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Abstract


The extensive and random application of major organic pollutants, mainly pesticides, threatens ecosystems and human health. The present study was conducted to isolate and identify microorganisms from some water resources contaminated with pesticides. We investigated the ability of the identified microbes to grow in water spiked with dimethoate and methomyl. We also evaluated the potential effect of the identified microbial isolates on dimethoate and methomyl biodegradation in water. In addition, the total detoxification of dimethoate and methomyl residues in water after treatment with the most effective microbial isolates was confirmed using toxicity tests and analyzing biochemical parameters and histopathological changes in the kidney and liver of treated rats. The microbial isolates were identified as Xanthomonas campestris pv. Translucens and Aspergillus fumigates. Results showed that X. campestris pv. Translucens and A. fumigatus grow in media supplemented with dimethoate and methomyl faster than in other media without both pesticides. About 97.8% and 91.2% of dimethoate and 95% and 87.8% of methomyl (initial concentration of both 5 mg L−1) were biodegraded within 32 days of incubation with X. campestris pv. Translucens and A. fumigatus, respectively. There was no remaining toxicity in rats treated with dimethoate- and methomyl-contaminated water with respect to biochemical parameters and histopathological changes. Collectively, the identified bacterial isolate showed high potential for the complete degradation of dimethoate and methomyl residues in water.







Keywords:


water; pollution; dimethoate; methomyl; remediation; toxicity; histopathology












1. Introduction


Climate change requires that urgent attention be given to water conservation worldwide and the development of affordable technologies for wastewater depuration. The European Union has established more stringent requirements concerning surface water and groundwater pollution [1,2]. Among other pollutants frequently detected in water, pesticides are organic compounds with diverse properties, activities, and applications, which contribute to their widespread presence in the environment, threatening ecosystems and human health [3]. Pesticide wastewater must be disposed of properly to prevent the deterioration of water quality [4]. However, several drawbacks are associated with the most current methods used for pesticide removal from water that include high costs, containment problems, and ineffectiveness. On the other hand, biobed bioremediation systems were adopted as successful and viable options for on-farm use besides their advantages in the treatment of polluted complex agricultural and industrial wastewater [5,6,7].



Dimethoate is a well-known systemic organophosphorus insecticide and acaricide. It is also considered a carbamate pesticide. Dimethoate has been extensively used since 1956 to control a broad range of insects, such as aphids, red spider mites, pea midges, thrips, wheat bulby, sawy, suckers, and wooly aphids [8,9]. These insects negatively impact a large number of crops. Dimethoate kills insects by contact and stomach action through interfering with acetylcholinesterase (AChE) activity, which is essential for the proper functioning of the nervous systems of both humans and insects [10,11]. Dimethoate is classified as a moderately hazardous compound by the World Health Organization (WHO) and is stable in aqueous media between pH 2 and 7. It is easily absorbed through the skin, although dimethoate poisoning may occur through the mouth [12]. Residues of dimethoate and its oxidized analogs have been detected in soil, fruits, vegetables, and even cow milk [13]. Dimethoate can be decomposed in alkaline solution (half-life (DT50) of 12 days) at pH 9 [8] or at temperatures higher than 96 °C [14]. Furthermore, the half-life of dimethoate in soil can be as long as 206 days at 25 °C in the absence of biodegradation [10].



Methomyl, a class of oxime carbamates, is widely used to control insects and nematode pests by inhibiting the enzyme AChE, which hydrolyzes the neurotransmitter acetylcholine. The International Union of Pure and Applied Chemistry’s name for methomyl is S-methyl N- (methylcarbamoyloxy) thioacetimidate [15]. The WHO, the Environment Protection Agency, and European Chemical Classification have classified methomyl as a toxic and hazardous pesticide. Methomyl is highly soluble in water (57.9 g L−1 at 25 °C) [15], and it can easily contaminate groundwater and surface water resources [16]. Removal of dimethoate and methomyl from the environment is important because of their toxicity.



