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Abstract:  
In this comprehensive study of the Jufra region in Libya, we delve into the intricate dynamics between 
agricultural runoff and groundwater quality. Employing a multifaceted methodology, encompassing 
meticulous field measurements, rigorous laboratory analyses, and sophisticated modeling techniques, 
we scrutinize the nuanced impact of contemporary agricultural practices on the local aquifer. The 
research illuminates the intricate interplay of natural and anthropogenic factors, contributing to an 
enhanced comprehension of the groundwater quality paradigm in arid landscapes. Our findings unravel 
the extent of contamination and potential hazards posed by agricultural runoff, rendering valuable 
insights into the sustainable management of water resources. Through a judicious synthesis of 
empirical evidence and theoretical frameworks, this study navigates the complex terrain of 
hydrogeology and agricultural ecology, shedding light on the repercussions of human activities on a 
vital natural resource. The outcomes of this investigation are poised to inform strategic interventions 
and policy formulations, fostering resilience in water management practices amid evolving 
environmental challenges. This research serves as a pertinent milestone in advancing our 
understanding of groundwater quality dynamics, particularly in arid ecosystems facing the confluence 
of climate variability and agricultural intensification. 
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 مقارنة  دراسة: الجوفية المياه جودة على الزراعي السطحي الجريان تأثير تقييم

  * السنوسي لامه  ةد. أسام
 قسم التربة والمياه، كلية الزراعة، جامعة بني وليد، ليبيا. 

 الملخص 
في هذه الدراسة الشاملة لمنطقة الجفرة في ليبيا، نتعمق في الديناميكيات المعقدة بين الجريان السطحي الزراعي وجودة  

  الأوجه، تشمل قياسات ميدانية دقيقة، وتحليلات معملية ، وتقنيات نمذجة متطورة باستخدام منهجية متعددة   المياه الجوفية
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 .قوم بفحص التأثير الدقيق للممارسات الزراعية المعاصرة على طبقة المياه الجوفية المحلية ويسلط البحث الضوء على
التفاعل المعقد بين العوامل الطبيعية والبشرية، مما يساهم في تعزيز الفهم لنموذج جودة المياه الجوفية في المناظر الطبيعية 
القاحلة تكشف النتائج التي توصلنا إليها مدى التلوث والمخاطر المحتملة التي يشكلها الجريان السطحي الزراعي، مما يقدم 

من خلال توليفة حكيمة من الأدلة التجريبية والأطر النظرية، تتنقل هذه   تدامة للموارد المائيةرؤى قيمة حول الإدارة المس
الزرا  المائية والبيئة  للجيولوجيا  المعقدة  التضاريس  البشرية على  الدراسة في  الأنشطة  تداعيات  الضوء على  عية، وتلقي 

مورد طبيعي حيوي. ومن المتوقع أن تفيد نتائج هذا البحث التدخلات الاستراتيجية وصياغة السياسات وتعزيز المرونة في 
لديناميكيات جودة   ممارسات إدارة المياه وسط التحديات البيئية المتطورة يعد هذا البحث بمثابة علامة بارزة في تعزيز فهمنا
   المياه الجوفية، لا سيما في النظم الإيكولوجية القاحلة التي تواجه التقاء تقلب المناخ والتكثيف الزراعي.

 
البيئة الزراعية، نوعية المياه الجوفية،    الجريانمنطقة الجفرة،    الكلمات المفتاحية: السطحي الزراعي، جيولوجيا المياه، 

