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Abstract 
This study was conducted to determine the presence of pesticide residues, specifically 
(Imidacloprid, Aldicarb, metalaxyl, cypermethrin, chlorpyrifos, DDA, and Endrin) in peach samples 
collected from various regions in eastern Libya, including (Qarnadah, Iqafnata, Abdul Wahid, Qasr 

Libya, and Al-Marj). The analytical methodology employed a (UV-Vis) spectrophotometer in 
conjunction with the Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) extraction 
technique for the estimation of pesticide concentrations in the peach specimens. The quantitative 
detection limits of the (UV-Vis) spectrophotometer for standard pesticide solutions were determined 
as follows: cypermethrin (0.52, 1.58 µg/ml), chlorpyrifos (0.53, 1.61 µg/ml), Imidacloprid (0.64, 
1.95 µg/ml), metalaxyl (0.27, 8.32 µg/ml), Aldicarb (0.90, 2.73 µg/ml), DDA (3.50, 10.62 µg/ml), 
and Endrin (1.89, 5.73 µg/ml). The findings revealed detectable residues of (cypermethrin and 
Imidacloprid) exclusively in samples from the Al-Marj region, according to the instrument's limit of 
detection (LOD). The detected concentrations were below the maximum residue limits established 
by the European Union (0.860 µg/ml).  
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Introduction 
Peach (Prunus persica), a member of the large plant family Rosaceae, is one of the most popular stone 

fruits worldwide. Peaches are nutritious and delicious summer fruits grown in temperate zones ranging 

from 30° to 45° latitude in both hemispheres [1]. In 2022, China was the biggest producer of peaches, with 

a production volume of 16.8 million metric tons, accounting for 63.7% of global production. Four 

Mediterranean countries (Italy, Turkey, Greece, and Spain) contribute about 15% to world production. 

Other top-producing countries were the United States (2.5%), Iran (2.2%), Chile (1.2%), Egypt (1.0%), and 
Morocco (0.9%). Turkey was the third-largest producer, with more than 1 million metric tons in 2022.   

Peaches are a rich source of health-promoting bioactive compounds such as flavonoids (flavan-3-ols, 

anthocyanins), phenolic compounds (hydroxycinnamic acids), and carotenoids (lutein, zeaxanthin, and 

beta-cryptoxanthin). These chemicals operate as free radical scavengers, supporting healthy aging and 

reducing the risk of numerous diseases [2-3]. Brown rot (Monilinia fructicola, Monilinia laxa), peach leaf 
curl (Taphrina deformans), powdery mildew (Sphaerotheca pannosa), peach scab (Cladosporium 

carpophilum), shot hole (Wilsonomyces carpophilus), and bacterial spot (Xanthomonas spp.) are among 

the most frequent diseases that affect peaches and nectarines [4]. There are also many insect pests (mites, 

aphids, thrips, and leafhoppers) that affect peach production in Turkey. Some of the most common of 

these are European red mites (Panonychus ulmi), brown mites (Bryobia rubrioculus), webspinning spider 

mites (Tetranychus urticae), black peach aphid (Brachycaudus persicae), Western flower thrips 
(Frankliniella occidentalis), peachtree borer (Synanthedon exitiosa), and Mediterranean fruit fly (Ceratitis 

capitata). Pest infestations pose a significant threat to agricultural productivity, leading to substantial 

losses in crop yields. According to the FAO, plant pests and diseases are responsible for a reduction of 

approximately 20–40% in global crop yields annually. These diseases and pests affecting stone fruits can 

be managed efficiently by employing a combination of sanitation, resistance, culture, and pesticide 
treatments. This comprehensive disease management method reduces dependence on a single type of 

control and typically leads to a high yield of top-quality fruit. Pesticides include insecticides for controlling 

a wide range of insects, fungicides for preventing mold and mildew growth, disinfectants for preventing 

bacterial transmission, herbicides for killing weeds and other undesired plants, and chemicals for 

controlling mice and rats. These plant protection products play a crucial role in plant health and food 

security. The primary goal of the current study was to determine the presence and concentration of multi-
class residues in peaches. To achieve this, the quick, easy, cheap, effective, robust, and safe (QuEChERS) 

method is used. Several studies have been conducted in the Green Mountain region to estimate pesticide 

residues in locally produced vegetables and fruits. The results of these studies revealed the presence of 

various pesticide residues in several tested samples, indicating a potential risk to consumers' health due 

to the consumption of agricultural products containing pesticide traces [5-7]. In the last ten years the 
environmental studies take places in many studies for determination heavy metals in different samples [8-

42], GC mass method is one of the most important methods used for determine pesticide and other 
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aromatic compounds [43-51], many of studies on the treatment of pollutants were suggested [52-58], The 
contents of radioactive elements and their contamination effects were studied [59-62], also the studies on 

estimation the constituents in plant samples were carried out [63-99].In this study, the residual of one of 

the most dangerous compounds (pesticides)  was estimated in some peach samples collected from farms 

around Al-Gabal Akhder region (Libya).          

