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 This study used 30 cm long packed by 3 kg soil columns to explore the effects of peat, compost, 
and charcoal at 5% on the movement of fipronil (99.9 % purity) in clay loam soil and sandy clay 
loam soil. The soil columns were preconditioned with calcium chloride solution (0.01 M) before 
applying the pesticide and potassium iodide. Potassium iodide solution (0.2 M) was added at a 
rate of 10 mL as a water tracer and a quantity of fipronil solution (10 µg g-1soil) was applied on 
the soil surface of each column. Next, fipronil was leached from the soil columns with a calcium 
chloride solution (0.1 M) and the leachates were collected and analyzed. The results show that 
water tracer I- leached fast in soil columns. The breakthrough curve of fipronil appeared from 
leachates of soil columns after iodide for a while, indicating that fipronil is a moderate or lower 
mobile compound depending on type of soil and type of soil amendments. In general, adding soil 
amendments (peat, compost, and charcoal) to clay loam soil and sandy clay loam soil resulted in 
improved fipronil adsorption and decreased the amount of fipronil that leached into groundwater. 
This study is very useful for preserving groundwater from pollution, especially in the Middle 
East due to the lack of water sources. 
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1. Introduction  
 

     
     Leaching is the term used to describe the downward transport of pesticides in groundwater. Leaching of pesticides is 
governed by mass transfer and molecular diffusion principles. Pesticide leaching through the soil profile is what 
contaminates groundwater. The degree of leaching is influenced by soil characteristics, pesticide physicochemical 
properties, formulation types, irrigation method, and hydrogeological processes.1The porosity and density of the soil both 
affect how much water flows through it. These soil features also influence the soil's ability to retain water. Because water 
flow through soil's macro-pores actually controls the transport of pesticides, soil density, and porosity indirectly control 
movement of pesticides from top layer to deeper soil layers. Low organic matter, loam, and sand-content soils are more 
likely to leach pesticides because macro-pore flow predominates in these soil types under conditions of high 
precipitation.2,3The leaching is significantly decreased if pesticides are administered in dry weather or/and during light wet 
seasons because macro-pore flow is not produced in these types of weather. Leaching of pesticides has been discovered to 
be dependent on the formulation and how soluble the pesticide is in water.3Pollution of groundwater and surface water has 
been found to grow over the past few years as a result of ineffective pesticide management. Increased overland flow and 
pesticide leaching into the soil have also been brought on by rising precipitation and irrigation. Pesticide pollution of water, 
particularly in agricultural areas throughout nations, is on the rise, and a wide variety of pesticide amounts have been 
discovered. Pesticides and their degradation products migrate from the land surface via the unsaturated zone and into the 
groundwater along a variety of transport paths, which are extremely changeable in both space and time.3,4 

       One approach is to incorporate organic wastes, such as crop residues, aquatic weeds, animal and human waste, urban 
solid waste, sewage sludge, etc., into the soil. The technique is commonly employed in agricultural practice to raise the 
organic matter content of the soil since it reduces the mobility of pesticides in soil modified with organic matter, increases 
the degradation, and so reduces run-off to surface water resources. Additionally, it aids in reducing pesticide-related soil 
and water contamination.3,5The fact that organic wastes are produced from wastes derived from industrial, agricultural, and 
animal activities is one of most significant advantages of employing them as amendments from an environmental point of 
view. Due to their high content of organic matter, these wastes can be employed directly as organic amendments in 
farmlands. Furthermore, numerous studies have shown that these organic residues can act as pesticide adsorbents. Pesticides 
adsorb, desorb, run-off, and leach in different ways depending on the kind and composition of the organic matter residue 
added as an amendment. By examining these processes of adsorption-desorption, transport, and degradation, among others, 
in an amended-soil environment, one may establish the effectiveness of the amendment and the behavior of 
pesticides.3,6,7The physical properties of soil are improved by addition of organic amendments. Organic matter immediately 
improves soil properties like porosity, aggregation and structural stability, and soil's ability to retain water. The biological 
characteristics of the soil are also impacted by the organic amendments.3Following leaching tests in soil columns, it was 
discovered that unmodified soil quickly leached alachlor versus synthetic soil. Through packed columns, the leaching 
capacity of clothianidin in farmyard manure-amended clay loam soil, and sandy loam soil was investigated. It was 
discovered that in soils with higher levels of clay and organic matter, pesticides have a minimal chance of leaching. 
Farmyard manure can be utilized as an organic residue amendment since it was found to significantly reduce the amount of 
clothianidin that leached when it was used as a soil amending agent.3In general, it was discovered that adding organic 
residues to soil resulted in improved pesticide adsorption and decreased the amount of pesticides that leached into 
groundwater. 

