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Over the years, the use of pesticides in farming and metropolitan settings has increased tremendously. This has improved the productivity in agricultural practices, as well as enhanced the quality of life. On the other hand, the resulting buildup of pesticide residuals on water resources poses a health hazard to the marine ecology and living beings. As a result, the need to remediate the water resources has risen. There are several methods that are used for this process, bioremediation being one of them. Bioremediation process involves elimination of pollutants from the environment by use of an environmental friendly method. Bioremediation makes use of the naturally occurring or specifically bred bacteria to consume the pollutants in the water resources. It is important that the water is recycled in order to enhance the multiplication of the bacteria. Conversely, if the bacteria multiply at a rate that interferes with the pump and filtration of the water, the resource is partially emptied to control the number of bacteria. In the same line, it is important to maintain a steady chemistry in the water resources because abrupt changes could kill the bacteria. Bioremediation has been projected as an efficient environmental technology that could be used to eliminate pollutants in water resources. Although current research has innovated techniques to biodegrade pesticides occurring in low concentrations; this challenge still hinders exhaustive application of the bioremediation process.


Notably, natural bioremediation is a process that has been used inevitably for the treatment of waste water over the civilization period. Nevertheless, deliberate use of the method is a current innovation. The major reasons why the method is highly advocated for over other methods is because it is cost friendly, eco friendly as well as volatile. A complete bioremediation of the pesticides involves the breakdown of the original compound into carbon dioxide and water
 . The parameters to be regulated in the process include enzymes, acidity or alkalinity level, temperature and nutrients. There are two widespread systems that are applied` in bioremediation. Firstly, the pump and treat system. This system involves removing the polluted water from the underground reservoir. The water is then treated and then released appropriately. Secondly, the liquid delivery system which involves infusing water loaded with nutrients and electron donors into the underground resources.  The infused water degrades the pesticides in the polluted water.  Convectional bioremediation processes naturally targets exact pollutants that are highly concentrated, thus eliminating the limitation of low levels of pesticide concentration
.On the other hand, bioremediation of underground water resources have to target soluble pesticide filtrates. These are usually transported in the aqueous stages and they therefore occur at relatively low concentrations.  In addition, bioremediation is only effectual where the ecological conditions allow the multiplication and activity of the organisms. In some cases, although the microbial populace to eliminate the pesticides is available, the environmental factors may still limit the process. In such a case, the process requires external stimulations that allow the microbial multiplication and activity to occur at a higher rate
. In the same line, pesticide accumulation level in the water is domineered by other carbon residuals which occur in higher concentrations. As a result, pesticide pollutants degraders are obliged to compete with other convectional degraders for these filtrates, as well as maintain their degrading ability towards the pesticides
.


Despite being a relatively simple process that is environmental and cost friendly, the use of bioremediation process to remediate underground water resources has not been exhausted. This is mainly due to the challenge posed by minimal concentration levels of pesticides in the water resources. The “remediation trigger level” is considered as the minimum buildup above which, the need for bioremediation arises. However, for most pesticides, the threshold build up has not yet been established
. There are several physiological processes that can counter the limitation of low concentrations of the pesticide. 

First, there is the catabolic pathway process. It involves the breakdown of the pesticide molecules into smaller units. These units in turn accelerate the growth rate of the pesticide pollutant. Accordingly, the threshold concentration for bioremediation is surpassed. This method can be applied when the level of concentration is low or at threshold
. Secondly, the utilization of mixed substrate is applicable where the environmental factors can be regulated. This method was found effective after laboratory experiments proved that, the co-existence of indigenous microbial population and other organic substrates could either increase or decrease the activity rate of pesticides degraders. Nevertheless, the environmental scenarios for both results were differing
. 


Nevertheless, while the above two methods have been found useful, they have been found to cause undesirable results in the biodegradation process. For instance, the incomplete breakdown of the pesticides molecules leads to residual concentration of the pesticides. In addition, the processes sometimes yield pesticide biodegradation residuals in effluents
. Consequently, advanced innovations have seen to the invention of better methods. These methods are aimed at optimizing the rate as well as the level of biodegradation of pesticides which occur in low concentrations in underground water. Besides, they do not yield undesirable effects during the process
. These techniques are biougmentation and biostimulation.


Biostimulation involves recognizing and regulating specific physical and chemical parameters that may be limiting the rate of biodegradation of the pesticide pollutants. These parameters include temperature, pH and the nutrient content
. By doing so, the rate of activity of the biodegrading microorganisms is enhanced to a great extent. As a result, the microorganisms are able to break down pesticides pollutants which occur in low concentration
. Two innovations aimed at improving the effectiveness of this method have been suggested. First, the taxonomic richness approach; this technique involves maneuvering the taxonomic diversity of the degradation microorganisms in order to increase their biodegradation activity towards a wide range of pesticides
. Second, the use of biofilteration plants with a cycle of compartments in order to increase the oligotrophic zones. This is because the microbial community displays multiple catabolic genes under oligotrophic setups
. Resultantly, this diversity of genes would give the biodegradation microorganisms the ability to breakdown a wide range of pesticides pollutants. Besides, it would intensify the metabolic activity of the microorganisms
.


On the other hand, bioaugmentaion applies a microbiological technique. The method entails addition of addition of very concentrated and specific alien degraders into a contaminated water resource
. This move is aimed at enhancing the breakdown of target pesticide pollutants. This method is mostly applied where biostimulation is ineffective. Besides, it is faced by several limitations. To begin with, the microbial degraders must initially be put in isolation. The isolation is done under the basis of vital levels of biodegrading activity and structural form. They are then required to exploit the aimed pesticides occurring at low concentrations in diverse environmental settings. On the same note, the microbial degrader is expected to remain in the bioremediation compartment and carry out the biodegradation of the aimed pesticides over an extended period of time
.

It is evident that although the use of pesticides has improved agricultural yields and the quality of life in general, their toxicity poses a health hazard to human beings as well as marine ecosystem. Bioremediation steps in as a cost effective, eco-friendly and applicable method to remove pesticide pollutants in water resources. However, the occurrence of the pesticides in low concentrations raises a limitation for the bioremediation technique. To overcome this limitation, the catabolic pathway method has been used to increase the level of pesticide concentration. Additionally, mixing the pollutant with other substrate has been used to increase the activity of the biodegrades. However, these two methods have been found to yield incomplete breakdown of the pesticides thus causing filtrate concentrations and residuals in effluents. Better methods that are used to minimize the limitation of low levels of concentration of the pesticides during bioremediation include biostimulation and bioaugmentaion. Biostimulation involves addition of nutrients to the polluted water resources so as to stimulate the growth of native degrading organisms. Contrarily, Bioaugmentaion involves addition of very concentrated and specific alien degraders into a contaminated water resource to increase the biodegradation of particular pesticides. Although these two techniques are anticipated to curb the limitation of low pesticide concentrations in during bioremediation, this paper recommends that intensive research be carried out regarding them. This would lead to current innovations that would effectively and extensively optimize bioremediation, for low pesticides concentrated water.
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