoroughly to remove any residual impurities or activating agents. This is followed by drying to 

remove moisture content. 

Unlike the production process of AC, biochar from rice husk is prepared by pyrolysis at 

450-600oC [26, 27].  

The obtained materials are highly porous material with a large surface area. Mai T.T. and 

co-workers successfully synthesized activated carbon from rice husk by carbonizing the rice husk 

and activating the chemical by K2CO3. The resulting AC has a large surface area of 1583 m2g-1 

and a pore volume of 0.93 cm2.g-1 [24]. Meanwhile, the surface area of biochar from rice husk is 

lower than that of AC (360-380 m2 g-1) [26]. Surprisingly, these materials contained hollow 

tunnels, which may be attributed to adsorption (Fig. 4). 
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Fig. 4. SEM images of AC (a)  and biochar (b) derived from rice husk  [24], [26] 

 

The prepared AC and biochar were then used to adsorb the pollutants such as industrial 

dyes, heavy metals, and others. Tan T.V. and co-workers used AC from rice husk waste, which 

was activated by KOH, for the adsorptive removal of methylene blue (MB). The obtained result 

showed that the MB adsorption efficiency reached over 80 % at a concentration of 50 mg/L, pH 

8 within 180 minutes [24]. The biochar from rice husk is also highly efficient adsorbent material 

for MB removal. However, the obtained biochar was activated by chemicals to improve the dye 

removal efficiency. Bui H.T. and co-workers activated biochar from rice husk using NaOH 25% 

in order to enhance the MB adsorption efficiency. Accordingly, the biochar activated by NaOH 

for 4 hours at room temperature was optimal, and the MB removal effectiveness immediately 

approached 100% after the first hour of adsorption [26]. 

Recently, researchers in Vietnam have been working on developing methods to optimize the 

activation of rice husk and improve its effectiveness as an efficient adsorbent material for water treatment. 

Activated rice husk ash functionalized with metal and organic compounds is preferred to be used to 

increase the efficiency of water treatment. Activated rice husks-supported metal compounds such as 

silver nanoparticles, magnesium oxide, and iron oxyhydroxide were successfully prepared for adsorptive 

removal of chloride [28], ammonia [29] and arsenic [30]. In particular, coating activated rice husk with 

iron oxyhydroxide (FeOOH) can increase the removal capacity for As(V) from aqueous solutions [30]. 

Adsorption is mostly determined by the number of iron sites on the adsorbent's surface. Iron used to 

modify adsorbents can be of numerous forms, including amorphous iron oxide, ferrihydrite, aragonite, 

goethite, hematite, and others, depending on circumstances such as pH and temperature. At pH 4, the 

prepared rice husk-FeOOH material has a 99.6 percent As(V) removal capability [30]. Nguyen T.T. and 

co-workers designed and fabricated activated rice husk ash-supported silver nanoparticles for chloride 

removal [28]. The rice husk ash was collected from a furnace for brick production in An Giang province. 

TEM images of activated rice husk ash–supported silver nanoparticles 5% and 10% are presented in Fig. 

5a. The effects of adsorption time on the chloride adsorption in the presence of activated rice husk ash 

(ARHA), and activated rice husk ash–supported silver (Ag/ARHA) are illustrated in Fig. 5b. 

Interestingly, While ARHA did not exhibit chloride adsorption, the chloride capacity of the 5 percent 

Ag/ARHA adsorbent reached 7.9 mg Cl-/gAg. The surface area of 5 percent Ag/ARHA is less than that 

of ARHA, indicating that Ag nanoparticles are the primary adsorption sites for chloride adsorption while 

ARHA material serves as a carrier or supporting material. 

In addition to metal compounds, ARHA was also functionalized with amine to form an 

effective adsorbent for the simultaneous removal of organics and anions in wastewater [31]. 

Because of the strong activity of amine groups and the uniform dispersion of amines on the 

ARHA surface, the amine-grafted on the ARHA carrier (amine-ARHA) provides exceptional 

pollutants adsorption capability. 
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Fig. 5. TEM image of 5%Ag/ARHA(a) and effects of adsorption time on  

chloride adsorption in the presence of ARHA and 5%Ag/ARHA [28] 

 

Fig. 6 depicts the hypothesized adsorption mechanism of amine-ARHA against 

contaminants such as nitrate (NO3-), phosphate (PO4
3-), and methyl orange (MO). Accordingly, 

A conjugated adsorption mechanism may occur on the surface of the amine-ARHA adsorbent, 

which can be attributed to the amine groups in the MO molecule being further activated by H+ 

(released from the surface amine groups) or Na+ ions (present in the solution) to form new 

adsorption centers for nitrate and phosphate. The amine-ARHA material proved more 

advantageous for multipollutant removal than other materials in the treatment of real wastewater 

due to its conjugated adsorption process [31]. 

 
 

Fig. 6. Proposed conjugate adsorption mechanism of the amine-ARHA adsorbent [31] 

 

Overall, the application of rice husk waste in wastewater treatment in Vietnam has 

emerged as a promising and sustainable solution to address water pollution challenges. However, 

further research and optimization of the activation processes are needed to enhance the efficiency 

and performance of rice husk as an adsorbent material. 
 