                                                                                                                                                                                                                           

Methods 
Sample Collection Areas  

Samples were collected from different peach farms at various regions of (Qarnadah, Iqafnata, Abdul 

Wahid, Qasr Libya, and Al-Marj - Jabal al Akhdar – Libya), (Figure 1). 

 
Figure 1. Study Locations 

 
Peach Sample Collection  

Six different species of peach fruits were collected during August and early September [2024]. Five 

hundred grams were collected from each sample. The region name and date of sample collection were 

recorded. The samples were transported in a cooled container directly to the laboratory. The collected 

samples were stored in a refrigerator at a temperature of 4°C until analysis (Hunt and Wilson, 1986; 
APHA, 1995. Seven standard pesticides were used: Imidacloprid, Aldicarb, Metalaxll, cypermethrin, 

chlorpyrifos, DDA, and Endrin). The purity of the standard pesticides was 99% (Augsburg, Germany). 

 

Chemicals Used  

Acetonitrile 99.9%, primary secondary amine, anhydrous sodium sulfate 90%, and sodium chloride 90%. 

 
Pesticide Selection 

Most of the commonly used pesticides, as well as those banned globally, were used in this study. This 

selection was based on their presence in the samples and on instances where the maximum residue limits 

for the pesticides under study were exceeded. 

 
Imidacloprid 

 
Aldicarb 

 
Metalaxll 
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Cypermethrin 

 
Chlorpyrifos 

 

 
Endrin 

 
DDA 

 
 

Instrumentation for Pesticide Estimation  

All spectrophotometric measurements were performed using a dual-beam UV/Vis spectrophotometer 

(Thermo Scientific, UK; Biotech Engineering Ltd., UK), with a wavelength range of 190-1100 nm, a spectral 

bandwidth of 2.0 nm, and a scanning speed of 400 nm/min. A quartz cell with a 1 cm path length was 
utilized for all UV/Vis spectrophotometric analyses. 
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Preparation of Standard Pesticides  
Accurately, 5 mg of each pesticide was weighed and dissolved in 50 mL of acetonitrile in a volumetric flask 

to obtain a stock concentration of 100 µg/ml. A series of concentrations was then prepared by diluting the 

stock solution to generate a calibration curve with different concentrations for each pesticide. 

 

Extraction 

The peach samples were extracted and analyzed following the QuEChERS method [6]. The peach samples 
were chopped using an electric blender. Approximately 10 g of the sample was transferred to a 50 ml 

centrifuge tube, followed by the addition of 10 ml of acetonitrile and (4 g of anhydrous magnesium sulfate 

+ 1 g of sodium chloride). The mixture was then placed on a shaker for 30 seconds, followed by 

centrifugation at 5000 rpm for 5 minutes. Subsequently, 3 ml of the supernatant was transferred to a 15 

ml centrifuge tube containing 600 mg of anhydrous magnesium sulfate and 120 mg of PSA. This was 
placed on a shaker for 30 seconds, followed by centrifugation at 5000 rpm for 5 minutes. Finally, the 

extract was transferred to a clean quartz cell for UV/Vis measurement. 

 

UV Detection and Quantification Limits of the Instrument 

The detection and quantification limits for the following pesticides were calculated. For cypermethrin, the 

values were between 0.52 and 1.58 µg/ml; for chlorpyrifos, 0.53 and 1.61 µg/ml; for Imidacloprid, 0.64 
and 1.95 µg/ml; for metalaxyl, between 0.27 and 8.32 µg/ml; for Aldicarb, 0.90 and 2.73 µg/ml; for DDA, 

3.50 and 10.62 µg/ml; and for Endrin, 1.89 and 5.73 µg/ml, respectively. 

 

Results  

The results indicated the detection of Cypermethrin and Imidacloprid residues in the Al-Marj region. No 
pesticides (Imidacloprid, Aldicarb, chlorpyifos, metalaxyl, cypermethrin, DDA, and Endrin) were detected 

in Qarnadah, Iqafnata, Abdul Wahid, or Qasr Libya. The residue of Imidacloprid recorded in Al-Marj was 

0.04 µg/ml, and the residue of Imidacloprid was 0.02 µg/ml at Qarnadah area (Table1). These values were 

below the internationally permissible limits set by the European Union of 0.860 µg/ml [100]. 