Bioremediation has received increasing attention as an efficient and cost-effective biotechnological approach to clean up polluted environments. Importantly, 50% dimethoate can be biodegraded within 3–5 days in soil and river water [17,18]. Previous reports documented that several bacteria are capable of biodegrading dimethoate [19,20]. In this regard, two enzymes associated with dimethoate biodegradation were identified and purified from Aspergillus niger ZHY256 and Klebsiella sp. strain F51-1-2 [19,21]. The present study isolated and identified microbial isolates (Xanthomonas campestris pv. Translucens and A. fumigates) from pesticide-contaminated water, together with investigating the potential biodegradation of dimethoate and methomyl in aqueous media and the growth of the isolated microbes in dimethoate- and methomyl-contaminated water. The efficiency of the bioremediation of dimethoate- and methomyl-contaminated water with X. campestris pv. Translucens and A. fumigatus isolates was evaluated, besides assessing the biochemical and histopathological changes in the liver and kidney of treated rats following complete detoxification of dimethoate- and methomyl-contaminated water after remediation with the most effective microbial isolate (X. campestris pv. Translucens).




2. Material and Methods


2.1. Experimental


2.1.1. Chemicals


Dimethoate and methomyl with 99.5% purity were obtained from the Central Laboratory for Pesticides, Agriculture Research Center, Cairo, Egypt. Acetonitrile with 98% purity, disodium hydrogen orthophosphate with 99% purity, potassium dihydrogen orthophosphate with 99% purity, ammonium sulfates with 98.5% purity, sodium chloride with 98% purity, magnesium sulfate heptahydrate with 98% purity, calcium chloride (CaCl2.2H2O) with 98% purity, agar with 98% purity, ferrous sulfate heptahydrate with 99% purity, and dextrose with 98% purity were obtained from El-Nasr Pharmaceutical Chemical Company, Abu Zaabal, Cairo, Egypt.




2.1.2. Growth Medium


M9 as a mineral salt liquid medium (MSM, pH 7.2) was prepared by adding 1.5 g of K2HPO4, 0.5 g of KH2PO4, 1.0 g of (NH4)2SO4, 0.5 g of NaCl, 0.2 g of MgSO4, and 0.02 g of FeSO4 to 1000 mL of distilled water [20]. The pH was adjusted to 7.2 using sodium hydroxide solution, and the medium was autoclaved at 121 °C for 15 min and then supplemented with the tested insecticides as the sole carbon source just before inoculation [22]. The fungus and bacteria were grown on potato dextrose agar (PDA) medium, which was used in general to isolate A1 and A2 microbes. PDA containing 200 g of peeled potato, 20 g of dextrose, and 15 g of agar was added to 1000 mL of distilled water at pH 5, as described by Vincent [23]. The medium was autoclaved at 121 °C for 20 min [24].




2.1.3. Isolation by Enrichment Culture


Enrichment cultures of microorganisms with the ability to biodegrade the tested insecticides were established from water samples collected from the El-Gharbiya main drain water, Kafr Dokhmis (summer of June 2014), Kafrelsheikh Governorate, which is polluted by organic pesticides (persistent organic pollutants (POPs)) [25]. Briefly, 20 μL of a water sample was added to 50 mL of sterilized MSM in a 100 mL flask containing 20 ppm of the tested insecticides as a sole source of carbon [26] and phosphorus [27], incubated at 30 °C, and shaken at 150 rounds per minute (rpm) for 21 days. Next, 10 mL of the culture was transferred into fresh 50 mL of MSM containing the same concentration of the tested insecticides. This procedure was repeated four times. Dilution series were then prepared from the enrichment culture in a flask containing 50 mL of MSM up to 1:10−6, and then 100 μL of it was spread on plates MSM/insecticides (20 ppm) by using a drigalisky triangle. The plates were sealed in polyethylene bags and incubated at 30 °C for 7 days and monitored for the appearance of colonies. Single colonies growing on these diluted plates were isolated by picking the colonies using a sterile inoculation needle. The colonies were further purified by standard spatial streaking for the bacterial isolate on complex agar medium or acidic complex medium or by the addition of 800 mg L−1 of ampicillin to a complex medium for the fungal isolate (MSM and PDA were used for bacterial and fungal isolates).




