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ABSTRACT 

 

The National Industrial Zone, RCCI Rawat, Pakistan, houses multiple industries, 

contributing to the release of industrial effluent into adjacent aquatic environments. These 

compounds have demonstrated ecotoxicological impacts on aquatic organisms, and 

disruptions in the ecological balance of aquatic environments. Understanding the 

occurrence, distribution, and ecological risks associated with pharmaceutical compounds 

in the industrial effluent is crucial for effective environmental management and water 

resource protection. This research aims to address this knowledge gap by investigating the 

detection and ecological risk Assessment of selected pharmaceutical compounds 

(Ciprofloxacin, Levofloxacin, Cefixime, Cefoperazone and Ceftriaxone) in industrial 

effluent within the National Industrial Zone, RCCI Rawat, Pakistan. Selected PCs in 

effluent and in surface water (Ling Stream) were analyzed through Liquid Chromatography 

(LC) and UV-Detector. Cefixime fund at high concentration in effluent (173.53-380.9 µg/L 

followed by Cefoperazone (111.06-320.3 µg/L), Ciprofloxacin (67.72-212.55 µg/L), 

Levofloxacin (47.71-80.45 µg/L) were detected at medium concentration and Ceftriaxone 

(7.1-15.06 µg/L) at lowest level. The concentration of PCs (Ciprofloxacin, Levofloxacin, 

cefixime and ceftriaxone) in Surface water (Ling stream) were (2.47 – 7.22 µg/L), (1.92 – 

3.73 µg/L), (0.00 – 9.94 µg/L) and (2.80 – 9.00 µg/L) respectively. Ecological risk 

Assessment were conducted against several freshwater species. Risk quotient in case of 

Ciprofloxacin (247 – 722) and Levofloxacin (192 – 373) Pharmaceutical compounds were 

highest against Green Algae greater than 1.0 that is and made high risk against the species. 

And Risk quotient of ciprofloxacin and levofloxacin for Fish and Daphnia were too low 

and less the 1.0.  The RQ value was determined for Cefixime (156.5 – 248.5) against 

Bacteria (P. putida) pose high level risk against the species. The conducted ecological risk 

Assessment using the Risk Quotient (RQ, the potential impact on the aquatic environment 

of Ling stream, revealing significant variations in pharmaceutical compound 

concentrations and highlighting the limitations of current wastewater treatment processes 

in removing these compounds. In conclusion, this research addresses the need for improved 

treatment technologies and environmental management.  
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                                                            CHAPTER 1  

 

                                                        INTRODUCTION 

 

The emergence of Pharmaceutical compounds in the environment has garnered 

considerable attention during modern times (Papagiannaki et al., 2022). A variety of active 

pharmaceutical ingredients (APIs), metabolites, and transformation products constitute 

these compounds, which have been identified in multiple environmental compartments, 

such as surface water, groundwater, and sediments. The discharge of effluent from 

Pharmaceutical manufacturing facilities, healthcare facilities, and domestic wastewater is 

the predominant origin of Pharmaceutical compounds in the environment (Gadipelly et al., 

2014). 

The RCCI Rawat, Pakistan's National Industrial Zone, is a significant industrial region that 

encompasses a variety of industries. The aforementioned sectors, encompassing 

Pharmaceutical production facilities, chemical processing plants, and healthcare 

institutions, are responsible for producing industrial effluent that are released into adjacent 

aquatic environments (Ngwuluka et al., 2011). The release of untreated or insufficiently 

treated effluent that contain Pharmaceutical compounds into the environment can result in 

unfavorable ecological outcomes, which can impact the well-being of aquatic organisms 

and the overall health of the ecosystem (Edokpayi et al., 2017). 

It has been observed that pharmaceutical compounds demonstrate ecotoxicological impacts 

on aquatic organisms, even at concentrations that are considered low. The impacts may 
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encompass alterations in conduct, stunted development, reproductive anomalies, and 

perturbations to the inherent equilibrium of aquatic environments. The environmental 

persistence, bioaccumulation, and transformative potential of Pharmaceutical compounds 

have elicited apprehension regarding their enduring effects and potential hazards to human 

health via the ingestion of contaminated water or aquatic organisms (Ferrari et al., 2003). 