 

Table 1. The peach samples in the study areas. 

Pesticides Qarnadah Iqafnata Qasr Libya Abdul Wahid Al-Marj 

Cypermethrin ND ND ND ND ND 

Metalaxll ND ND ND ND ND 

Endrin ND ND ND ND ND 

DDA ND ND ND ND ND 

Chlorpyrifos ND ND ND ND ND 

Aldicarb ND ND ND ND ND 

Imidacloprid 0.02 ND ND ND 0.04 

 

 

Figure 2. The residue of the Imidacloprid pesticide   

 

Discussion 
As illustrated in (Figure 2), there are statistically significant differences between the Al-Marj region and the 

other study areas. From these results, we can conclude that the presence of Imidacloprid residues may be 
attributed to the pesticide degradation period, and the values were within the globally permissible limits. In 

a similar study, the results obtained by previous studies [101], showed that pesticide concentrations were 

below the Maximum Residue Limits (MRLs). From these findings, it can be concluded that organophosphate 
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and other insecticide residues were more significant in vegetables and fruits during the spring and summer 
seasons, when insect populations are more active. This leads to increased application of various 

insecticides, consequently resulting in the presence of residual pesticide concentrations in the study 

samples. However, excessive use of pesticides as well as other inappropriate applications of these chemicals 

can have a detrimental effect on the biodiversity of agricultural soil, water, and plants. This can have 

adverse effects on the well-being of humans, animals, and plants. Currently, global pesticide use surpasses 

3.5 million tons per year, with over 1000 commercial pesticide formulations available, including chemical, 
microbiological, and botanical agents. Low concentrations of pesticide residues enter the human diet 

because of the extensive application of agricultural chemicals in food production [102-103]. 

 

Conclusion  
No pesticides from the studied list (Imidacloprid, Aldicarb, metalaxyl, cypermethrin, DDA, Chlorpyriphos, 

Endrin) were detected in the peach samples from the study areas, apart from the Al-Marj region. In Al-

Marj, residues of cypermethrin and Imidacloprid were found, with values below the maximum permissible 

limit set by the European Union. The presence of these insecticide residues is attributed to their 

widespread and extensive use on vegetable and fruit crops globally, owing to their high efficacy against 

insects. However, their residues pose a potential risk to public health. Therefore, from a health 
perspective, it is essential to control and regulate the application of pesticides on various crops in Libya. 
 

Acknowledgment 

Special thanks to the pesticide department staff members, Faculty of Agriculture, Omar Al–Mukhtar 

University, for their collaboration during the pesticide determination of this study. 

 
Conflict 

No conflict of the results recorded in this study with other studies.   

 

 References 
1. Bassi D, Miganini I, Spinardi A. Pesticide residue analysis from winter vegetables collected from six markets of 

Rajshahi Bangladesh. 2019;12(1-2):43-50. 
2. Serra S, Anthony B, Masia A, Giovannini D, Musacchi S. Determination of biochemical composition in peach 

(Prunus persica L. Batsch) accessions characterized by different flesh color and textural typologies. Foods. 
2020;9(10):1452. 

3. Wu J, Chen C, Li Y, Cao K, Wang X, Fang G, Zhu G, Wang L. Integrated ESI-MS/MS and APCI-MS/MS based 
metabolomics reveal the effects of canning and storage on peach fruits. Food Chem. 2024;430. 

4. Gauthier N. Peach fruit diseases. Food Environ Coop Ext Serv. 2000;1(1):1-3. 
5. Salah MIH. Organochlorine pesticide residues in sediment, algae and fish from Alhaniyaha region, Libya. Int J 

Multidiscip Sci Adv Technol. 2021;1(Special Issue):374-8. 
6. Salah MIH, Omuklthum AA. Levels and distribution of some persistent organochlorine pesticide residues and 

polychlorinated biphenyls in water and soils of Omar Al-Mokhtar location, Libya. Libyan J Plant Prot. 
2021;11:58-74. 

7. Mohamed FH, Salah MIH, Omukthum AAA, Hamad MAH. Sensitive and rapid method to estimate residual 
pesticides in some local and imported apple cultivars collected from eastern north side of Libya. Int J Adv 
Multidiscip Res Stud. 2023;3(6):100-6. 

8. Abdelrazeg A, Khalifa A, Mohammed H, Miftah H, Hamad H. Using melon and watermelon peels for the 
removal of some heavy metals from aqueous solutions. AlQalam J Med Appl Sci. 2025;8(3):787-96. 