2.1.4. Identification of the Isolated Microbes


Identification of the bacterial isolate was done using the Biolog GN III technique at the Consulting Service for Virus Researches and Bioassays, National Research Center, Dokki, Cairo, Egypt. Identification of the fungal isolate was performed at the Mycology Research and Survey of Plant Diseases Department, Plant Pathology Research Institute, Agriculture Research Center, Giza, Egypt, as described by Gams et al. [28], Samson and Pitt [29], McClenny [30], and Diba et al. [31]. A morphological examination of the species was first made with the naked eye under a microscope at low magnification power, and then a detailed examination was conducted according to Gams et al. [28] by measuring the dimensions of the microscopic structures and photographing them, using the relevant literature as reference.




2.1.5. Determination of Microbial Growth


The growth of the identified bacterial isolate (A2) was determined using spectrophotometry at a wavelength of 600 nm [32,33]. Water samples contaminated with methomyl or dimethoate in the presence of the bacterial isolate were collected at 0, 4, 8, 12, 16, 20, 24, 28, and 32 days to assay the growth of the isolate. The growth was expressed as dry weight and calculated using Equation (1):


X (g L−1) = 0.4033OD600 − 0.0057, (r2 = 0.988)



(1)




where X (g/L) is the biomass value for the microbial isolate.



The growth of the tested fungal isolate (A1) was measured as the optical density at a wavelength of 405 nm using spectrophotometry [34,35]. The growth of the isolate was calculated as shown in Equation (2):


X (g L−1) = 0.4033OD405 − 0.0057, (r2 = 0.988)



(2)




Control flasks of an equal volume of MSM and glucose were run in parallel at all intervals to assess microbial growth in the absence of tested insecticides and as a source of carbon [36].




2.1.6. Biodegradation of the Tested Insecticides


The identified microbial isolates A. fumigatus (A1) and X. campestris pv. Translucens (A2) were cultured in MSM spiked with the tested insecticides (dimethoate and methomyl) separately for 7 days, and then the microbial biomass was washed with 3 mL of sterilized MSM. The cell suspension of 108 CFU/mL (CFU: colony-forming unit) was used to inoculate 100 mL of MSM containing 5 ppm of the tested insecticide. The cultures were incubated at 30 °C, pH 7, and 150 rpm as optimum conditions for the growth of the tested microbial isolates for 32 days [37]. Samples were collected at 0, 4, 8, 12, 16, 20, 24, 28, and 32 days for monitoring biodegradation of the parent compound of the tested insecticide. Control flasks containing equal volumes of MSM and the tested insecticides without the microbial isolates were run in parallel at all intervals to assess biotic loss [37,38]. The collected water samples of the tested insecticides were filtered using a syringe, followed by high-performance liquid chromatography (HPLC) analysis [37,39].




2.1.7. HPLC Analysis


The samples were analyzed directly by HPLC. For dimethoate analysis, a mixture of acetonitrile and distilled water (60:40) was used as the mobile phase under isocratic elution mode. The flow rate of the mobile phase was maintained at 1 mL min−1, and the column used (i.d. 4.6 mm; length 250 mm) was filled with Wakosil-II 5 C18-100 (Wako, Japan). A UV detector at a wavelength of 210 nm was used, and the retention time was 3.30 min [40]. For methomyl analysis, a mixture of acetonitrile and distilled water (20:80) was used as the mobile phase under isocratic elution mode. The flow rate of the mobile phase was maintained at 0.7 mL min−1, and the C8 zorbax column (250 mm × 4.6 mm × 5 µm) was used. A UV detector at a wavelength of 231 nm was used, and the retention time was 3.84 min [41].




2.1.8. Calculation of Biodegradation Rate and Half-Life Time


To determine the biodegradation rate, plots of the ln concentration against time were made. The biodegradation rate constant (slope), k, was calculated from the first order in Equation (3):


Ct = C0e−kt,



(3)




where Ct is the concentration of the insecticide at time t, C0 is the initial concentration, and k is the biodegradation rate constant. When the concentration fell to 50% of the initial concentration, the half-life (t1/2) was estimated, as shown in Equation (4) [41].


t1/2 = 0.693/k



(4)









2.2. Toxicity Test


2.2.1. Ethical Statement


Ethical approval was obtained from the Faculty of Veterinary Medicine, Kafrelsheikh University, Egypt, and the study complied with relevant Egyptian legislation. All animal studies were approved by our Institutional Animal Ethics Committee.