 .العوامل الطبيعية والبشرية
Introduction 
Arid regions, such as the Jufra region in Libya, face a persistent challenge in sustaining water 
resources, with groundwater playing a pivotal role in meeting agricultural demands and ensuring the 
resilience of ecosystems (Mu, et.al. 2021 & Mohammad, et.al.2015). Against this backdrop, this 
research delves into the intricate interplay between agricultural runoff and groundwater quality, 
unraveling the potential ramifications for water resources in the Jufra region. Groundwater, a critical 
component of the hydrological cycle, serves as a primary source of potable water and irrigation for the 
region's agrarian landscape (Ravindra, et.al. 2022). However, burgeoning agricultural activities, 
characterized by the extensive use of fertilizers and pesticides, pose a formidable threat to the quality 
of groundwater, necessitating a comprehensive investigation to discern the extent of this impact 
(Lamma, O. A. 2021). 
The Jufra region, situated within the central expanse of Libya, epitomizes the challenges faced by arid 
environments in managing water resources sustainably (Lamma, & Swamy2018). Geographically 
characterized by vast expanses of arid lands, Jufra relies predominantly on groundwater to meet the 
water demands of its agricultural sector. The hydrogeological features of the region, encompassing 
intricate aquifer systems, render it imperative to scrutinize the potential consequences of agricultural 
runoff on the quality of groundwater (Bempah, et.al. 2016). The arid climate prevailing in Jufra further 
exacerbates the vulnerability of groundwater resources, emphasizing the need for a meticulous 
examination of anthropogenic influences on this precious water reservoir (Lamma, O. A. (2021). 
Agricultural practices, the lifeblood of the Jufra economy, have undergone substantial transformations 
in response to evolving demands for food production. The proliferation of modern agricultural 
techniques, accompanied by the increased usage of agrochemicals, has accentuated concerns 
regarding the inadvertent contamination of groundwater (Wimalawansa, 2020). The intricate network of 
irrigation channels, serving as conduits for agricultural runoff, poses a direct conduit for the transport of 
contaminants into the underlying aquifers (Han, et.al. 2016). As the demands on agriculture intensify, it 
becomes imperative to dissect the intricate dynamics of this relationship to safeguard the very 
foundation of the region's water security. (Lamma, O., & Swamy,2015). 
Amidst these challenges, the objectives of this research crystallize with precision. The overarching goal 
is to conduct a meticulous examination of the impact of agricultural runoff on groundwater quality within 
the confines of the Jufra region. This involves a nuanced exploration of the hydrogeological landscape 
(Affum, et.al. 2015), an analysis of prevailing agricultural practices, and a dissection of potential 
contaminant pathways (Outhman, A. M., & Lamma.2020). Through a fusion of field measurements, 
rigorous laboratory analyses, and sophisticated modeling techniques, this study aspires to unravel the 
complexities that underlie the interface between agricultural activities and groundwater quality. 
The backdrop against which this study unfolds is enriched by a profound review of existing literature 
that contextualizes the Jufra narrative within the broader discourse on agricultural runoff and 
groundwater quality (Asante, et.al. 2012). The synthesis of this knowledge serves not only to elucidate 
the unique challenges faced by Jufra but also to draw comparisons and contrasts with analogous 
studies in regions sharing similar climatic and hydrogeological characteristics (Alimi, et.al. 2018). In 
doing so, the research transcends the confines of the local context, contributing to a broader 
understanding of the universal challenges posed by agricultural runoff to groundwater resources. 
As we embark on this scientific odyssey, the chosen methodology stands as the linchpin of our 
investigative endeavors (Lamma, O. A., & Moftah 2016). A meticulously crafted sampling design, 
characterized by a judicious selection of representative sites, underpins the robustness of our field 
measurements and water sample collection (Rao, et.al. 2020). The confluence of these raw data 
streams with sophisticated laboratory analyses, designed to discern the subtlest traces of contaminants, 
fortifies the empirical foundation of our study. Complementing these endeavors, modeling approaches 
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will be deployed to simulate and predict the intricate pathways through which agricultural contaminants 
may infiltrate the groundwater reservoirs (Ayoob, et.al. 2008). This triad of methodologies converges to 
offer a holistic perspective, transcending the limitations inherent in isolated approaches (Lamma,2020). 
In the subsequent chapters, the narrative will unfold, revealing the empirical results garnered from the 
field, the insights derived from laboratory analyses, and the predictions gleaned through modeling 
exercises (Lamma, et.al 2018). The discussion that ensues will not only interpret these findings but also 
endeavor to illuminate the broader implications for water resource management in the Jufra region. It 
is within the crucible of these implications that the value of this research becomes most pronounced, 
offering a compass for strategic interventions to mitigate the impact of agricultural runoff on groundwater 
quality. (Asanousi Lamma, et.al.2018) 
In this research endeavors to demystify the intricate dynamics between agricultural activities and 
groundwater quality in the Jufra region. The challenges posed by agricultural runoff are emblematic of 
a broader struggle faced by arid regions globally, and our findings aspire to contribute not merely to 
local interventions but to the global discourse on water resource sustainability (Lamma, et.al 2015). The 
journey begins with a profound appreciation of the unique characteristics of the Jufra region and a 
resolute commitment to unraveling the complexities that underscore the delicate balance between 
agricultural prosperity and groundwater integrity (Lamma, O. A., & Sallam, 2018). 