Understanding the occurrence, distribution, and ecological risks associated with 

pharmaceutical compounds in the industrial effluent of the National Industrial Zone, RCCI 

Rawat, Pakistan, is crucial for effective environmental management and the protection of 

water resources. This research addresses this knowledge gap by investigating the detection 

and ecological risk Assessment of selected pharmaceutical compounds in industrial 

effluent within this industrial zone. By gaining insights into the presence, concentrations, 

and potential ecological impacts of these compounds, it will be possible to develop 

strategies and measures to minimize their environmental impacts and ensure the 

sustainability of water resources in the region (Abdudeen et al., 2023). 

The focus on the National Industrial Zone, RCCI Rawat, Pakistan, highlights the relevance 

and significance of studying pharmaceutical compounds' detection and ecological risk 

Assessment in this area. The subsequent sections of this thesis will delve into the problem 

statement, objectives, and significance of the research, followed by a comprehensive 

literature review, methodology, results, and discussions (Ahmad et al., 2020) 
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1.1 Background 

The Pharmaceutical industry in Pakistan is experiencing a robust growth, exhibiting an 

annual expansion rate of 10%. In addition to its growth, this industry is found to be non-

compliant with environmental regulations by discharging its effluent into the domestic 

wastewater system. The study aimed to investigate the presence and ecological risk 

assessment of 11 Pharmaceutical compounds from diverse therapeutic classes in 

pharmaceutical industry wastewater and receiving environmental matrices, including 

sludge, solid waste, and soil samples near pharmaceutical formulation units. This was 

undertaken due to the scarcity of information regarding the prevalence of Pharmaceutical 

compounds in Pakistani environmental matrices (Ashfaq et al., 2017). The concentrations 

of ciprofloxacin, enrofloxacin, and levofloxacin were observed in wastewater samples 

collected from two regions, namely Kahuta and Hattar. The results indicated that the 

concentrations of these antibiotics were slightly elevated in the Kahuta region (58, 32.9, 

and 36.7 µg/L, respectively) as compared to the Hattar region (42.1, 41.2, and 48.9 µg/L, 

respectively). The concentrations of Ciprofloxacin, Enrofloxacin, and Levofloxacin in 

samples of sludge were found to be significantly greater in the Hattar region (159, 153, and 

164 µg kg-1, respectively) as compared to the Kahuta region (129, 58, and 91 µg kg-1, 

respectively). The utilization of Fluoroquinolones in the healthcare industry has resulted in 

the emergence of water pollution, thereby presenting an ecological apprehension to aquatic 

organisms (Riaz et al., 2017). Most of the indicators used to measure water quality in the 

nation surpassed the National Environmental Quality Standards established by the country. 

The presence of these contaminants has the potential to cause adverse effects on the 

composition of the soil, the quality of groundwater, and the ecosystems of freshwater 

habitats (Hussein et al., 2011). A study examined the quality of groundwater and surface 
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water in Rawalpindi with regards to potential contamination by hazardous substances, as 

well as the associated risk assessment for both drinking and agricultural purposes. This 

study involved the collection of 30 groundwater samples, 27 samples of surface water from 

River Soan, and 21 samples of wastewater. Each sample was analyzed for the presence of 

potentially hazardous elements and its physiochemical characteristics were measured. 

Based on the available data, it can be observed that the physiochemical parameters and 

potentially hazardous elements contaminations were found to be at their lowest levels in 

groundwater (Khan et al., 2019). Many Pharmaceutical industries produce effluent 

containing toxic metals, reagents, chemical catalysts, and organic compounds (Javed et al., 

2021). The present investigation centered on the detection and evaluation of potential 

hazards posed by 52 pharmaceutical and personal care products belonging to diverse 

categories in water and sediment specimens obtained from the urban drains and canals of 

Lahore. Non-steroidal anti-inflammatory medications were identified as the predominant 

pharmaceutical compound in wastewater from urban drains and surface water from canals. 

Acetaminophen exhibited the highest concentration among the substances analyzed, with 

a median concentration of 13,880 ng/L (Ashfaq et al., 2019). The introduction of novel 

pollutants, including antibiotics, into the environment is a matter of apprehension for both 

environmental advocates and decision-makers.  