2.2.2. Animals


Adult Sprague–Dawley (SD) rats weighing 100–120 g were obtained from the Faculty of Veterinary Medicine, Kafrelsheikh University, and acclimatized for one week prior to the experiment. All rats were housed in polypropylene cages under standard conditions of a 12 h/12 h light/dark cycle at 22 °C ± 2 °C and 30–70% relative humidity. The cages were well ventilated, and rats were provided standard rat feed and water ad libitum [41,42].




2.2.3. Animal Treatment


To confirm complete detoxification of treated water, a toxicity test was conducted. Dimethoate- and methomyl-contaminated water treated with X. campestris pv. Translucens (for 32 days) was orally administered to the rats. To evaluate the toxicity of X. campestris pv. Translucens itself, the rats were orally administered water containing the bacterial isolate without the tested insecticides. The rats were randomly divided into four groups (n = 6 per group): Group 1, dimethoate-contaminated water after remediation with X. campestris pv. Translucens; Group 2, methomyl-contaminated water after remediation with X. campestris pv. Translucens; Group 3, water containing X. campestris pv. Translucens without the tested insecticides; control group (untreated). The rats were observed for clinical signs of toxicity once a day throughout the entire observation period.




2.2.4. Histopathological Examination


All rats were sacrificed under anesthesia. A postmortem examination was performed, and all lesions were recorded. Specimens from all organs, especially the liver and kidneys, were taken and kept in 10% neutral buffered formalin for histopathological examination. The specimens were dehydrated in ascending grades of alcohols, cleared in xylene, embedded in paraffin wax, cut into 4 µm thick sections, stained with hematoxylin and eosin, and examined by light microscopy [39,43,44].




2.2.5. Biochemical Assays


Blood samples were centrifuged at 4500 rpm for 20 min, and serum was collected to determine enzyme activity. The colorimetric methods of Waber [45], Schirmeistar [46], Reitman and Frankel [47], and Habig and Jakoby [48] were used to determine the levels of AChE, creatinine, glutamic-pyruvic transaminase (GPT), glutamic-oxaloacetic transaminase (GOT), and glutathione-s-transferase (GST), respectively, using spectrophotometry (Fisher Scientific Spectro Master Model 415, Arizona, United States).




2.2.6. Statistical Analysis


Enzyme activity data were statistically analyzed using a one-way analysis of variance. Duncan’s multiple range test was used to separate means using SPSS Statistics version 11.0 for Windows. A value of p ≤ 0.05 was considered statistically significant.






3. Results


3.1. Identification of the Tested Microbes


The fungal isolate was identified as A. fumigatus (A1) following the protocols described elsewhere [28,29,30,31], while the bacterial isolate was identified as X. campestris pv. Translucens (A2).




3.2. Growth of the Tested Microbial Isolates


The growth of the identified microbial isolates (X. campestris pv. Translucens and A. fumigates) on MSM in the presence of dimethoate and methomyl was compared with their growth without dimethoate and methomyl, as shown in Figure 1. The biomass production of the identified microbial isolates in MSM supplemented with dimethoate and methomyl was higher than without dimethoate and methomyl. For X. campestris pv. Translucens, biomass production increased gradually in the presence of dimethoate and methomyl after zero incubation time. However, the maximum biomass production of X. campestris pv. Translucens in the presence of dimethoate and methomyl was obtained between 16–20 and 8–12 days of incubation, respectively, after which it decreased again until the end of incubation. For A. fumigatus, biomass production increased gradually in the presence of dimethoate and methomyl after zero incubation time. The highest biomass production was recorded at 8–12 days of incubation with dimethoate or methomyl, after which it decreased again till the end of incubation. The growth rate of X. campestris pv. Translucens was obviously higher than that of A. fumigatus during incubation.