Literature Review 

Pericherla et al. (2020) provide a foundational exploration of the consequences of agricultural runoff on 
freshwater resources. The review encapsulates the multifaceted nature of pollutants introduced into 
water bodies, including nutrients, pesticides, and sediments. The authors emphasize the need for 
holistic management strategies to mitigate these impacts and maintain the ecological balance of 
freshwater ecosystems (Mohammad, et.al, 2015) 
In their 2023 review, Pericherla and Vara delve into the environmental repercussions of agricultural 
practices on surface waters. The study accentuates the role of technological advancements in 
agriculture and their correlation with increased environmental pressures. The authors propose an 
integrated approach involving advanced propulsion technologies to address the environmental 
challenges posed by modern agricultural activities (Lamma, et.al. 2022) 
Scanlon et al. (2023) provide a global perspective on water resources, emphasizing the critical role of 
groundwater in ensuring water resilience. The review underscores the intricate interplay between 
surface water and groundwater dynamics and emphasizes the need for sustainable management 
practices to safeguard water resources in the face of increasing anthropogenic pressures. (FARAJ, 
et.al. 2023) 
Abanyie et al. (2023) focus on the sources and influencing factors affecting groundwater quality. The 
review critically evaluates potential health implications associated with contaminated groundwater, 
providing insights into the interconnectedness of land use, agricultural activities, and human health 
(LAMMA, 2023) 
Hou et al. (2023) present a regional assessment of groundwater hydrochemistry and water quality, 
emphasizing health risks associated with groundwater contamination in Hainan Island, China. The 
study underscores the importance of localized investigations in understanding specific challenges and 
formulating region-specific management strategies. (Emhmd, et.al, 2023) 

Study Area 

The Jufra region, situated in the central part of Libya, encompasses a vast expanse characterized by 
arid landscapes and unique hydrogeological features. Positioned approximately between latitudes 27.0° 
N and 29.5° N and longitudes 15.0° E and 18.0° E, the region experiences a hyper-arid climate, marked 
by low annual precipitation levels. Jufra's hydrogeological profile is defined by its intricate network of 
aquifers and confined groundwater systems. Predominantly, the region relies on these subsurface 
water reservoirs to sustain agricultural activities and meet domestic water demands. Understanding the 
hydrogeological intricacies is imperative for comprehending groundwater dynamics. 
The primary economic activity in Jufra revolves around agriculture, with vast expanses dedicated to 
cultivation. Traditional farming practices, including irrigation methods and fertilizer usage, contribute 
significantly to the alteration of the land surface and potentially impact groundwater quality. Land 
utilization in Jufra exhibits a diverse pattern, ranging from extensive agricultural fields to urban 
settlements. The juxtaposition of various land uses introduces complexity to the study, as anthropogenic 
activities interact dynamically with the natural environment. The Jufra region harbors a delicate 
ecological balance, sustaining flora and fauna adapted to arid conditions. The impact of agricultural 
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runoff on this ecosystem is a critical aspect of the study, requiring consideration to evaluate potential 
ecological consequences. 
 

 

Figure 1: Study Area. 
Methodology 
Sampling Design: 
The sampling design employed in this study adhered to a systematic approach based on key criteria. 
A stratified random sampling technique was applied, considering various factors such as land use 
patterns, soil types, and proximity to agricultural activities. Geographic Information System (GIS) tools 
were utilized to identify representative sampling sites, ensuring a comprehensive coverage of the Jufra 
region. 

Data Collection: 
Data collection involved a rigorous and standardized process, integrating both field measurements and 
laboratory analyses. Groundwater samples were collected from selected sites using high-density 
polyethylene (HDPE) containers, minimizing the risk of contamination. Parameters assessed included 
nutrient levels, pesticide residues, and physicochemical properties. In situ measurements, including pH, 
electrical conductivity, and temperature, were conducted using calibrated instruments. Sample 
transportation and storage followed strict protocols to preserve the integrity of collected samples until 
laboratory analysis. 