The present study aimed to investigate the presence and real-world situation analysis of 

selected antibiotics in wastewater channels of Rawalpindi/Islamabad, Pakistan, through 

detection and quantification methods. The results indicate that Ciprofloxacin exhibited the 

highest concentration (332.154 µg/mL) among the tested substances, with Ofloxacin, 

Ampicillin, Levofloxacin, and Sulfamethoxazole following in descending order. The 
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results of the study indicate the existence of antibiotics resulting from unselective 

utilization, potentially leading to the development of resistant strains and consequent 

dissemination of antibiotic resistance (Zafar et al., 2021). The results indicate that 

Faisalabad exhibited the highest concentration of antibiotics, with a mean value of 13.8 

ng/L. Gujrat followed with a concentration of 7.8 ng/L, while Lahore, Quetta, 

Rawalpindi/Islamabad, and Peshawar exhibited mean concentrations of 4.04 ng/L, 3.9 

ng/L, 2.29 ng/L, and 2.03 ng/L, respectively. The outcomes of the study indicate that 

Tigecycline and ciprofloxacin were the prevailing antibiotics detected in groundwater, with 

mean concentrations of 21.3 ng/L and 18.2 ng/L, correspondingly. The results of the spatial 

distribution analyses indicate that Faisalabad, which is widely recognized as the industrial 

hub of the country, exhibits the highest levels of groundwater pollution. The dominant 

antibiotic classes detected in the groundwater include quinolones (excluding flumequine), 

-Lactams, tetracyclines, sulfonamides, and amphenicols, which are indicative of elevated 

levels of human and veterinary medication usage within the city (Zainab et al., 2021). 

1.2 Literature Review 

The discharge of industrial effluent, encompassing the wastewater produced by 

manufacturing plants, pharmaceutical industries, and associated operations, has been 

acknowledged as a noteworthy contributor to the presence of pharmaceutical compounds 

in the environment. Pharmaceutical compounds are frequently present in effluent because 

of improper disposal practices, and inadequate treatment processes, leading to residual 

amounts. Consequently, these chemical compounds are introduced into aquatic 

environments via the discharge of wastewater, which may result in unfavorable ecological 

consequences (Gadipelly et al., 2014). 
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The potential impacts of pharmaceutical compounds on aquatic organisms and ecosystem 

health are a cause for concern, given their presence in industrial effluent. These chemical 

substances have been identified in diverse aquatic environments globally, encompassing 

inland waterways, freshwater reservoirs, and oceanic regions. Pharmaceutical compounds, 

upon being discharged into the environment, have the potential to endure, accumulate in 

living organisms, and cause prolonged impacts on both aquatic and terrestrial organisms 

that rely on water resources. The presence of Pharmaceutical compounds in the 

environment has the potential to cause ecological disturbances, impact biodiversity, and 

jeopardize the overall health and stability of ecosystems (Grenni et al., 2018). 

Comprehending the origins, destiny, and ecological ramifications of pharmaceutical 

compounds present in industrial effluent is of paramount importance for the purpose of 

efficient environmental management and safeguarding. There is a current endeavor to 

establish reliable detection techniques and monitoring initiatives aimed at evaluating the 

magnitude of pharmaceutical pollution in wastewater effluent. Furthermore, 

ecotoxicological investigations and risk evaluations are being carried out to assess the 

possible hazards that may be caused by these substances to aquatic organisms and 

ecosystems (Chapman et al., 1998). 

The present literature review aims to explore the current state of knowledge and research 

pertaining to pharmaceutical compounds present in industrial effluent. The present study 

aims to investigate the origins and routes of pharmaceutical contamination, the subsequent 

behavior and movement of these substances within the environment, and the consequential 

ecological ramifications that have been observed in aquatic ecosystems. This review seeks 

to identify research gaps, limitations, and potential areas for further investigation in the 
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field of pharmaceutical compound detection and ecological risk Assessment through a 

synthesis of the current literature. 

The term "Pharmaceutical compounds" refers to a diverse group of chemical substances 

that are purposefully designed and formulated for medical or therapeutic applications 

(Nelson et al., 2017). These compounds serve as the active agents in pharmaceutical 

products and play a crucial role in diagnosing, preventing, treating, or alleviating symptoms 

of various diseases. Pharmaceutical compounds can be classified into different types based 

on their therapeutic properties, chemical structure, mode of action, and intended use 

(Abubakar et al., 2020).  