3.3. Bioremediation of the Tested Insecticides in Aqueous Media


The biodegradation ability of X. campestris pv. Translucens (A2) and A. fumigatus (A1) isolates against dimethoate and methomyl is illustrated in Table 1 and Figure 2. X. campestris pv. Translucens and A. fumigatus showed high potential of biodegrading the tested insecticides. About 97.8% and 91.2% of dimethoate (initial concentration = 5 mg L−1) were biodegraded within 32 days of incubation with X. campestris pv. Translucens and A. fumigatus, respectively. Similarly, ~95% and 87.8% of methomyl (initial concentration = 5 mg L−1) were biodegraded within 32 days of incubation with X. campestris pv. Translucens and A. fumigatus, respectively. The biodegradation of dimethoate started slowly until 12 days of incubation and then sharply increased until 24 days of incubation, while the biodegradation of methomyl started slowly until 4 days of incubation and then sharply increased until the end of incubation. The biodegradation rates slowly increased again until the end of incubation. In contrast, the biodegradation percentage of the tested insecticides was <1.2% at the end of incubation in the control and noninoculated samples, as shown in Figure 2. The biodegradation rate constant and half-life of the tested insecticides are shown in Table 1. The half-life values of dimethoate were 15.86 and 16.50 days in water treated with X. campestris pv. Translucens and A. fumigatus, respectively (Table 1). The half-life values of methomyl were 19.74 and 25.48 days in water treated with X. campestris pv. Translucens and A. fumigatus, respectively.




3.4. Toxicity Assessment


3.4.1. Biochemical Parameters


The complete detoxification of dimethoate and methomyl in water treated with the most effective microbe (X. campestris pv. Translucens) was confirmed by measuring the effect of the bioremediated water on some biochemical parameters (AChE, GPT, GOT, and GST) in treated rats relative to controls. There were no significant differences in AChE, GPT, GOT, and GST levels in rats orally administered bioremediated water compared with the controls (Table 2). The X. campestris pv. Translucens isolate itself without dimethoate or methomyl did not show significant changes in the measured biochemical parameters compared to controls.




3.4.2. Histopathological Changes


Complete detoxification of dimethoate and methomyl in water treated with the most effective microbial isolate (X. campestris pv. Translucens) was confirmed with respect to histopathological changes in the liver and kidneys of treated rats compared to controls.




	
Liver



The liver of the control group showed a normal hepatic lobule with a centrally located central vein and hepatocytes arranged in cords separated from each other by hepatic sinusoids (Figure 3a). However, the liver of group 1 showed the same morphology as that in the control group but with slight hepatocellular cytoplasmic vacuolation (Figure 3b), while the liver of group 2 showed moderate hepatocellular cytoplasmic hydropic degeneration and focal portal mononuclear cell infiltration (Figure 3c), and the liver of group 3 showed slight sinusoidal congestion and hepatocellular vacuolation (Figure 3d).



	
Kidney



The normal structure of kidney tissue with an intact renal corpuscle and renal tubules in the control group is shown in Figure 4a. Kidneys in both groups 1 and 2 showed almost the same histologic structure as that in the control group except slight changes in the form of renal tubule epithelial cell swelling in group 1 (Figure 4b) and the presence of homogeneous acidophilic material in the lumen of renal tubules in group 2 (Figure 4c). The kidneys of group 3 showed mild vacuolation in the epithelial lining of renal tubules (Figure 4d).











4. Discussion


Both identified microbial isolates (X. campestris pv. Translucens and A. fumigatus) can grow well in culture media in the presence of dimethoate and methomyl. Therefore, both could be capable of dimethoate and methomyl biodegradation and might have application in bioremediation. In the present study, the isolation of the identified microbes from sites contaminated with pesticides in this study increases their chance of obtaining microbes that have the ability for degradation of dimethoate and methomyl. It also confirms that the isolated microbes use dimethoate and methomyl as a source of carbon for growth. The study of microbial growth rates provides evidence about the capacity of the isolated microbes to degrade the pesticides.



Growth rates may also indicate which species may be dominant over a particular substrate; fast-growing species have an advantage over slow-growing species as they can reach and use resources before their competitors [49]. Therefore, better growth could help the introduced isolates to overcome competition from indigenous water microorganisms [49]. The growth of the tested isolates in media supplemented with dimethoate and methomyl was much faster than in MSM with no insecticide, indicating that these microbial isolates have the potential for the biodegradation of the tested insecticides [37]. The biodegradation of dimethoate or methomyl in control samples was negligible, indicating that abiotic losses of the tested insecticides are negligible. The amount of dimethoate or methomyl that decays due to the temperature effect and photodecomposition and volatilization is low or completely absent [37,39]. The results indicated that the identified bacterial isolate (X. campestris pv. Translucens) shows faster biodegradation of dimethoate or methomyl than the fungal isolate (A. fumigatus), in agreement with Derbalah et al. [37].