       Fipronil is a foliar insecticide that can be sprayed on crops and soil, and it works well against a range of foliar 
insects.8,9Fipronil is highly soluble in organic solvents and has modest water solubility (1.9 mg L-1).9,10,11Fipronil can 
degrade through abiotic and biotic mechanisms in soil and water. Fipronilsulfone, amide, desulfinyl, and fipronilsulphide 
are breakdown products that are created through reduction, hydrolysis, photolysis, and oxidation, respectively when fipronil 
is present in soil or water. The biologically active insecticides fipronilsulphide, fipronilsulfone, and desulfinyl all work to 
control insect infestations.10Fipronil is transported and absorbed in soils in part by soil organic content, the soil/water ratio, 
and soil temperature.8,9Volatilization, leaching, surface runoff, biological degradation by microbes, photolysis, and 
adsorption are the main environmental decay mechanisms for fipronil.8,9,12As the amount of soil clay decreases, fipronil 
shows a considerable decrease in adsorption coefficient, increasing its bioavailability.8,9,13Fipronil's main route of entry into 
groundwater is through the soil profile, and its rate of movement through the soil matrix is influenced by both the physical 
and chemical properties of the soil and fipronil.14Fipronil's popularity has grown over the past few decades as a result of its 
broad spectrum and excellent efficacy.8,9However, because offipronil's high toxicity to some non-target creatures 
(earthworms), its environmental effects have long drawn significant attention.7,15,16Fipronil was said to have minimal 
mobility and little potential to move laterally or downward to contaminate surface and ground waters. However, according 
to certain accounts, fipronil is relatively mobile in soils.8,9,17 

      Higher levels of pesticide adsorption in soils can impact how they leach because adsorption reduces the amount of 
pesticides that are available in the soil solution. However, absolutely no information is available on the effect of soil 
amendments on the leaching behavior of fipronil in Egypt soils. Therefore, the present study reported the effect of peat, 
compost, and charcoal on the transport of fipronil in clay loam soil, and sandy clay loam soil of Northern Egypt. 
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2. Materials and Methods 

2.1. Fipronil 

      Technical-grade fipronil (99.9 % purity), solubility in water: 1.9 mg L-1, vapor pressure: 2.8 x 10-9 mmHg, Pow: 
4.0,molecular weight: 437.2 g mol-1, was obtained from Egypt-Chem Pesticides and Chemicals Co., New Nubaria City, 
Beheira Governorate, Egypt. 

2.2. Soils 

     Two soils from Alexandria Governorate, Egypt; clay loam soil (obtained from Agricultural Research Station, Abis), 
sandy clay loam soil (from different locations in Elamria region) were used in the study. The physical properties and 
chemical properties of tested soils showed in Tables 1 and 2.7,9,18 

Table 1.The soils' assessed for physical characteristics. 
Soil code 

Particle size distribution (%) 
Texture class Water holding capacity (mL/100g) 

Clay Silt Sand 
1 42 18 40 Clay loam 46 
2 20 13 67 Sandy clay loam 38 

Table 2.Chemical makeup of the examined soils. 
Chemical properties Clay loam soil Sandy clay loam soil 
EC (m mohs/cm) at 25˚C 1.32 5.03 
Soil pH 8.25 8.15 
Organic matter content (%) 3.31 1.54 
Total carbonate (%) 7.87 44.64 
Soluble cations conc. (meq/L): 

Ca⁺⁺ 3.8 18.7 
Mg⁺⁺ 5.0 8.8 
Na⁺ 9.4 22.5 
K⁺ 0.5 0.3 

Soluble anions conc. (meq/L): 
CO3ˉ ˉ 1.6 0.8 
HCO3ˉ 2.6 4.6 
Clˉ 8.5 21.0 
SO4ˉ ˉ 0.6 23.9 

2.3 Soil amendments 

      Three amendment substances were tested in the study. Charcoal was obtained from Department of Soil and Water 
Sciences. Peat and compost were obtained from Agricultural Research Station. Air-dried substances were ground and passed 
through a 5-mm sieve. The data are shown in Table 3 together with results of determination of organic carbon and organic 
matter contents. 