Pharmaceutical contamination in industrial effluent arises from a variety of sources within 

the manufacturing and healthcare sectors. Pharmaceutical manufacturing facilities 

contribute to the contamination through the production, formulation, and packaging 

processes of medications. During these processes, the incomplete utilization or disposal of 

raw materials, intermediates, and final products can lead to the release of pharmaceutical 

compounds into wastewater. Spillages, leaks, or improper handling of pharmaceutical 

substances within manufacturing units can also contribute to contamination. The presence 

of pharmaceutical compounds in industrial effluent from healthcare facilities, such as 

hospitals and clinics, is primarily attributed to the disposal of unused or expired 

medications and the excretion of pharmaceutical residues by patients receiving treatment. 

These healthcare-related sources add to the complexity of Pharmaceutical contamination 

in industrial effluent and highlight the need for effective management strategies (Gadipelly 

et al., 2014). 
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The pathways through which pharmaceutical compounds enter industrial effluent can be 

diverse and multifaceted. One of the primary pathways is through direct wastewater 

discharges from pharmaceutical manufacturing plants or healthcare facilities. Wastewater 

streams generated during production processes, cleaning procedures, and patient care 

activities can carry pharmaceutical compounds into the effluent streams. Additionally, 

improper disposal practices, such as flushing unused medications down the drain or toilet, 

contribute to the direct entry of Pharmaceutical compounds into the wastewater system. 

(Pal et al., 2014). 

The transport of Pharmaceutical compounds in the environment occurs through various 

pathways, including surface water, groundwater, and atmospheric deposition (Ritter, 2002). 

Surface runoff and drainage systems can transport pharmaceutical compounds from 

contaminated soils or agricultural areas into nearby rivers, lakes, or estuaries. Groundwater 

contamination can occur when pharmaceutical compounds infiltrate the soil and leach into 

the groundwater, potentially affecting drinking water sources. The fate and transport of 

Pharmaceutical compounds in the environment are complex phenomena influenced by 

chemical properties, environmental conditions, and hydrological processes (Tong et al., 

2022). 

Understanding the fate and transport of pharmaceutical compounds in the environment is 

essential for assessing their potential impacts on ecosystems and human health. These 

compounds can be distributed widely, potentially exposing aquatic organisms, wildlife, and 

even humans. The persistence and long-range transport of pharmaceutical compounds 

raises concerns about their ability to accumulate in organisms, potentially leading to 

bioaccumulation and biomagnification in food chains. Furthermore, the fate and transport 
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of pharmaceutical compounds can vary depending on the specific compound, 

environmental conditions, and other chemicals or contaminants. Therefore, investigating 

the fate and transport of Pharmaceutical compounds in different environmental 

compartments and ecosystems is crucial for assessing their ecological risks and designing 

effective strategies for their detection, monitoring, and mitigation in industrial effluent 

(Gavrilescu et al., 2015). 

Pharmaceutical compounds can directly affect aquatic organisms, ranging from acute to 

chronic impacts. Many pharmaceuticals are designed to target specific receptors or 

biological pathways in humans or animals, but similar targets may exist in aquatic 

organisms. The direct effects of Pharmaceutical compounds can occur at various levels of 

biological organization, from individual organisms to entire populations (Frye et al., 2012). 

Pharmaceutical compounds can also indirectly affect aquatic ecosystems by altering the 

ecological interactions and dynamics within these systems. For instance, the presence of 

Pharmaceutical in water bodies can affect the feeding behaviors of aquatic organisms, 

leading to changes in predation patterns and trophic cascades. Additionally, Pharmaceutical 

compounds can influence the composition and structure of microbial communities, 

disrupting critical ecological processes such as nutrient cycling or decomposition. The 

indirect effects of Pharmaceutical compounds can propagate through the food web, 

impacting higher trophic levels and potentially altering aquatic ecosystems' overall 

functioning and stability (Mor et al., 2022). 

The widespread use of antibiotics, both in human medicine and agriculture, has led to the 

emergence of antibiotic-resistant bacteria. Pharmaceutical compounds containing 

antibiotics can enter aquatic ecosystems through wastewater discharges, contributing to the 
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selection and proliferation of antibiotic-resistant bacteria in the environment. Moreover, 

the loss of sensitive bacterial populations due to the selective pressure of antibiotics can 

disrupt essential ecological functions bacteria perform, such as nutrients.  