In this study, A. fumigatus showed high potential for the biodegradation of the tested insecticides, in agreement with many researchers who reported that fungi (e.g., Aspergillus sp. EM8) show high potential for pesticide biodegradation [37,50]. The final results of the bioremediation of dimethoate and methomyl by the bacterial isolate in this study are consistent with those of Madhuri and Rangaswamy [51] and Mohamed [52], who indicated the high ability of bacterial isolates to bioremediate dimethoate and other pesticides and completely mineralized insecticides in aqueous media after incubation. The results for dimethoate in this study are in agreement with those of Lone and Wani [53], Yin and Lian [54], and Pandey et al. [55], who reported the high ability of fungal isolates to bioremediate dimethoate and other organophosphorus and completely mineralized insecticides in aqueous media after incubation.



In a previous study, we found that AChE activity is significantly reduced in workers exposed to both organophosphorus (OP) and non-OP pesticides [56]. These findings reflect the possible usage of AChE activity as a surrogate marker of oxidative stress in the health surveillance of workers exposed to pesticides. GST is considered important for the detoxification of hydrophobic compounds by catalyzing their conjugation with GSH besides being a key enzyme in pollutant metabolism [57]. GST is one of the key components of the detoxification (conjugation) of xenobiotics in invertebrates [58]. GPT and GOT are enzymes usually present in liver cells; when hepatic tissue is damaged, these enzymes leak out from the liver cells into the blood, leading to increased levels and activities in plasma [59]. Our results revealed that dimethoate and methomyl in water after remediation showed no changes in the activities of various enzymes such as AChE, GPT, GOT, and GST in rats. These nonsignificant alterations in these enzymes indicate no hepatic damage caused by water containing dimethoate or methomyl after bioremediation and are considered biomarkers of hepatic safety. The creatinine level is considered a biomarker of kidney damage after exposure to pesticides with high levels of serum creatinine [60]. Our study revealed nonsignificant elevation in serum creatinine levels in rats orally administered dimethoate- or methomyl-contaminated water after bioremediation with selected microbial isolates. Histopathological changes provide a rapid method of detecting the effects of irritants, especially chronic ones, in various tissues and organs [61]. The liver is the main organ for detoxification that suffers serious morphological alterations as a result of exposure to pesticides [62,63]. Alterations in the liver might be useful markers of prior exposure to environmental stressors. To evaluate the efficacy of different tested remediation techniques in removing dimethoate and methomyl from drinking water, a toxicity assessment was carried out with respect to histopathological changes in rats. Dimethoate and methomyl exposure led to multiple histopathological alterations in the liver and kidneys [64]. The degenerative changes in the liver and nephritic damage associated with dimethoate and methomyl have been attributed to their induced oxidative stress, lipid peroxidation, and the resultant free-radical accumulation [65]. In the present study, dimethoate- or methomyl-contaminated water after bioremediation with selected microbial isolates showed only mild changes in the liver and kidneys of treated rats relative to untreated controls. Rats treated with dimethoate or methomyl alone after bioremediation showed slight hydropic hepatocellular degeneration in the liver and cell swelling in the epithelial lining of the renal tubules, which are mild retrogressive degenerative changes, indicating the nonharmful effect of bioremediation compared to the toxic effect of exposure to dimethoate or methomyl on the liver and kidneys, as described by Sharma et al. [66]. This is considered an adaptive physiological response attempting to limit cell damage by toxic materials or their metabolites. This inflammatory reaction observed in both treated groups in this study is considered a defensive response of tissues either to oxidative stress-induced injury caused by dimethoate and methomyl or the bacterial isolate [67,68].