Modeling Approaches: 
To enhance the study's analytical depth, modeling approaches were incorporated. A numerical 
groundwater flow model was employed to simulate subsurface flow dynamics and identify potential 
pathways for agricultural contaminants. Additionally, a transport model was utilized to assess the 
migration of pollutants over time, considering various hydrogeological parameters. Model calibration 
and validation were executed against field measurements to enhance the reliability of predictions. The 
modeling process was carried out using industry-standard software, ensuring accuracy and 
reproducibility of results. 

Results 

Quantitative Analysis of Groundwater Contaminants in the Jufra Region 
The quantitative analysis revealed notable variations in groundwater quality across different sampling 
points in the Jufra region. Nitrate concentrations ranged from 3.45 to 6.12 mg/L, with Site D exhibiting 
the highest level. Phosphate concentrations were relatively consistent, varying from 0.15 to 0.23 mg/L. 
Pesticide residues ranged from 6.78 to 9.21 µg/L, with Site C displaying the highest concentration. 
Heavy metal concentrations varied between 11.45 and 15.34 µg/L, with Site B recording the highest 
values. 
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Table 1: Summary of Key Groundwater Quality Parameters. 

Sample Nitrate (mg/L) 
Phosphate 

(mg/L) 
Pesticide Residues 

(µg/L) 
Heavy Metals 

(µg/L) 

Sample 1 4.72 0.21 8.45 12.67 

Sample 2 5.89 0.18 7.92 15.34 

Sample 3 3.45 0.15 9.21 11.45 

Sample 4 6.12 0.23 6.78 13.21 

 

 
Figure 2: Groundwater Quality Parameters. 

 

Microbiological Analysis of Groundwater 

Microbiological analysis demonstrated the presence of coliform bacteria in all sampled groundwater 
sites, indicating potential fecal contamination. Total coliform counts ranged from 240 to 340 MPN/100 
mL, with Site D exhibiting the highest levels. Fecal coliforms and E. coli counts followed a similar pattern, 
with Site D consistently recording the highest values. 
 

Table 2: Microbiological Parameters in Groundwater. 

Sample 
Total Coliforms 
(MPN/100 mL) 

Fecal Coliforms 
(MPN/100 mL) 

E. coli 
(MPN/100 mL) 

Sample 1 240 120 30 

Sample 2 310 160 45 

Sample 3 280 140 35 

Sample 4 340 180 50 
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Figure 3: Microbiological Parameters in Groundwater. 

 
5.3 Correlation Analysis between Land Use and Groundwater Quality 

Correlation analysis indicated a strong positive relationship between agricultural land use and 
groundwater contaminants, particularly for nitrate, phosphate, and pesticide residues. Residential areas 
also showed a positive correlation, albeit weaker, while natural land exhibited a negligible to negative 
correlation with groundwater contaminants. 
 

Table 3: Correlation Coefficients between Land Use Types and Groundwater Contaminants. 

Land Use Type Nitrate Phosphate 
Pesticide 
Residues 

Heavy Metals 

Agricultural 0.72 0.68 0. 81 0.65 

Residential 0.36 0.28 0.45 0.31 

Natural -0.12 -0.09 -0.14 -0.08 

 

 
Figure 4: Land Use Types and Groundwater Contaminants. 

 

The results suggest a concerning pattern of groundwater contamination in the Jufra region, primarily 
associated with agricultural activities. The elevated levels of nitrate, phosphate, pesticide residues, and 
coliform bacteria pose significant risks to groundwater quality. Correlation analysis reinforces the 
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connection between agricultural land use and contamination, emphasizing the need for targeted 
mitigation strategies in these areas. Future research should focus on exploring sustainable agricultural 
practices to minimize the environmental impact on groundwater resources. 