Pharmaceutical compounds' ecological impacts on aquatic ecosystems are crucial for 

effective environmental management and conservation. It highlights the importance of 

implementing proper wastewater treatment methods, promoting responsible 

pharmaceutical disposal practices, and considering the potential ecological risks when 

designing and using pharmaceutical compounds. Additionally, studying the specific 

impacts of different Pharmaceutical compounds and their interactions in aquatic 

ecosystems is essential for developing mitigation strategies and regulations to minimize 

their ecological footprint (Khan et al., 2020). 

The ecological impacts of pharmaceutical compounds on aquatic ecosystems can have 

implications for providing essential ecosystem services. For instance, the contamination of 

water bodies with pharmaceutical can affect the quality and availability of freshwater 

resources. This can affect human activities dependent on clean water, such as agriculture, 

industry, and drinking water supply. Additionally, the loss or impairment of biodiversity 

and ecological processes caused by pharmaceutical compounds can compromise the ability 

of aquatic ecosystems to provide other essential services, such as nutrient cycling, water 

purification, and flood regulation. Mitigating the ecotoxicological effects of 

Pharmaceutical compounds on ecosystem services is crucial for the sustainable 

management and conservation of aquatic ecosystems (Reid et al., 2019). 
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1.2.1 Environmental concerns in The National Industrial Zone, located in RCCI 

Rawat, Pakistan   

The National Industrial Zone, located in RCCI Rawat, Pakistan, is a significant industrial 

hub that plays a vital role in economic development (Liu et al., 2021). However, this zone's 

rapid industrialization and expansion of industrial activities have raised several 

environmental concerns. One primary concern is the discharge of industrial effluent 

containing various pollutants, including pharmaceutical compounds, into the surrounding 

environment. The improper management and treatment of these effluent pose risks to 

nearby ecosystems, particularly aquatic ecosystems, as they can become contaminated with 

pharmaceutical residues and other harmful substances. Releasing Pharmaceutical 

compounds into the environment can harm water quality, soil health, and biodiversity. 

These compounds can accumulate in water bodies, affecting the resident flora and fauna 

and potentially disrupting the ecological balance. Moreover, the contamination of 

groundwater sources can impact the availability of clean drinking water, posing risks to 

human health (Fida et al., 2022). The National Industrial Zone in RCCI Rawat, therefore, 

requires careful attention to ensure the implementation of effective environmental 

management practices, including the proper treatment and disposal of industrial effluent, 

in order to mitigate the environmental concerns associated with Pharmaceutical compound 

contamination and safeguard the surrounding ecosystems and public health (Landrigan et 

al., 2020). 

The National Industrial Zone in RCCI Rawat, Pakistan, is characterized by various 

industrial activities, including pharmaceutical manufacturing, chemical processing, and 

other industrial processes. These activities often involve using and producing hazardous 

substances, which can pose significant environmental risks if not properly managed. 
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Inadequate waste management practices, such as the improper handling and disposal of 

industrial waste and by-products, can result in soil and water pollution and air pollution 

through emissions. The release of pollutants into the environment can have far-reaching 

consequences, impacting not only the immediate surroundings but also downstream 

ecosystems and communities. Therefore, it is crucial to address the environmental concerns 

in the National Industrial Zone to prevent further degradation of the natural environment 

and to ensure sustainable industrial development (Misra et al., 2005). 

The presence of pharmaceutical compounds in the industrial effluent of the National 

Industrial Zone raises specific environmental concerns. Even at low concentrations, 

pharmaceutical compounds can adversely affect aquatic organisms and ecosystems. The 

release of these compounds into water bodies can contaminate surface water and 

groundwater sources. As water resources are essential for agriculture, drinking water 

supply, and maintaining ecological integrity, their pollution can have significant 

implications for the local communities and the environment. Furthermore, the persistence 

of pharmaceutical compounds in the environment and their potential to bioaccumulate in 

organisms highlight the need for proactive measures to mitigate their ecological impacts. 

Implementing appropriate treatment technologies, improving waste management practices, 

and monitoring the effluent discharge from industrial facilities are crucial steps to minimize 

the environmental risks associated with pharmaceutical compounds in the National 

Industrial Zone. 

