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A B S T R A C T 

Fenoxaprop-ethyl Herbicide is a postemergence herbicide that is used in soil for the control of pests and wheat. Unfortunately, it is also notable to cause 

alarming risks to humans, animals, and plant life. Nevertheless, the application of biochar additions to soil could promote the decline of chemical 

contaminants in the soil ecosystem. In this review, fenoxaprop-ethyl toxicity, with the use of soils and biochar, were evaluated. It was concluded that the 

utilization of the amendment of biochar on heavy metals in soil can be beneficial as a remedy in farming procedures since it can be a useful method for the 

improvement of the quality of agricultural productivity. It could be a valuable technique for improving soil quality and environmental sustainability. 
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1. Introduction 

Epa indicated that the herbicide, Fenoxaprop-ethyl, is a postemergence herbicide used to reduce pests, even weeds, in farms [1]. Fenoxaprop-ethyl (Figure 

1) is a member of a herbicide family called APP or aryloxyphenoxypropionate, which inhibits a key enzyme, ACCase or acetyl co-enzyme A carboxylase, 

that is involved in the biosynthesis of fatty acids [2]. It works by inhibiting the ACCase in the plant chloroplast, through interfering with fatty acid 

production, it exerts an effect, specifically herbicidal, on the weeds. Herbicides, similar to pesticides used in farms, can be transfigured via a physical, 

chemical or biological process. In various types of soil, fenoxaprop-ethyl can be influenced by their fate and toxicity. Fenoxaprop-ethyl has been reported 

to be converted by soil, even plants, into fenoxaprop acid (Figure 2), an active herbicide that shows a much stronger activity on ACCase [3]. Both 

fenoxaprop-ethyl and fenoxaprop acid are reported and regarded as developmental and reproductive toxins which by most are highly toxic to humans, 

animals, and plant life [2]. In relation to this, once their residues are exposed to consumables and crops, concerns of pesticide or herbicide exposure to 

food and water may bring a catastrophic outcome to the ecosystem [2,3]. 

 

 

 

 

 

 

 

 

Figure 1. Chemical Structure of Fenoxaprop-ethyl 
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Figure 2. Chemical Structure of Fenoxaprop 

Biochar, commonly known as black carbon, has gained attention as a sustainable product, an amendment utilized to increase soil quality, reducing the 

need for fertilizer and carbon emissions [4]. Using an amendment of soil, such as biochar, may change soil properties, both physical and chemical, and 

may also modify the microbial abundance of soil, activity, and structure [5]. Farmers have changed to more sustainable conservation tillage practices and 

adopted herbicide-tolerant varieties of crops, which has boosted global herbicide usage. However, they may pose a potential threat and raise risks to the 

soil environment due to their various chemical classes with distinctive modes of herbicidal action [6]. To address this, utilizing biochar may significantly 

decrease the environmental risk behaviors of herbicides, such as fenoxaprop-p-ethyl, in soil. Studies have shown that biochar may potentially accelerate 

microbial activity, which will also accelerate the biodegradation of soil, and, upon adding biochar to soil, the retention process of the herbicide can be 

potentiated more efficiently, which can contribute to the reduction of contaminants, particularly chemical contaminants, to the soil ecosystem [7,8]. The 

utilization of earthworms in evaluating the toxicity of a herbicide can greatly contribute to the agricultural ecosystems as it is a crucial constituent of soil 

fauna. [9]. Earthworms are an essential bioindicator organism in soil ecotoxicological research investigations [10]. It serves as a primary food supply for 

numerous wildlife such as reptiles and mammals. Some researchers evaluated the impact of the longevity of earthworms with the addition of biochar [10]. 

However, the evaluation of the effects of biochar amendment combined with herbicides, such as fenoxaprop-ethyl, have little to no studies published. This 

study aims to review the toxicity of fenoxaprop-ethyl herbicide using biochar amendments. Assessing the potential effects utilizing biochar on herbicides 

is vital for the soil ecosystem as well as protecting the health and quality of life. 