9. Abdul Razaq A, Hamad H. Estimate the contents and types of water well salts by the Palmer Roger model 
affecting the corrosion of Al-Bayda city (Libya) network pipes. AlQalam J Med Appl Sci. 2025;8(3):744-53. 

10. Abdulsayid FA, Hamad MAH, Huda AE. IR spectroscopic investigation, X-ray fluorescence scanning, and flame 
photometer analysis for sediments and rock samples of Al-Gabal Al-Akhder coast region (Libya). IOSR J Appl 
Chem. 2021;14(4):20-30. 

11. Alambarki M, Hasan HMA. Assessment of the heavy metal contents in air samples collected from the area 
extended between Albayda and Alquba cities (Libya). AlQalam J Med Appl Sci. 2025;8(3):695-707. 

12. Al-Nayyan N, Mohammed B, Hamad H. Estimate of the concentrations of heavy metals in soil and some plant 
samples collected from near and far away of the main road between Al-Bayda city and Wadi Al-Kouf region. 
AlQalam J Med Appl Sci. 2025;8(3):816-26. 

13. Hasan HMI. Studies on physicochemical parameters and water treatment for some localities along coast of 
Alexandria [dissertation]. Alexandria (Egypt): Alexandria Univ; 2006. 

14. Hamad MAH, Hager AA, Mohammed EY. Chemical studies of water samples collected from area extended 
between Ras Al-Halal and El Haniea, Libya. Asian J Appl Chem Res. 2022;12(3):33-46. 

15. Hamad MH. Studies on physicochemical parameters and water treatment for some localities along coast of 
Alexandria. Alex J. 2006;1:1-15. 

16. Hamad M, Mohammed AA, Hamad MAH. Adsorption and kinetic study for removal some heavy metals by use 
in activated carbon of sea grasses. Int J Adv Multidiscip Res Stud. 2024;4(6):677-85. 

17. Hamad MAH, Hamad NI, Mohammed MYA, Hajir OAA, Al-Hendawi RA. Using bottom marine sediments as 
environmental indicator state of (Tolmaitha–Toukra) region at eastern north coast of Libya. Sch J Eng Tech. 
2024;2(14):118-32. 

https://doi.org/10.54361/ajmas.258402


Alqalam Journal of Medical and Applied Sciences. 2025;8(4):2099-2106 

https://doi.org/10.54361/ajmas.258402 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 

Received: 26-07-2025 - Accepted: 23-09-2025 - Published: 01-10-2025    2104 

18. Hamad MIH. The heavy metals distribution at coastal water of Derna city (Libya). Egypt J Aquat Res. 
2008;34(4):35-52. 

19. Hamad MIH, Mojahid ul Islam. The concentrations of some heavy metals of Al-Gabal Al-Akhdar coast 
sediment. Arch Appl Sci Res. 2010;2(6):59-67. 

20. Hamad MAH, Amira AKA. Estimate the concentrations of some heavy metals in some shoes polish samples. 
EPH Int J Appl Sci. 2016;2(2):24-7. 

21. Hamad MAH, Hussien SSM, Basit EEM. Accumulation of some heavy metals in green algae as bioindicators of 
environmental pollution at Al-Haniea region: Libya coastline. Int J Adv Multidiscip Res Stud. 2024;4(5):188-
90. 

22. Hamad MIH, Ahmed MA. Major cations levels studies in surface coastal waters of Derna city, Libya. Egypt J 
Aquat Res. 2009;35(1):13-20. 

23. Hamad MIH, Masoud MS. Thermal analysis (TGA), diffraction thermal analysis (DTA), infrared and X-rays 
analysis for sediment samples of Toubrouk city (Libya) coast. Int J Chem Sci. 2014;12(1):11-22. 

24. Hamad R, Ikraiam FA, Hasan H. Estimation of heavy metals in the bones of selected commercial fish from the 
eastern Libyan coast. J Rad Nucl Appl. 2024;9(1):47-51. 

25. Hasan HAH. Estimate lead and cadmium contents of some archeological samples collected from ancient cities 
location (Cyrene and Apollonia) at Al-Gabal Al-Akhder region, Libya. Univ J Chem Appl. 2021;12(21):902-7. 

26. Alfutisi H, Hasan H. Removing of thymol blue from aqueous solutions by pomegranate peel. EPH Int J Appl 
Sci. 2019;1(1):111-9. 

27. Hasan JA, Hasan HMA. Potential human health risks assessment through determination of heavy metals 
contents in regularly consumed yogurt in Libya. World J Pharm Pharm Sci. 2024;13(12):100-12. 

28. Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Essam AM, Hamad MIH. Rice husk and activated carbon for 
wastewater treatment of El-Mex Bay, Alexandria coast, Egypt. Arab J Chem. 2016;9(S2):S1590-S6. 

29. Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Hamad IH. Heavy metals accumulation in sediments of 
Alexandria coastal areas. Bull Fac Sci. 2012;47(1-2):12-28. 

30. Mamdouh SM, Wagdi ME, Ahmed MA, Hamad MIH. Chemical studies on Alexandria coast sediment. Egypt Sci 
Mag. 2005;2(4):93-102. 

31. Mamdouh SM, Wagdi ME, Ahmed MA, Alaa EA, Hamad MIH. Distribution of different metals in coastal waters 
of Alexandria, Egypt. Egypt Sci Mag. 2010;7(1):1-19. 

32. Mohamed AE, Afnan SA, Hamad MA, Mohammed AA, Mamdouh SM, Alaa RE, et al. Usage of natural wastes 
from animal and plant origins as adsorbents for the removal of some toxic industrial dyes and heavy metals in 
aqueous media. J Water Process Eng. 2023;55:104192. 

33. Mohamed HB, Mohammed AZ, Ahmed MD, Hamad MAH, Doaa AE. Soil heavy metal pollution and the 
associated toxicity risk assessment in Ajdabiya and Zueitina, Libya. Sci J Damietta Fac Sci. 2024;14(1):16-27. 

34. Nabil B, Hamad H, Ahmed E. Determination of Cu, Co and Pb in selected frozen fish tissues collected from 
Benghazi markets in Libya. Chem Methodol. 2018;2:56-63. 

35. Wesam FAM, Hamad MAH. Detection of heavy metals and radioactivity in some bones of frozen chicken 
samples collected from Libyan markets. Int J Adv Multidiscip Res Stud. 2023;3(3):761-4. 

36. Wesam FAM, Hamad MAH. Study the accumulation of minerals and heavy metals in Ulva algae, Cladophora, 
Polysiphonia and Laurencia algae samples at eastern north region of Libya coast. GSC Biol Pharm Sci. 
2023;23(3):147-52. 

37. Citrine E, Hamad H, Hajer AF. Contents of metal oxides in marine sediment and rock samples from the 
eastern Libyan coast, utilizing the X-ray method. AlQalam J Med Appl Sci. 2015;1(1):1316-21. 

38. Hanan MA, Hamida E, Hamad MAH. Nitrogen, phosphorus and minerals (sodium, potassium and calcium) 
contents of some algae species (Anabaena and Spirulina platensis). Int J Curr Microbiol App Sci. 
2016;5(11):836-41. 

39. Hamad MAH, Amira AKA. Estimate the concentrations of some heavy metals in some shoes polish samples. 

EPH Int J Appl Sci. 2016;2(2):24-7. 
40. Mardhiyah F, Hamad H. Assessment of soil contamination by heavy metals in the Al-Fatayeh region, Derna, 

Libya. AlQalam J Med Appl Sci. 2025;8(3):1081-91. 
41. Hamad MIH, Aaza IY, Safaa SHN, Mabrouk MS. Biological study of transition metal complexes with adenine 

ligand. Proc. 2019;41(1):77. 
42. Ahmed ONH, Hamad MAH, Fatin ME. Chemical and biological study of some transition metal complexes with 

guanine as ligand. Int J New Chem. 2023;10(3):172-83. 
43. Hamad MAH, Enas UE, Hanan AK, Hana FS, Somia MAE. Synthesis, characterization and antibacterial 

applications of compounds produced by reaction between barbital with threonine, glycine, lysine, and alanine. 
Afr J Biol Sci. 2024;6(4):1-10. 

44. Hamad IH, Nuesry MS. The polycyclic hydrocarbons levels in some fish tissues collected from Derna City 
(Libya) coast. In: Int Conf Chem Agric Med Sci; 2014 Dec 4-5; Antalya, Turkey. 2014. p. 52-6. 

45. Hamad MAH, Mounera AAE, Baseet ESM, Eman E, Al-Badri M. Identification and detection of the aromatic 
and aliphatic hydrocarbons in Epinephelus marginatus fish samples collected from Benghazi coast. Int J Adv 
Multidiscip Res Stud. 2023;6(3):107-13. 

46. Mohammed A, Hamad MAH, Mounera AAE, Eman IHE. Extraction and identification of aliphatic 
hydrocarbons in marine sediment samples at Benghazi city and Dyriana town coasts (Libya). J Res Humanit 
Soc Sci. 2023;11(10):168-74. 