Application of rice husk waster in the supply water treatment system 

 

The application of rice husk waste in the supply water treatment system is a promising and 

innovative approach to improve water quality and ensure safe drinking water. Similar to the 

process of wastewater treatment, rice husk ash (RHA) is also used as an effective adsorbent in 

the supply water treatment system.  
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Tran N.T. and co-workers have proposed to treat fluoride 45 water wells used for drinking 

at three communes in Ninhhoa district, Khanhhoa province of Vietnam, using adsorbent based 

aluminum hydroxide coated rice husk ash [32]. RHA in this project was collected from the Hue 

province of Vietnam. RHA particles were porous, homogeneous, and had a mean size of about 

100 nm. Surprisingly, the creation of capillary networks was caused by the assembly of RHA 

particles. However, because Al(OH)3 was coated over RHA, it partially occluded the capillary 

networks, lowering RHA/Al(OH)3 surface area. Fig. 6 shows a TEM image of the morphology 

of RHA/Al(OH)3. 

 

 
 

Fig. 7. SEM images of RHA (a) and RHA/Al(OH)3 (b) [32] 

 

In this experiment, the authors collected ten well-water samples at the Ninhthuong 

commune for practical purposes. Fluoride concentrations in the samples ranged from 8.4 to 10.1 

mg L-1. The appropriate RHA/Al(OH)3 dose ranged from 1 g L-1 to 10 g L-1. To achieve adsorption 

equilibrium, the mixtures were agitated for 2 hours. Table 2 displays the acquired results. The 

results revealed that increasing the dose of RHA/Al(OH)3 from 4.0 g L-1 to 7.0 g L-1 reduces the 

remaining fluoride concentration below the WHO recommended range (0.5-1.5 mg L-1). 
 

Table 1. The elemental component and dimension of the rice husk [32]. 

 

Samples 

Dose of the 

adsorbent 

(g L-1) 

Fluoride concentration 

(mg L-1) 

Removal efficiency 

(%) 

1 1 3.48 65.5 

2 2 2.40 76.2 

3 3 1.72 83.0 

4 4 1.13 88.8 

5 5 0.76 92.5 

6 6 0.63 93.8 

7 7 0.57 94.4 

8 8 0.49 95.1 

9 9 0.45 95.5 

10 10 0.31 96.9 

 

Researchers in Vietnam have explored the use of rice husk-based media in filtration 

systems. By processing rice husk into AC, it can be employed in slow sand filtration or packed 

bed filters to remove impurities, including suspended solids, organic matter, and certain 

contaminants, resulting in improved water quality. Recently, Dao M.U. and co-workers have 
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successfully treated the floodwater in the Vietnamese Mekong Delta using a simple filter system 

based on silver nanoparticles coated onto AC derived from rice husk (AgNPs@AC) [33]. The 

overall scheme of floodwater treatment using AgNPs@AC was described in Fig. 8. 

 
 

Fig. 8. Overall scheme of floodwater treatment using AgNPs@AC [33] 

 

In particular, the initial water supply received from the Hau Giang River would be pre-

treated by the coagulation process before being dumped into the filtration column to remove 

suspended materials. The pre-treated floodwater was then routed from top to bottom via a filter 

column. To remove untreated suspended particulates while simultaneously lowering the vortex 

speed of the water flowing through the AC layer, a thin coating of quartz sand was added on top 

of the AgNPs@AC layer. It has been proved that floodwater treated by the suggested filter system 

can be used totally to meet basic human needs. Furthermore, with a processing capacity of 20 

liters per day, the filter column composed of a 10 mm thick AgNPs@AC layer could process 

continuously (Fig. 9). 

Even more importantly, the treatment of one cubic meter of floodwater using silver 

nanoparticles coated onto activated carbon derived from rice husk will only cost nearly 

0.17$ [33]. 

 
 

Fig. 9. The treatment capacity of the filter column based on AgNPs@AC [33] 
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This project's findings not only improved our understanding of activated carbon-coated 

nanoparticles' floodwater treatment capacity, but they also supplied useful information for water 

treatment plants along the Hau Giang River, aquatic ecosystem researchers, and public health 

researchers. 

 

Conclusions 

 

Overall, rice husk is no longer agricultural waste in Vietnam, it has become a useful raw 

material for manufacturing wastewater treatment materials, most typically activated carbon, and 

biochar. These naturally sourced materials have been utilized as effective adsorbents to treat a 

wide range of contaminants such as heavy metals, industrial dyes, and organic pollutants. 

Moreover, these adsorbents have been practically employed for flood and drinking water 

treatment purposes. 

Numerous attempts have been successful to improve the treatment efficacy of these 

adsorbents, such as the immobilization of metals and their compounds into the carbon matrix, 

thereby increasing the applicability of the husk-based carbon materials in water remediation. the 

utilization of rice husk waste contributes to reducing the reliance on conventional water treatment 

methods that may involve the use of chemicals or energy-intensive processes.  

This review is confined to the application of rice husk waster for water remediation 

specifically within the context of Vietnam. Therefore, a comprehensive review of the global 

application of “green” material is essential to better understand its potential in safeguarding the 

aquatic environment. 
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