2. Methodology    

This article review makes use of retrieved research and peer-reviewed papers from several journal databases like Google Scholar, ResearchGate, 

SpringerOpen, NCBI, and Pubmed. For the methodology, the search started on April 14, 2022, which has a direct focus on the following, (1) Materials (2) 

Experiments involved and (3) Extraction 

2.1. Materials 

Biochar 

In an oxygen-limited condition, biochar is formed by the thermal breakdown of materials [11]. It is compatible for multiple uses because of biochar’s 

distinct properties. Biochar offers various advantages, including ease of preparation, environmental friendliness, reusability, and low cost [11,12]. Biochar 

is a soil treatment that can enhance agriculture production and sustainability. It is created by pyrolyzing organic molecules at extreme temps in an 

atmosphere where there is an absence of oxygen [13,14]. Soil's properties have a direct impact on crop production productivity [15]. Biochar application 

has been shown in studies to boost crop production by improving its qualities. Biochar was shown to enhance soil structure [16], stability and permeability 

[13, 16], liquid capacities and nutrient cycling, strength properties and penetration tolerance, soil infiltration, and erosion [13]. It is notably more durable 

among other amendments and even improves nutrition in ways other than fertilizer. Biochar has also been found in studies to improve soil nutrient 

content, exchangeable cations, nutrient utilization efficiency, nutrient retention capacity, and decrease soil acidity [17]. 

 

Fenoxaprop-ethyl Herbicide 

Fenoxaprop-ethyl is a member of a herbicide family called APP or aryloxyphenoxypropionate, which inhibits a key enzyme, ACCase or acetyl co-enzyme 

A carboxylase, that is involved in the biosynthesis of fatty acids [18]. It works by inhibiting the ACCase in the plant chloroplast, through interfering with 

fatty acid production, it exerts an effect, specifically herbicidal, on the weeds. Herbicides, similar to pesticides used in farms, can be converted via a 

physical, chemical or biological process.  

 

Earthworms 

Several studies have found that Earthworms in the soil can act as a biological vector for enzyme adsorption on biochar. [19]. Earthworms find the energy, 

nutritional supplies, water, and buffered climatic conditions they require in soil. Earthworms are classified into functional categories based on the food 

they eat and the basic environmental circumstances in which they inhabit. Morphology, distribution in the soil profile, capacity to dig galleries and make 

surface casts, and connections with soil microorganisms are some of the primary differences between these functional groups. [20]. Biological methods 

aimed at recovering degraded soils, earthworm utilization, and goods resulting from its activities (vermicompost) have developed as a potential 

environmentally friendly method [21]. 
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2.2. Experiments Involved 

Addition of Biochar to Pyrene and its Bioavailability and Toxicity in Soils 

The toxicity of polycyclic aromatic hydrocarbons (PAH) and the effects of pyrene (PAH) on soil treated with biochar, compost, or both were studied to 

give a dependent variable. The influence on nematode reproductive rates was used as an endpoint. Caenorhabditis elegans, a soil microfauna that is the 

nematode, was used as a model organism. [22]. In soil ecosystems, nematodes are the most numerous and diverse metazoans, and they play important 

roles in soil food webs. Nutrient cycling is greatly influenced by webs [23]. The primary goal of this experiment was to provide data on the efficiency of 

biochar/compost to be a remedy at minimum to maximum pyrene hazardous levels., as well as comparing nematode rates of reproduction and 

biochar/compost efficacy [24]. Furthermore, the secondary harmful impacts of biochar and compost due to its characteristics, as well as the probable 

presence of toxic compounds and heavy metals in compost, were investigated using controls, which were contaminant-free soils altered with these 

materials [25].  

 

Dose for the Biochar 

Biochar dose is determined upon using the chemical hapten, Hapten-1,4-2-[4-(6-Chloro-benzooxazol2-yloxy)-phenoxy]-propionylamino-3-fluoro-benzoic 

Acid. K-13209 in 1,4-dioxane combined with LiOHH2O in water will be placed in a cooled solution. The mixture will be stirred at room temperature for 6 

hours. The mixture will be separated with dichloromethane when the pH is adjusted to 2. The organic phase will be dried over anhydrous sodium. The 

sulfate will then evaporate under low pressure, and the remnant will be refined in dichloromethane utilizing silica gel chromatography and an ethyl 

acetate/n-hexane solution as an eluent [26]. 