Table 3. Tested amendment substances and their organic matter content. 
Substance Organic carbon (%) Organic matter (%) 

Peat 0.90 1.54 
Compost 3.00 5.17 
Charcoal 3.10 5.34 

2.4. Transport study 

      The bench-scale soil columns were used to estimate transport potential of fipronil in soil and amended soil. The tested 
soil and amended soil with 5% of different amendments; peat, compost, and charcoal to obtain a rate of 1.25 kg m-2 were 
loaded into columns (about 30 cm high and 12 cm diameter PVC pipes). Each column was uniformly packed to a known 
bulk density by 3 kg soil.19A stainless steel plate with pores was supported by the bottom end cap. The columns were 
preconditioned before applying the pesticide and KI by saturation with 0.01 M CaCl2.9,20 Each column received 10 mL 0.2 
M KI solution as a water tracer. The quantity of each tested pesticide dissolved in a solvent was applied dropwise on soil 
surface of each column, consistent with 10 µg g-1 soil. Next, the CaCl2 solution was applied and the leachates (100 mL 
leachate) were collected (Fig. 1). The KI was determined in all leachate samples dependent on the Iodimetric method 
according to the reported methode.21Also, all leachates were analyzed to determine fipronil. 
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Fig. 1.Schematic diagram of transport of fipronil in soils 

3. Results 

     The effect of peat, compost, and charcoal on the transport behavior of fipronil in clay loam soil, and sandy clay loam 
soil was investigated using 30 cm long packed columns as the water percolation rate was slow in clay loam soil compared 
to sandy clay loam soil (Fig. 2).The most thorough examinations of the mobility of organic chemicals have taken place in 
tracer experiments, in which a mobile, non-adsorbing tracer, like chloride or bromide, has been added alongside a sorbing 
organic tracer whose adsorption to soil has been independently characterized by laboratory measurements. In similar, iodide 
has been used as a water tracer at a rate of 10 ml KI 0.1 M for each soil column. The results show that the water tracer I- 
leached fast in soil columns. The highest concentration of iodide could be detected in the first 1300, 2900, 1600, 1400, 100, 
3100, 1300, and 500 mL of leachates from clay loam soil, 5% pet amended clay loam soil, 5% compost amended clay loam 
soil,5% charcoal amended clay loam soil, Sandy clay loam soil, 5% pet amended sandy clay loam soil, 5% compost amended 
sandy clay loam soil and 5% charcoal amended sandy clay loam soil columns, respectively. Breakthrough curve of fipronil 
appeared from leachates of soil columns after iodide, indicating that fipronil is moderate or lower mobile compound 
depending on type of soil and type of soil amendments. Addition of 5% peat, 5% compost, and 5% charcoal to soil A 
reduced the downward movement of fipronil in the columns and affected the maximum concentration of fipronil in the 
leachates. The maximum concentration of iodide in soil columns did not affect by peat, compost, and charcoal, while the 
maximum concentration of fipronil was obtained after 17.8 and 34.2 L for clay loam soil, and sandy clay loam soil, 24.5 
and 10.5 L for 5% pet amended clay loam soil and 5% pet amended sandy clay loam soil, 10.7 and 2.1 L for 5% compost 
amended clay loam soil and 5% compost amended sandy clay loam soil, 2.3 and 12.7 L for 5% charcoal amended clay loam 
soil and 5% charcoal amended sandy clay loam soil of leachates cumulative volume (Fig. 2). Fig. 3 and Table 4 shows the 
cumulative percentage and volume of cumulative percolates of fipronil collected in the leachates unamended and amended 
soil columns. Both organic amendments (peat, compost, and charcoal) significantly increased the cumulative percentage of 
fipronil throughout the percolation compared to that of unamended soil. 
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Fig. 2.Breakthrough curves of fipronil and water tracer I- in unamended and amended soil columns 

 
    Also, 5% peat, 5% compost, and 5% charcoal amendment significantly reduced the cumulative percentage of fipronil 
compared to those in unamended soil in clay loam soil and sandy clay loam soil. After application of percolating volume, 
96.78, 98.62, 93.00 and 97.45%, of the applied fipronil were recovered in the leachates of clay loam soil, 5% peat amended 
clay loam soil, 5% compost amended clay loam soil and 5% charcoal amended clay loam soil,  respectively, whereas 97.93, 
97.44, 94.84 and 99.32% of the applied fipronil were recovered in the leachates of sandy clay loam soil, 5% peat amended 
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sandy clay loam soil, 5% compost amended sandy clay loam soil and 5% charcoal amended sandy clay loam soil, 
respectively. 