In addition to the contamination of water bodies, the National Industrial Zone in RCCI 

Rawat is also susceptible to air pollution concerns. Industrial activities, such as combustion 

processes, chemical reactions, and exhaust emissions, can release various pollutants into 



13 
 

the atmosphere. These pollutants include volatile organic compounds (VOCs), particulate 

matter, and toxic gases, which can contribute to air pollution and adversely affect air quality 

and human health. The emission of air pollutants from the industrial zone can lead to the 

formation of smog, contribute to respiratory diseases, and negatively impact local 

ecosystems and vegetation. Therefore, implementing stringent air pollution control 

measures, promoting the use of cleaner technologies, and monitoring air quality are crucial 

for minimizing the environmental impact of industrial activities in the National Industrial 

Zone (Kampa et al., 2008). 

To address the environmental concerns in the National Industrial Zone, collaborative 

efforts between the government, industries, and relevant stakeholders are essential. It is 

important to establish and enforce stringent environmental regulations and standards that 

govern industrial practices, waste management, and emissions control. The implementation 

of pollution prevention and control measures, such as the adoption of cleaner production 

technologies and the promotion of sustainable practices, can help minimize the 

environmental footprint of industrial activities. Raising awareness among industries and 

the local community about the importance of environmental conservation and sustainable 

development is crucial for fostering a culture of environmental responsibility and ensuring 

long-term environmental sustainability in the National Industrial Zone, RCCI Rawat, 

Pakistan (Tseng et al., 2013). 

Industrial effluent can pose several potential environmental risks due to their composition 

and discharge into the environment. Water pollution can have detrimental effects on aquatic 

ecosystems, leading to the loss of biodiversity, the disruption of ecological processes, and 
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the impairment of water resources for various purposes such as drinking water supply, 

agriculture, and aquatic habitats (Munter et al., 2003). 

The pollutants present in the effluent can accumulate in the soil, potentially affecting soil 

fertility, microbial communities, and plant growth. Contaminated soil can also pose risks 

to human health if the pollutants enter the food chain through the consumption of 

contaminated crops or grazing animals (Murtaza et al., 2010). Some industrial effluent 

release volatile organic compounds (VOCs), particulate matter, or toxic gases into the 

atmosphere, contributing to air pollution. Emissions from industrial processes can lead to 

the formation of smog, contribute to the depletion of the ozone layer, and release 

greenhouse gases, thereby exacerbating climate change. Exposure to air pollutants from 

industrial effluent can have adverse effects on human health, including respiratory 

problems and increased risk of cardiovascular diseases (Barabad et al., 2018). 

Inadequate management of industrial effluent can lead to the contamination of 

groundwater, which is a vital source of drinking water in many regions. If industrial 

effluent infiltrates the soil and reach the underlying aquifers, they can contaminate the 

groundwater, making it unsuitable for human consumption and posing health risks to local 

communities. Contaminated groundwater can be challenging and costly to remediate, 

potentially impacting the availability of clean water resources for an extended period 

(Idrees et al., 2018). 

Addressing these environmental risks requires the implementation of effective waste 

management practices, including proper treatment and disposal of industrial effluent. Strict 

regulations, monitoring programs, and enforcement of environmental standards are 

essential to ensure that industrial activities do not pose significant harm to the environment. 
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Promoting sustainable industrial practices, resource efficiency, and the use of cleaner 

technologies can also help minimize the potential environmental risks associated with 

industrial effluent (Singh et al., 2016). 

1.2.2 Studies on Detection of Pharmaceutical Compounds in Industrial Effluent 

Several studies have been conducted to detect and quantify pharmaceutical compounds in 

industrial effluent. These studies aim to understand the presence, concentration, and 

potential risks associated with the release of pharmaceutical compounds into the 

environment. Here are a few examples of studies conducted on the detection of 

pharmaceutical compounds in industrial effluent: 

Focused on assessing the presence of pharmaceutical residues in industrial wastewater and 

evaluating the effectiveness of advanced treatment technologies in their removal. The 

researchers analyzed samples from different industries and employed techniques such as 

solid-phase extraction and high-performance liquid chromatography to detect and quantify 

pharmaceutical compounds. The study highlighted the need for implementing advanced 

treatment methods, such as activated carbon adsorption, membrane filtration, and advanced 

oxidation processes, to effectively remove Pharmaceutical residues from industrial effluent 

(Ankush et al., 2018). 