 

Degradation 

Experiments involving degradation were utilized in analyzing soil and biochar. For the degradation experiments, the collected sample was first reduced to 

30%. In a study, scientists have gathered multiple samples for the control and about half of a thousand grams of soil were only utilized, hence the dosage 

of biochar was fixed in accordance to the weight of biochar and of the soil [27]. The biochar application dosage corresponds to levels used in other biochar 

remediation experiments [28]. There are a total of 2 treatments that will be utilized for the experiment and both of them were exposed to fenoxaprop-ethyl 

with a dosage of 10 micrograms g−1 that is yield when mixing 1 ml of 5000 micrograms ml−1 solution of fenoxaprop-ethyl acetone [27]. 

 

Acute Toxicity 

Acute Toxicity of materials were conducted on earthworms, which were the subject for the test, and were tested for possible results of fenoxaprop-ethyl 

from biochar-amended soil on toxicity [27]. Quantifying an active ingredient in the samples is important for a bioanalytical technique development 

program. Moreover, UHPLC's sensitivity and selectivity at the very minimum detecting range will lead to accurate, consistent data that may be used for 

several purposes, including pharmacokinetics, toxicology, and bioequivalence investigations [29]. Sample preparation strategies have grown in importance 

in bioanalytical methodologies. ULPC- tandem mass spectrometer has a very important part in bioanalytical experiments and cell biology [30]. 

 

Following the guidelines set by the OECD on testing chemicals, earthworms may be exposed to soil containing fenoxaprop-ethyl for fourteen days to have 

optimal results. It is recorded that the maximum concentration for exposure is 1000 micrograms g−1 [27]. Pretest studies indicated that exposure doses of 

fenoxaprop-ethyl-containing soil are set at 125, 250 and 500 micrograms g−1. Treatment to exposure may conceive four duplications, with an addition of 

earthworms and contaminated soil in one liter glass beaker. There were also solvent control groups. At 20 ± 2°C. Breakable beakers were placed in a 

lighted incubator with non stop lighting. On the fourteenth day, mortality was reported upon exposure to the herbicide. The front end's reaction to 

mechanical stimulation was used to determine death. Presence or absence of biochar were tested out on soil for acute toxicity bioassays. To thoroughly 

examine and analyze the effects of fenoxaprop-ethyl on earthworms upon the addition of biochar, biochar amendment will be modified on appropriate 

concentrations [27]. 

2.3. Extraction 

Analysis of HPLC-MS/MS (High Performance Liquid Chromatography Mass Spectrometry) 

The researchers used HPLC-MS/MS analysis in the sample collection of Fenoxaprop and Fenoxaprop-ethyl analyses [27]. HPLC-MS/MS and HPLC-

fluorescence were done using Agilent Technologies 6410 and 1200 Series high-performance liquid chromatography systems. equipment to perform 

precise and simple analysis of the targeted chemicals. [31]. Upon performing the analysis, a gram of earth dirt was deposited by a 4 ml ethyl acetate in a 

15-ml polypropylene centrifuge tube. The earth dirt was mixed thoroughly for 10 minutes before being centrifuged at 3500 rpm for 3 minutes. After 

repeating the extraction with 4 mL of ethyl acetate, the supernatant was collected and dried with a nitrogen stream. [27]. 

 

In addition, An Agilent Eclipse XDB-C18 column with a Thermo Scientific TSQ Quantum Access Max was used for Fenoxaprop-ethyl and Fenoxaprop 

HPLC-MS/MS analysis. Smaller particle column separations improve efficiency per unit time;however efficiency cannot be improved at greater mobile 

phase flow rates or linear velocities [32]. Moreover, the detector on the mass spectrometer was configured to ESI. Equipped with ion sweep gas pressure 

along with sheath gas pressure (0,15,35 arb) and auxiliary gas pressure with a spray voltage (2500 V). with a temperature of 200 and 300 celsius by the 

vaporizer and capillary, along with recoveries for fenoxaprop-ethyl and fenoxaprop 0.1,1, and 10 g was in between of 85%:102% with the control soil and 