 

 
Fig. 3. Cumulative leachate curves of fipronil in unamended and amended soil columns 

 
Table 4. Percentage of cumulative leachates and volume of cumulative percolates from soil columns 

Columns Cumulative leachates (%) Cumulative percolates (L)  
Clayloam soil 96.78 58.2 

5% peat amended clayloam soil 98.62 48.2 
5% compost amended clayloam soil 93.00 28.9 
5% charcoal amended clayloam soil 97.45 50.9 

Sandy clay loam soil 97.93 58.2 
5% peat amended sandy clay loam soil 97.44 29.1 

5% compost amended sandy clay loam soil 94.84 35.1 
5% charcoal amended sandy clay loam soil 99.32 51.0 
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4. Discussion 

      The results showed that iodide is a nonreactive water tracer. The water tracer I- was leached fast and the breakthrough 
curves in unamended soil and 5% peat, 5% compost, and 5% charcoal amended soil columns are symmetrical. Also, Gaber 
et al, (1992) obtained a symmetrical breakthrough for water tracer bromide.22The rapid release of fipronil as well as I- from 
sandy clay loam soil columns compared to clay loam soil columns may be due to the soil type. Sandy soil containing more 
sand is more susceptible to the leaching of agricultural chemicals.23Generally, fipronil has a moderate Koc 
value.8,9,13,24,25After artificial rain was applied to the soil column for this study, fipronil demonstrated a good ability to hold 
onto soil particles. Prior research has shown that rising soil organic matter promotes pesticide sorption.1,2,13,18Clay loam soil 
showed a higher percentage of organic matter than sandy clay loam soil with 3.31% and 1.54%. Fipronil was able to retain 
its higher concentration in clay loam compared to sandy clay loam. The exchange capacity increases with content of organic 
matter. Soil with a higher cation exchange capacity and organic content may be able to bind to fipronil more readily while 
also lowering the likelihood of leaching. Moreover, fipronil has moderate water solubility.13,26,27Fipronil may therefore 
mildly leach from the treated soil. According to a study by Shuai et al. (2012), fipronil was desorbed from the treated soil 
by a leaching process or runoff caused by the simulation of artificial rain.10Fipronil lost 96% of its levels during the 
experiment, according to another study.13,28,29 This work confirms that chemical and biotechnological fields are very 
important in nature, and the applications of bioactive compounds are very useful as reported before.30-39 

5. Conclusions 

     Fipronil has a higher Koc value and lower water solubility. There was a significant difference for soils tested (clay loam 
and sandy clay loam) modified and unmodified. Thus, soil type and soil amendments (peat, compost, and charcoal) used in 
this study did affect transport process in soil columns. 

References 

1. Shamsan A. Q. S., Fouad M. R., Yacoob W. A. R. M., Abdul-Malik M. A., and Abdel-Raheem Sh. A. A. (2023) 
Performance of a variety of treatment processes to purify wastewater in the food industry. Curr. Chem. Lett., Accepted 
Manuscript (DOI: 10.5267/j.ccl.2022.11.003). 

2. El-Aswad A. F., Aly M. I., Fouad M. R., and Badawy M. E. (2019) Adsorption and thermodynamic parameters of 
chlorantraniliprole and dinotefuran on clay loam soil with difference in particle size and pH.J. Environ. Sci. Health B, 
54 (6) 475-488. 

3. Rasool S., Rasool T., and Gani K. M. (2022)A review of interactions of pesticides within various interfaces of intrinsic 
and organic residue amended soil environment. Adv. Chem. Eng., 100301. 

4. Hancock T. C., Sandstrom M. W., Vogel J. R., Webb R. M., Bayless E. R., andBarbash, J. E. (2008) Pesticide fate and 
transport throughout unsaturated zones in five agricultural settings, USA. J. Environ. Qual,37 (3) 1086-1100. 

5. Badawy M. E., El-Aswad A. F., Aly M. I., and Fouad M. R. (2017) Effect of different soil treatments on dissipation of 
chlorantraniliprole and dehydrogenase activity using experimental modeling design. Int. J. Adv. Res. Chem. Sci., 4 (12) 
7-23. 

6. El-Aswad A. F., Fouad M. R., Badawy M. E., and Aly M. I. (2022) Effect of Calcium Carbonate Content on 
PotentialPesticide Adsorption and Desorption in Calcareous Soil. Commun. Soil Sci. Plant Anal., Accepted Manuscript 
(DOI:10.1080/00103624.2022.2146131). 