47. Hasan MAH, Muftah HS, Abdelghani KA, Saad SI. Poly aromatic hydrocarbon concentrations in some shell 
samples at some Tobrouk city coast regions: could the oil industry be significantly affecting the environment. 
Ukr J Ecol. 2022;12(3):21-8. 

48. Habel AMA, Mohamed NIH, Mohammed MA, Hamad MAH. The levels and sources of aliphatic and polycyclic 
aromatic hydrocarbons in blue runner fish from Benghazi coast, Libya. Afr J Biol Sci. 2024;6(3):1-10. 

https://doi.org/10.54361/ajmas.258402


Alqalam Journal of Medical and Applied Sciences. 2025;8(4):2099-2106 

https://doi.org/10.54361/ajmas.258402 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 

Received: 26-07-2025 - Accepted: 23-09-2025 - Published: 01-10-2025    2105 

49. Hasan HMI, Mohamad ASA. A study of aliphatic hydrocarbons levels of some waters and sediments at Al-
Gabal Al-Akhder coast regions. Int J Chem Sci. 2013;11(2):833-49. 

50. Salem GM, Aljidaemi FF, Hwisa SA, Hamad MIH, Zaid AA, Amer IO. Occupational exposure to benzene and 
changes in hematological parameters in East Tripoli, Libya. Nanotechnol Percept. 2024;20(S5):358-64. 

51. El-Badry S, Hamad MAH, Wesam FAM. Measurement of radon in environmental samples from Aljabal Al-
Akhder region, Libya. Int J Adv Multidiscip Res Stud. 2023;3(2):372-6. 

52. Alramli A, Alkadassy A, Hamad H. Occupational exposure to radon in underground drinking water tanks in 
Al-Bayda city (Libya). AlQalam J Med Appl Sci. 2025;8(3):1103-10. 

53. Mohammed SY, Hamad H. Radiation levels in some samples of rock and sediment from the coast of Al-Gabal 
Al-Akhder, Libya. AlQalam J Med Appl Sci. 2025;8(3):1092-102. 

54. Hamad MAH, Hamad JMI, Salem JAI. Effect of irrigation water on some soil properties at Al-Kufra (Libya). Int 
J Eng Sci Invent. 2015;4(10):28-32. 

55. Hamad MAH, Hanem AMR. Study of physical and chemical parameters of seaweeds Ulva lactuca collected 
from the eastern Libya coast. Int J Adv Multidiscip Res Stud. 2023;3(4):731-6. 

56. Hamad MAH, Khaled AM, Salem GM. Using (WASP) model for seasonal variation study of physicochemical 
parameters of water samples at Al-Marj Basin (Libya). Int J Eng Sci Invention. 2016;5(12):39-46. 

57. Hamad MAH, Wesam FAM. Accumulation of Fe, Mn, Zn, and Cu metals in some bone samples collected from 

frozen chicken samples. Int J Eng Appl Sci Technol. 2024;8(2):9-12. 
58. Mohamed HB, Khaled B, Hanan AM. Study the physicochemical properties of sludge samples collected from 

Benghazi wastewater treatment plant (Libya). J Univ Babylon Pure Appl Sci. 2022;30(3):37-47. 
59. Bialk-Bielinska A, Stolte S, Matzke M, Fabianska A, Maszkowska J, Kołodziejska M, et al. Biodegradation of 

sulfonamides in activated sludge at environmentally relevant concentrations: elucidating the kinetics and 
pathways. J Hazard Mater. 2011;186(1):451-9. 

60. Papageorgiou M, Kosma C, Lambropoulou D. Seasonal occurrence, removal, mass loading and environmental 
risk assessment of 55 pharmaceuticals and personal care products in a municipal wastewater treatment plant 
in central Greece. Sci Total Environ. 2016;543:547-69. 

61. Gani KM, Singh VK, Gupta T, Sharma A, Kumar P. Characterization and risk assessment of heavy metals in 
road dust from National Highway 24, Lucknow, India. Environ Earth Sci. 2016;75:280. 

62. Zeng F, Ali S, Zhang H, Ouyang Y, Qiu B, Wu F, Zhang G. The influence of pH and organic matter content in 
paddy soil on heavy metal availability and their uptake by rice plants. Environ Pollut. 2011;159(1):84-91. 

63. Gasim MB, Sahid I, Toriman ME, Pereira JJ, Mokhtar M. Integrated water resources management and 
pollution sources in Cameron Highlands, Pahang Malaysia: a case study of Bertam Catchment. Am J Environ 
Sci. 2009;5(5):673-82. 