83%:106% in the biochar amended soil [27]. This equation (Ct = A1 + A2ekt) was utilized [27,32]. 
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UHPLC (Ultra-high performance liquid chromatography) 

UHPLC (ultra-high performance liquid chromatography) is a kind of liquid chromatography which separates columns with particles smaller than 2.5–5 m 

in size and it is often a technique being used in high-performance liquid chromatography (HPLC) [33]. This technology is now an established, common 

method that offers significant advantages on the basis of separation, efficiency and speed. UHPLC apparatus and stationary phases are now widely 

accessible from a variety of suppliers. Every major LC manufacturer offers one or more systems that provide the user a diverse range of instrumental 

equipment that may be sensibly chosen depending on the demands of the laboratory [33, 34]. The capacity to do ultra-fast and/or high-resolution 

separations while using columns filled with sub-2-m particles and chromatographic systems which can endure pressures of up to 1400 bar is referred to as 

UHPLC and it is one of its major benefits [35]. 

3. Results & Discussion 

3.1. Herbicide in controlled soil 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Mechanisms of biochar for immobilization of heavy metals and organic pollutants [36]. 

Biochar is produced by subjecting agricultural wastes like rice hull, corn cobs and coconut husk to high temperatures with minimal oxygen [37]. A 

remarkable climate change mitigation technology offers new possibilities for impoverished rural communities that can use it to create marketable products 

for green energy and other environmental products and services [38]. In an effort to improve soil fertility, some farmers and gardeners have used 

cellulose-rich materials created by slow pyrolysis as an amendment to provide nutrients to their crops. It is also thought to improve the retention of 

fenoxaprop-ethyl, an insecticide with high mammalian toxicity, thus, reducing its likelihood of harming earthworms [39]. 

 

Biochar might help minimize herbicide toxicity, according to the data. Two compounds, such as wheat grain and stem, were unidentifiable in the soil in 

the investigation, demonstrating that the correct amount of fenoxaprop-P-ethyl can be utilized securely into wheat crops and delivery [39]. The dispersion 

dynamics of fenoxaprop-p-ethyl as well as its metabolite, fenoxaprop acid, were studied at two treatment levels for two seasons in wheat fields to assess 

the technique's sensitivity, precision, repeatability, and linearity [40]. Fenoxaprop-p-ethyl is a harmless substance to use and will not affect the 

environment. Under field circumstances, humans and animals eat both parent as well as metabolite residues below the European Union limiting residue 

value. [41]. 

 

In experimenting, the first to be identified is the outcome of Fenoxaprop-ethyl throughout the control soil. The decomposition of the Fenoxaprop-ethyl has 

a 0.5-day half-life [27]. Moreover, Fenoxaprop-ethyl was reduced by more than 90% after two days [27]. 35 days after the Fenoxaprop-ethyl was applied, 

the toxic effects of the chemical had all but dissipated [27]. Furthermore, the Fenoxaprop concentration initially increased, peaking during the 12th hour 

[27]. After that, the Fenoxaprop’s concentration gradually decreased. Lastly, Fenoxaprop had a half-life of approximately 56.9 days in control soil, which 

was much more prolonged than fenoxaprop-ethyl (half-life of 0.5 days) [11]. As configured, upon that 35th day, substantial fenoxaprop deposits visible in 

the control soil are significantly high [27]. 

3.2. Herbicides in biochar-amended soil. 

The next to be identified is the outcome of fenoxaprop-ethyl inside of the biochar-amended soil. Moreover, fenoxaprop-ethyl also decomposes rapidly in 

biochar-amended soil. In comparison, in biochar-amended soil, the half-life of fenoxaprop-ethyl was substantially longer than in control soil. [27]. Soils 

treated with biochar and control soils, 90 percent degradation took 2 and 17 days, respectively [27]. Compared to the control soil, biochar application 

considerably enhanced fenoxaprop-ethyl residues [27]. On the 35th day, it was ten times greater than the control dirt [27]. In other words, biochar 

increases the fenoxaprop-ethyl residue risk within the soil. 