7. Abd-Ella A. A., Metwally S. A., Abdul-Malik M. A., El-Ossaily Y. A., AbdElrazek F. M., Aref S. A., Naffea Y. A., and 
Abdel-Raheem Sh. A. A. (2022) A review on recent advances for the synthesis of bioactive pyrazolinone and 
pyrazolidinedione derivatives. Curr. Chem. Lett., 11 (2) 157-172. 

8. Fouad M. R. (2022a) Validation of adsorption-desorption kinetic models for fipronil and thiamethoxam agrichemicalson 
three soils in Egypt. Egypt. J. Chem., Accepted Manuscript (DOI: 10.21608/EJCHEM.2022.143450.6289). 

9. Fouad M. R. (2023) Physical characteristics and Freundlich model of adsorption and desorption isotherm for fipronil in 
six types of Egyptian soil. Curr. Chem. Lett., 12 (1) 207-216. 

10. Shuai X., Chen J., and Ray C. (2012) Adsorption, transport and degradation of fiproniltermiticide in three Hawaii soils. 
Pest Manag. Sci.,68(5) 731-739. 

11. Elhady O. M., Mansour E. S., Elwassimy M. M., Zawam S. A., Drar A. M., and Abdel-Raheem Sh. A. A. (2022) 
Selective synthesis, characterization, and toxicological activity screening of some furan compounds as pesticidal agents. 
Curr. Chem. Lett., 11 (3) 285-290. 

12. Zhang Y., Wang M., Tan Y. J., Liu Y. P., Fu-cong Z., Yang Y., and Zhu C. H. (2013) Leaching patterns of fipronil in 
3 kinds of soil in Hainan province, China. Afr. J. Agric. Res.,8 (17) 1725-1730. 

13. Rashid M. F. M., Ramli S. M., and AbMajid A. H. (2018) Leaching of Termiticides Containing Bifenthrin, Fipronil and 
Imidacloprid in Different Types of Soils under Laboratory Conditions. Malaysian J. Soil Sci.,22, 77-92. 

14. Doran G., Eberbach P., and Helliwell S. (2008)The mobility of thiobencarb and fipronil in two flooded rice-growing 
soils. J. Environ. Sci. HealthB,43(6) 490-497. 

15. Fouad M. R., Shamsan A. Q. S., and Abdel-Raheem Sh. A. A. (2023) Toxicity of atrazine and metribuzin herbicides on 
earthworms (Aporrectodea caliginosa) by filter paper contact and soil mixing techniques.Curr. Chem. Lett., 12 (1) 185–
192. 



 288

16. Lin S., Zhang L., Zhang P., Huang R., Khan M. M., Fahad S., and Zhang Z. (2022) Effects of glycosylation on the 
accumulation and transport of fipronil in earthworm (Eiseniafeotida). 

17. Singh A., Srivastava A., and Srivastava P. C. (2016) Sorption–desorption of fipronil in some soils, as influenced by 
ionic strength, pH and temperature. Pest Manag. Sci.,72(8), 1491-1499. 

18. Kaid M., Ali A. E., Shamsan A. Q. S., Salem W. M., Younes S. M., Abdel-Raheem Sh. A. A., and Abdul-Malik M. A. 
(2022) Efficiency of maturation oxidation ponds as a post-treatment technique of wastewater. Curr. Chem. Lett., 11 (4) 
415-422. 

19. Weber J. B., Swain L. R., Strek H., andSartori J. (1986) Herbicide mobility in soil leaching columns. Research methods 
in weed science,3, 189-200. 

20. Thanos D., andManiatis T. (1995) Virus induction of human IFNβ gene expression requires the assembly of an 
enhanceosome. Cell, 83 (7) 1091-1100. 

21. Mendham J., Denney R., Barnes J., Thomas M., Denney R., and Thomas M. (2000) Vogel's Quantitative Chemical 
Analysis. Prentice Hall, New York. 71, 65-70. 

22. Gaber H.,Inskeep W., Comfort S., and El-Attar H. (1992) A test of the local equilibrium assumption for adsorption and 
transport of picloram. Soil Sci. Soc. Am. J.,56 (5) 1392-1400. 