64. Cechinel MAP, de Souza HL, Souza B, Simioni C, Peruzzi NJS, Carissimi E. Toxicity and pollutant removal 
efficiency of hospital wastewater treatment plant in Brazil. J Environ Sci Health A Tox Hazard Subst Environ 
Eng. 2016;51(5):345-55. 

65. Wong-Wah-Chung P, Rafqah S, David B, Mansour C, Richard C. Phototransformation of sulfamethoxazole and 
trimethoprim in wastewater under simulated solar radiation: role of effluent organic matter. Sci Total Environ. 
2007;309(1-3):238-46. 

66. Batt AL, Kim S, Aga DS. Comparison of the occurrence of antibiotics in four full-scale wastewater treatment 
plants with varying designs and operations. Chemosphere. 2007;68(3):428-35. 

67. Shah JA, Shah AJ. Removal of heavy metals by adsorption using fly ash generated from thermal power plants: 
a review. Int J Adv Res Innov Ideas Educ. 2016;2(3):16-25. 

68. Zinatizadeh AAL, Mohamed AR, Abdullah AZ, Mashitah MDS, Isa MH, Najafpour GD. Process modeling and 
analysis of palm oil mill effluent treatment in an up-flow anaerobic sludge fixed film bioreactor using response 
surface methodology (RSM). Water Res. 2006;40(17):3193-208. 

69. Salvetti R, Azzellino A, Viganò L, Ceretti G, Turolla A, Nasuelli M, et al. Evaluating the fate of priority 

pollutants in a large wastewater treatment plant in northern Italy. Water Sci Technol. 2006;54(11-12):11-7. 
70. Ezugbe EO, Rathilal S. Membrane technologies in wastewater treatment: a review. Membranes. 2020;10(5):89. 
71. Sun J, Sun Q, Deng W, Yang J, Long J, Shen D, et al. Characteristics of water-extractable organic matter from 

different composts. Waste Manag. 2019;97:122-30. 
72. Gassie LW, Englehardt JD. Advanced oxidation and disinfection processes for onsite net-zero greywater reuse: 

a review. Water Res. 2017;125:384-99. 
73. Schaar H, Clara M, Gans O, Kreuzinger N. Micropollutant removal during biological wastewater treatment and 

a subsequent ozonation step. Environ Pollut. 2010;158(5):1399-404. 
74. Kummerer K. Antibiotics in the aquatic environment–a review–part I. Chemosphere. 2009;75(4):417-34. 
75. Rathi BS, Kumar PS, Show PL. A review on effective removal of emerging contaminants from aquatic systems: 

current trends and scope for further research. J Hazard Mater. 2021;409:124413. 
76. Belhaj D, Baccar R, Blánquez P, Sarrà M, Bouzid J, Ghrabi A, et al. Fate of selected pharmaceuticals and 

personal care products in wastewater treatment plant and risk assessment. Water Air Soil Pollut. 2015;226:1-
14. 

77. Xu J, Xu Y, Wang H, Guo C, Qiu H, He Y, et al. Occurrence of antibiotics and antibiotic resistance genes in a 
sewage treatment plant and its effluent-receiving river. Chemosphere. 2015;119:1379-85. 

78. McArdell CS, Molnar E, Suter MJF, Giger W. Occurrence and fate of macrolide antibiotics in wastewater 
treatment plants and in the Glatt Valley watershed, Switzerland. Environ Sci Technol. 2003;37(24):5479-86. 

79. López-Pacheco IY, Silva-Núñez A, Salinas-Salazar C, Arévalo-Gallegos A, Lizarazo-Holguin LA, Barceló D, et al. 
Anthropogenic contaminants of high concern: existence in water resources and their adverse effects. Sci Total 
Environ. 2019;690:1068-88. 

https://doi.org/10.54361/ajmas.258402


Alqalam Journal of Medical and Applied Sciences. 2025;8(4):2099-2106 

https://doi.org/10.54361/ajmas.258402 

 

 

Copyright Author (s) 2025. Distributed under Creative Commons CC-BY 4.0 

Received: 26-07-2025 - Accepted: 23-09-2025 - Published: 01-10-2025    2106 

80. Luo Y, Guo W, Ngo HH, Nghiem LD, Hai FI, Zhang J, et al. A review on the occurrence of micropollutants in 
the aquatic environment and their fate and removal during wastewater treatment. Sci Total Environ. 
2014;473:619-41. 

81. Gopal K, Tripathy SS, Bersillon JL, Dubey SP. Chlorination byproducts, their toxicodynamics and removal 
from drinking water. J Hazard Mater. 2007;140(1-2):1-6. 

82. Ahmaruzzaman M. Industrial wastes as low-cost potential adsorbents for the treatment of wastewater laden 
with heavy metals. Adv Colloid Interface Sci. 2011;166(1-2):36-59. 