 

Based on the biochar-amended soil, the metabolite fenoxaprop first raised, then declined. Fenoxaprop levels peaked in the control soil at 12 hours. 

Biochar, on the other, significantly reduced fenoxaprop residues in the soil [27]. The maximum residue shows a decrease of over 33% [27]. Due to 

biochar's limited absorption of fenoxaprop and favorable effects on microorganisms, remarkable results were shown. The amount of biochar in the 

modified soil was much lower than in the control soil [27]. Furthermore, the soils with and without biochar can be examined to determine whether 
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different forms of bacteria are present. Biochar aided the fenoxaprop degrading bacteria in the soil and altered the biodegradation pathway in the study 

[27]. Upon that 35th day, biochar considerably reduced the amount of fenoxaprop in the soil. More than 85% of the reduction was achieved. Thus, biochar 

may help mitigate the risk of fenoxaprop contamination in soil [27,43]. 

 

These findings suggest that biochar might be utilized to mitigate the detrimental effects of xenobiotic compounds on soil earthworms. Thus, in the soil that 

is treated with biochar made from local plants and leaves, earthworms showed a higher survival rate than the control group. This is because the biochar 

has no or low toxicity to earthworms [39]. In addition, earthworms benefit from the use of biodegradable organic remains such as manure and crop litter 

[44]. Biochar produced by pyrolysis, which is a carbon - containing byproduct, is becoming increasingly popular in temperate agricultural soils. A team of 

researchers went to a dairy farm on Quebec's St. Francis River watershed to conduct their study. Earthworm populations in soils amended with biochar 

were examined [45]. Comparing earthworm quantity and biomass in areas with and without wood-based biochar prompts us to assume that in this cold, 

humid temperate climate, earthworm populations in biochar-amended soils remain stable [46]. 

3.3. Experiment on Acute Toxicity with Earthworms 

When exposed at specific concentrations, fenoxaprop-ethyl can be toxic to earthworms. In the study, earthworms were exposed to varying levels of 

fenoxaprop-ethyl, and their survival rates were monitored [27]. The earthworms in the solvent control group survived, while all of those in the test group 

died. In contrast, at specific concentrations, all of the experimental group earthworms died within 14 days [27]. In accordance with these findings, few 

deaths were observed in the solvent-treated control soil. This result suggests that biochar toxicity may be limited, similar to previous studies [47]. Biochar 

absorbed fenoxaprop-ethyl and reduced toxicity to earthworms, suggesting that biochar lowers the bioavailability of herbicide in soils; therefore, biochar 

does not generate perilous risk of toxicity towards organisms in soil environments. Building from these facts, the researchers concluded that biochar could 

certainly reduce the toxicity of pesticides to earthworms [47]. However, more research is needed to understand this phenomenon better and its 

implications for soil conservation [48]. 

4. Conclusion 

Biochar amendment of soil can decelerate the dissipation of fenoxaprop-ethyl, and it apparently takes 1.2 days for half of the fenoxaprop-ethyl applied to 

the biochar treated soil to be completely discharged. The amount of metabolite fenoxaprop formed in the biochar-amended soil is less likely to be lower in 

comparison with the control soil (maximum value of 3.865 μg g−1 against 5.787 μg g−1). Moreover, the dispersion of the metabolite fenoxaprop was 

quicker in the biochar-amended soil with a record of 1 and a half days standing duration than in the control soil with a record of approximately 57 days. 

The microorganism, together with the biochar present in soil can cause reduced toxicity for earthworms compared with control biochar-amended soils, the 

biochar amendment reduced toxicity to approximately 323 micrograms g−1 and above a thousand micrograms g−1. These angleworms, another term for 

earthworms, can surely live longer in amended soils with biochar than in regular soils, producing more biomass and enzymes as recorded. Biochar, 

therefore, can help reduce the impact of pesticides on the environment by removing heavy metals from contaminated soil. It may even be used as a natural 

fertilizer for farmlands. It could be a valuable technique for improving soil quality and a great addition to farmers' strategies.  
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