Studied specifically on the detection and analysis of antibiotic residues in industrial 

wastewater and their potential environmental impacts. The researchers collected samples 

from industrial effluent and nearby surface water bodies and analyzed them using 

techniques such as liquid chromatography-tandem mass spectrometry. The study found the 

presence of various antibiotics in industrial effluent, highlighting the need for improved 
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wastewater treatment processes to prevent the release of these compounds into the 

environment (Wang et al., 2021). 

Evaluated passive sampling techniques, such as polar organic chemical integrative 

samplers, to monitor the presence of selected pharmaceutical compounds in industrial 

wastewater. The researchers deployed POCIS samplers in different locations within 

industrial facilities and analyzed the accumulated compounds using LC-MS. The study 

demonstrated the applicability of passive sampling techniques in monitoring 

Pharmaceutical compounds in industrial effluent and provided insights into their spatial 

and temporal variations (Grabicová et al., 2020). 

Explored on the occurrence, fate, and removal strategies of emerging contaminants, 

including pharmaceutical compounds, in industrial effluent. The researchers conducted a 

comprehensive analysis of effluent samples from different industrial sectors using 

advanced analytical techniques. The study highlighted the need for improved monitoring 

and treatment methods to effectively detect and remove emerging contaminants from 

industrial wastewater (Chaturvedi et al., 2021). 

The study revealed the widespread occurrence of antibiotics in industrial effluent, 

highlighting the importance of advanced treatment processes to mitigate their 

environmental impacts (Wang et al., 2021). 

These studies highlight the significance of detecting and monitoring pharmaceutical 

compounds in industrial effluent to understand their environmental fate, assess potential 

risks, and develop effective wastewater treatment strategies. By identifying the presence 

and concentration of pharmaceutical compounds, these studies contribute to the overall 
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understanding of the ecological risks associated with the discharge of industrial effluent 

and help inform regulatory measures and pollution prevention strategies. 

1.2.3 Ecological risk assessment of pharmaceutical compounds 

The release of pharmaceutical compounds into aquatic ecosystems can have detrimental 

effects on aquatic organisms. Studies have shown that certain compounds, such as 

antibiotics and hormones, can disrupt the endocrine system of fish and other aquatic 

organisms, leading to reproductive impairments and altered behavior. Additionally, 

Pharmaceutical compounds with cytotoxic properties can induce cellular damage and 

oxidative stress in aquatic organisms, affecting their overall health and survival. Chronic 

exposure to sublethal concentrations of these compounds can also lead to long-term 

ecological impacts, such as reduced growth, impaired development, and changes in 

community structure. Understanding the specific ecotoxicological effects of 

Pharmaceutical compounds is crucial for assessing the potential risks they pose to aquatic 

organisms and ecosystems (Ebele et al., 2017). 

Ecological risk assessment frameworks and approaches play a fundamental role in 

evaluating the potential ecological impacts of pharmaceutical compounds in aquatic 

ecosystems. These frameworks provide a systematic and structured approach to identify 

and evaluate the risks associated with the presence of pharmaceutical compounds. They 

involve a series of steps, starting with problem formulation, which includes defining the 

scope of the assessment, identifying the potential receptors of concern, and setting the 

assessment goals. Exposure assessment is another critical step that focuses on quantifying 

the concentrations of pharmaceutical compounds in the environment and determining the 

extent and duration of exposure for aquatic organisms. Effects assessment involves 
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evaluating the toxicity of these compounds to different species and their potential impacts 

on population dynamics and ecosystem functioning. The integration of exposure and 

effects data enables the characterization of the risks posed by Pharmaceutical compounds 

in aquatic systems (Laurenson et al., 2014). 

Selection of appropriate assessment endpoints and consideration of species sensitivity are 

crucial aspects of ecotoxicological risk assessment for pharmaceutical compounds. 