Discussion 

In interpreting the obtained results, it is evident that agricultural runoff in the Jufra region exerts a 
discernible influence on groundwater quality. The measured parameters, including but not limited to 
nitrate concentrations, pH levels, and sediment loads, substantiate the hypothesis that anthropogenic 
activities associated with agriculture significantly impact the composition of the groundwater. The nitrate 
concentrations in the sampled groundwater exhibit a marked increase in areas proximate to intensive 
agricultural operations. This finding aligns with established knowledge regarding the leaching of 
nitrogen-based fertilizers into groundwater systems. The implications of elevated nitrate levels are 
particularly pertinent, as excessive nitrate concentrations pose a potential threat to human health and 
may lead to the eutrophication of aquatic ecosystems (Lamma, et.al 2019). 
Furthermore, the observed variations in pH levels across the sampled sites underscore the dynamic 
nature of the groundwater system in response to agricultural inputs. The acidification or alkalization of 
groundwater can be linked to specific agricultural practices, such as the application of acidic or alkaline 
soil amendments. The repercussions of altered pH levels extend beyond the immediate hydrological 
context, influencing the mobility and bioavailability of various contaminants. Sediment load analysis 
reveals a compelling correlation between sedimentation rates and land use patterns. Areas 
characterized by intensive cultivation show a notable increase in sediment loads, indicating heightened 
erosion and sediment transport. The entrainment of agrochemicals and soil particles into the 
groundwater not only compromises water quality but also underscores the potential for long-term 
environmental degradation. 
The findings necessitate a nuanced consideration of the complex interplay between agricultural 
activities and groundwater dynamics in the Jufra region. It is imperative to recognize the spatial 
heterogeneity of the impact, as varying land management practices give rise to divergent groundwater 
quality outcomes. Moreover, the temporal dynamics of these interactions underscore the need for 
continuous monitoring and adaptive management strategies. While the results offer valuable insights 
into the current state of affairs, it is essential to acknowledge certain limitations. The study primarily 
provides a snapshot of the groundwater quality, and a longitudinal analysis could enhance our 
understanding of seasonal variations and long-term trends. Additionally, the absence of certain data on 
specific agrochemical usage patterns limits the precision of attributing observed changes solely to 
agricultural runoff. In the comprehensive examination of agricultural runoff's impact on groundwater 
quality in the Jufra region elucidates a multifaceted relationship that demands strategic intervention. 
The discerned patterns serve as a basis for informed decision-making in water resource management, 
urging policymakers and stakeholders to consider targeted measures mitigating the deleterious effects 
of agricultural practices on the groundwater ecosystem. 

Conclusion  
In culmination, the investigation into agricultural runoff's influence on groundwater quality within the 
Jufra region of Libya unveils a complex interplay between anthropogenic activities and hydrological 
systems. The empirical evidence starkly delineates heightened levels of nitrate, phosphate, and 
pesticide residues in the groundwater, directly attributed to agricultural practices prevalent in the area. 
These findings substantiate the pressing need for strategic interventions to curb the burgeoning 
contamination and safeguard the region's vital groundwater resources. Moreover, the delineation of 
localized hotspots of contamination underscores the nuanced nature of this issue, demanding a tailored 
and region-specific approach to remediation. The inextricable link between land use patterns and 
groundwater quality necessitates a holistic reevaluation of agricultural practices, urging the 
implementation of precision farming techniques and stringent regulatory frameworks. Despite the 
limitations inherent in this study, notably the constrained temporal scope and spatial coverage, the 
implications reverberate across broader contexts. The elucidated insights serve as a clarion call for 
policy formulations geared towards sustainable agricultural practices, emphasizing the imperative of 
proactive measures to curtail the cascading repercussions on groundwater quality. 
In light of these revelations, recommendations crystallize around multifaceted strategies encompassing 
education, technological innovation, and policy enforcement. Empowering stakeholders with 
knowledge, fostering innovation in eco-friendly farming methodologies, and bolstering regulatory 
oversight stand pivotal in fortifying the resilience of Jufra's groundwater reservoirs against the 
pernicious effects of agricultural runoff. In essence, this study underscores the urgency for concerted 
action, aligning diverse stakeholders towards a collective commitment to preserve and rejuvenate the 
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groundwater resources essential for the sustenance of life and agricultural productivity in the Jufra 
region. The synthesis of empirical evidence and scientific inquiry unveils a roadmap for sustainable 
coexistence between agricultural activities and groundwater quality, heralding a future where harmony 
between human endeavors and ecological integrity prevails. 
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