23. Perry D. G., Kusel S. J., and Perry L. C. (1988) Victims of peer aggression. Dev. Psychol., 24 (6) 807-814. 
24. Ying G.G., and KookanaR.S. (2001) Sorption of fipronil and its metabolites on soils from South Australia. J. Environ. 

Sci. HealthB, 36 (5) 545–558. 
25. Spomer N. A., and Kamble S. T.(2010) Sorption and desorption of fipronil in midwestern soils. Bull. Environ. 

Contam.,84 (2) 264–268. 
26. Zhu G., Wu H., Guo J., and Kimaro F. M. (2004) Microbial degradation of fipronil in clay loam soil. Water Air Soil 

Pollut., 153 (1) 35-44. 
27. Kamble S. T., and Saran R. K. (2005) Effect of concentration on the adsorption of three termiticides in soil. Bull. 

Environ. Contam. Toxicol., 75 (6). 
28. Horwood M. A. (2007) Rapid degradation of termiticides under field conditions. Aust. J. Entomol.,46 (1) 75–78. 
29. Mohamed S. K., Mague J. T., Akkurt M., Alfayomy A. M., Abou Seri S. M., Abdel-Raheem Sh. A. A., and Abdul-

Malik M. A. (2022) Crystal structure and Hirshfeld surface analysis of ethyl (3E)-5-(4-chlorophenyl)-3-{[(4-
chlorophenyl)formamido]imino}-7-methyl-2H,3H,5H-[1,3]thiazolo[3,2-a]pyrimidine-6-carboxylate. Acta Cryst., 78 
(8) 846-850. 

30. Baranowski M., Dyksik M., and Płochock P. (2022) 2D Metal Halide Perovskites: A New Fascinating Playground for 
Exciton Fine Structure Investigation. Sci. Rad., 1 3-25. 

31. Żmigrodzka M., Sadowski M., Kras J., Dresler E., Demchuk O. M., and Kula K. (2022) Polar [3+2] cycloaddition 
between N-methyl azomethine ylide and trans-3,3,3-trichloro-1-nitroprop-1-ene. Sci. Rad., 1 26-35. 

32. Szymańska U. A., Kurzyna M., Segiet-Święcicka A., Kułak P., and Kosio D. A. (2022) Real-life trends of anticoagulant 
prescribing practices for pulmonary embolism – results of a single-center study based on the experience of a multi-
profile clinical hospital. Sci. Rad., 1 36-45. 

33. Siadati S. A., and Rezazadeh S. (2022) The extraordinary gravity of three atom 4π-components and 1,3-dienes to C20-

nXn fullerenes; a new gate to the future of Nano technology. Sci. Rad., 1 46-68. 
34. Zawadzińska K., Gaurav G. K., and Jasiński R. (2022) Preparation of conjugated nitroalkenes: short review. Sci. Rad., 

1 69-83. 
35. Sadowskia M., Utnickaa J., Wójtowicza A., and Kulaa K. (2023) The global and local Reactivity of C,N-diarylnitryle 

imines in [3+2] cycloaddition processes with 
trans-β-nitrostyrene according to Molecular Electron Density Theory: A computational study. Curr. Chem. Lett., 
Accepted Manuscript (DOI: 10.5267/j.ccl.2022.11.004). 

36. Siadati S. A. (2015) An example of a stepwise mechanism for the catalyst-free 1,3-dipolar cycloaddition between a 
nitrile oxide and an electron rich alkene. Tetrahedron Lett., 56 (34) 4857-4863. 

37. Dadras A., Rezvanfar M. A., Beheshti A., Naeimi S. S., and Siadati S. A. (2022) An Urgent Industrial Scheme both for 
Total Synthesis, and for Pharmaceutical Analytical Analysis of Umifenovir as an Anti-Viral API for Treatment of 
COVID-19. Comb. Chem. High Throughput Screen., 25 (5) 838-846. 

38. Beheshti A., Payab M., Seyyed-Ali-Karbasi V., and Siadati S. (2022) An unexpected aerobic oxidation of α-amino 
boronic acid part of Borteomib, leading to (thermal) decomposition of this very expensive anti-cancer API. Curr. Chem. 
Lett., 11 (2) 227-236. 

39. Siadati S. A., and Rezazadeh S. (2018) Switching behavior of an actuator containing germanium, silicon-decorated and 
normal C20 fullerene. Chem. Rev. Lett., 1 (2) 77-81. 

  
 

 

© 2023 by the authors; licensee Growing Science, Canada. This is an open access 
article distributed under the terms and conditions of the Creative Commons Attribution 
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