5. Conclusions


The isolated and identified microbes show much promise in the complete biodegradation of dimethoate and methomyl in contaminated water. Given the above information, the identified microbes that were isolated from water contaminated with pesticides showed promising results in the possibility of complete biodegradation of dimethoate and methomyl in the contaminated water. Moreover, treatment of the insecticides-contaminated water with the used bacterial isolate did not show any significant toxic effects on the treated rats.
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Figure 1. Microbial growth of Xanthomonas campestris pv. Translucens (A2) and Aspergillus fumigatus (A1) isolates incubated with dimethoate (I) and methomyl (II) in aqueous media. 






Figure 1. Microbial growth of Xanthomonas campestris pv. Translucens (A2) and Aspergillus fumigatus (A1) isolates incubated with dimethoate (I) and methomyl (II) in aqueous media.
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Figure 2. Bioremediation of dimethoate (I) and methomyl (II) at a concentration of 5 ppm by X. campestris pv. Translucens (A2) and A. fumigatus (A1) in aqueous media. 
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Figure 3. (a) Liver of the control (untreated) group: (C) central vein, (p) portal area, (S) sinusoid, and (H) hepatic cord. (b) Liver of Group 1 (rats treated with water containing dimethoate after bioremediation with X. campestris pv. Translucens): (V) hepatocellular hydropic degeneration. (c) Liver of Group 2 (rats treated with water containing methomyl after bioremediation by X. campestris pv. Translucens): (I) portal mononuclear cell infiltration. (d) Liver of Group 3 (rats treated with water containing X. campestris pv. Translucens alone without dimethoate or methomyl): (CO) sinusoidal congestion and (V) vacuolation. 
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Figure 4. (a) Kidneys of the control (untreated) group: (G) glomerulus and (T) renal tubules. (b) Kidneys of Group 1 (rats treated with water containing dimethoate after bioremediation by X. campestris pv. Translucens): (CS) cloudy swelling. (c) Kidneys of Group 2 (rats treated with water containing methomyl after bioremediation by X. campestris pv. Translucens): (PR) homogeneous acidophilic material in the lumen of renal tubules. (d) Kidneys of Group 3 (rats treated with water containing X. campestris pv. Translucens alone without dimethoate or methomyl): (V) vacuolation. 
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Table 1. Biodegradation rate constant and half-life values of dimethoate and methomyl after X.campestris pv. Translucens and A. fumigatus treatment, using high-performance liquid chromatography (HPLC) analysis.
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Treatments

	
Degradation Rate Constant (Day −1)

	
Half-Life (t1/2)

(Days)

	
R2






	
Dimethoate




	
X. campestris pv. Translucens

	
0.0437 a

	
15.86 a

	
0.91




	
A. fumigatus

	
0.0420 a

	
16.50 a

	
0.84




	
Methomyl




	
X. campestris pv. Translucens

	
0.0351 a

	
19.74 a

	
0.93




	
A. fumigatus

	
0.0272 b

	
25.48 b

	
0.93








According to Duncan’s multiple range test, means within the same row (in each parameter) carrying different superscripts (a,b) is significantly different (p < 0.05).
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Table 2. Effect of X. campestris pv. Translucens with and without dimethoate and methomyl on some biochemical parameters in rats.
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Treatment

	
AChE

(U/mL)

	
GPT

(U/mL)

	
GOT

(U/mL)

	
GST

(U/mL)






	
Dimethoate




	
D/X.c.pv. Translucens

	
0.0091 ± 0.001 a

	
19.03 ± 0.73 a

	
20.28 ± 0.16 a

	
0.0765 ± 0.001 a




	
X.c.pv. Translucens

	
0.0091 ± 0.001 a

	
19.04 ± 1.22 a

	
20.22 ± 0.61 a

	
0.0771 ± 0.001 a




	
Methomyl




	
M/X. campestris pv. Translucens

	
0.092 ± 0.0013 a

	
19.03 ± 0.74 a

	
19.93 ± 0.74 a

	
0.0775 ± 0.001 a




	
X. campestris pv. Translucens

	
0.091 ± 0.0011 a

	
19.05 ± 1.25 a

	
19.99 ± 1.25 a

	
0.0791 ± 0.001 a




	
Control

	
0.0091 ± 0.001 a

	
19.04 ± 0.68 a

	
20.29 ± 0.61 a

	
0.0781 ± 0.001 a








a letter mean there is no significant differences between treatments at p ≤ 0.05 according to Duncan’s multiple range test.
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