83. Schwarzenbach RP, Escher BI, Fenner K, Hofstetter TB, Johnson CA, von Gunten U, et al. The challenge of 
micropollutants in aquatic systems. Science. 2006;313(5790):1072-7. 

84. Rehman F, Sayed M, Waheed S, Munir S. Waste water treatment using advanced oxidation processes. Asian J 
Chem. 2016;28(1):1-9. 

85. Hai FI, Yang S, Asif MB, Sencadas V, Shawkat S, Sanderson-Smith M, et al. Removal of pathogens by 
membrane bioreactors: a review of the mechanisms, influencing factors and reduction in chemical disinfectant 
dosing. Water. 2018;10(3):360. 

86. Rivera-Utrilla J, Sánchez-Polo M, Ferro-García MÁ, Prados-Joya G, Ocampo-Pérez R. Pharmaceuticals as 
emerging contaminants and their removal from water: a review. Chemosphere. 2013;93(7):1268-87. 

87. Jelic A, Gros M, Ginebreda A, Cespedes-Sánchez R, Ventura F, Petrovic M, et al. Occurrence, partition and 

removal of pharmaceuticals in sewage water and sludge during wastewater treatment. Water Res. 
2011;45(3):1165-76. 

88. Prabhasankar VP, Thomas DJ, Joshi S. Sustainable and renewable bioadsorbents for toxic metal removal 
from wastewater: a review. Int J Environ Sci Technol. 2023;20(2):1751-66. 

89. Mezohegyi G, van der Zee FP, Font J, Fortuny A, Fabregat A. Towards advanced aqueous dye removal 
processes: a short review on the versatile role of activated carbon. J Environ Manage. 2012;102:148-64. 

90. Ali I. New generation adsorbents for water treatment. Chem Rev. 2012;112(10):5073-91. 
91. Sharma A, Ahmad J, Flora SJS. Application of advanced oxidation processes and techniques in treatment of 

contaminated soil and water matrices: a review. Chemosphere. 2018;202:83-109. 
92. Satyawali Y, Balakrishnan M. Wastewater treatment in molasses-based alcohol distilleries for COD and color 

removal: a review. J Environ Manage. 2008;86(3):481-97. 
93. Dasgupta J, Sikder J, Chakraborty S, Curcio S, Drioli E. Remediation of textile effluents by membrane based 

treatment techniques: a state of the art review. J Environ Manage. 2015;147:55-72. 
94. Kaur R, Bhatti MS. Removal of reactive dyes from aqueous solutions by adsorption–a review. Crit Rev Environ 

Sci Technol. 2011;41(4):807-81. 
95. Verma AK, Dash RR, Bhunia P. A review on chemical coagulation/flocculation technologies for removal of 

colour from textile wastewaters. J Environ Manage. 2012;93(1):154-68. 
96. Kumar R, Singh R, Kumar N, Bishnoi K, Bishnoi NR. Treatment of complex textile effluent by electrochemical 

methods. Desalination. 2008;219(1-3):118-27. 
97. Brillas E, Martínez-Huitle CA. Decontamination of wastewaters containing synthetic organic dyes by 

electrochemical methods. An updated review. Appl Catal B. 2015;166:603-43. 
98. Robinson T, McMullan G, Marchant R, Nigam P. Remediation of dyes in textile effluent: a critical review on 

current treatment technologies with a proposed alternative. Bioresour Technol. 2001;77(3):247-55. 
99. Forgacs E, Cserháti T, Oros G. Removal of synthetic dyes from wastewaters: a review. Environ Int. 

2004;30(7):953-71. 
100. Gupta VK, Suhas. Application of low-cost adsorbents for dye removal–a review. J Environ Manage. 

2009;90(8):2313-42. 
101. Zaharia C, Suteu D. Textile organic dyes–characteristics, polluting effects and separation/elimination 

procedures from industrial effluents–a critical overview. In: Puzyn T, Mostrag-Szlichtyng A, editors. Organic 

pollutants ten years after the Stockholm Convention–environmental and analytical update. London: 

IntechOpen; 2012. p. 55-87. 
102. dos Santos AB, Cervantes FJ, van Lier JB. Review paper on current technologies for decolourisation of 

textile wastewaters: perspectives for anaerobic biotechnology. Bioresour Technol. 2007;98(12):2369-85. 
103. Kant R. Textile dyeing industry an environmental hazard. Nat Sci. 2012;4(1):22-6. 

 

 

 

 
  

 

 

 

 

 

 

https://doi.org/10.54361/ajmas.258402