Assessment endpoints are specific ecological or biological responses that are measured to 

evaluate the effects of these compounds on aquatic organisms. Examples of commonly 

used endpoints include reproductive success, growth rates, and survival. The selection of 

appropriate endpoints depends on the specific objectives of the risk assessment and the 

characteristics of the organisms being studied. Moreover, the sensitivity of different species 

to pharmaceutical compounds can vary significantly. Some species may be more 

susceptible to the toxic effects of certain compounds, while others may exhibit higher 

tolerance levels. Considering species sensitivity allows for a more accurate assessment of 

the potential ecological risks posed by Pharmaceutical compounds in aquatic ecosystems 

and facilitates the development of targeted management strategies to protect vulnerable 

species and maintain ecosystem integrity (Caldwell et al., 2014). 

Ecological risk assessment frameworks provide a structured and systematic approach for 

evaluating the potential risks associated with pharmaceutical compounds in aquatic 

systems. These frameworks typically involve several key steps. Problem formulation is the 

initial step, which involves clearly defining the objectives of the risk assessment, 

identifying the potential receptors of concern, and setting the assessment boundaries. This 

step ensures that the assessment is focused and tailored to the specific context. Exposure 
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assessment is another critical component, where the concentrations and duration of 

exposure to pharmaceutical compounds in the environment are quantified. This step 

considers factors such as emission sources, transport pathways, and environmental fate to 

estimate the potential exposure levels of aquatic organisms. Effects assessment involves 

evaluating the potential adverse effects of the compounds on different ecological receptors, 

considering both acute and chronic toxicity. Risk characterization integrates the exposure 

and effects data to estimate the likelihood and magnitude of adverse effects, leading to an 

overall assessment of ecological risk (Ahrens et al., 2014). 

Several ecological risk assessment approaches are employed to evaluate the risks 

associated with pharmaceutical compounds in aquatic ecosystems. These approaches may 

include probabilistic modeling, species sensitivity distributions, and ecosystem-based 

Assessment. Probabilistic modeling considers the uncertainties associated with exposure 

and effects data, providing a more realistic estimation of risks. Species sensitivity 

distributions involve analyzing the sensitivity of different species to the compounds to 

determine safe levels and potential impacts on sensitive species. Ecosystem-based 

Assessment take a broader perspective, considering the potential effects on entire 

ecosystems and their functioning, including ecological interactions and community 

dynamics. These approaches allow for a comprehensive understanding of the ecological 

risks posed by Pharmaceutical compounds and aid in decision-making and risk 

management strategies (Katsanevakis et al., 2011). 

The selection of appropriate assessment endpoints and the consideration of species 

sensitivity are vital in ecological risk Assessment of Pharmaceutical compounds. 

Assessment endpoints are specific measurable variables or attributes used to assess the 
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effects of these compounds on ecological receptors. They can include population 

parameters, community metrics, or ecosystem functions. The selection of appropriate 

endpoints depends on the specific goals of the assessment and the ecological relevance of 

the endpoints to the ecosystem under study. Furthermore, considering species sensitivity is 

crucial in understanding the potential impacts of pharmaceutical compounds on different 

organisms within the ecosystem. Species may vary in their sensitivity to specific 

compounds, and accounting for these differences allows for a more accurate assessment of 

ecological risks. It enables the identification of vulnerable species and the development of 

targeted management strategies to protect biodiversity and ecosystem health (East et al., 

2021). 

The selection of assessment endpoints plays a crucial role in ecological risk Assessment of 

Pharmaceutical compounds. Assessment endpoints represent specific ecological or 

biological responses that are measured to evaluate the effects of these compounds on the 

environment. These endpoints can include individual-level responses (e.g., mortality, 

growth inhibition) as well as higher-level ecological parameters (e.g., population 

dynamics, community structure). The choice of assessment endpoints should consider the 

ecological relevance, sensitivity, and feasibility of measurement. It is important to select 

endpoints that capture the potential adverse effects of Pharmaceutical compounds on the 

target ecosystem and provide meaningful insights into the overall ecological risk (Walker 

et al., 2013). 

Species sensitivity is a key consideration in ecological risk Assessment of Pharmaceutical 

compounds. Different species may exhibit varying sensitivities to these compounds due to 

differences in physiology, life history traits, and ecological interactions. Some species may 
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be more susceptible to the toxic effects of pharmaceutical compounds, while others may 

be more resilient or have specific adaptations that provide them with a higher tolerance. 

Understanding species sensitivity helps in identifying vulnerable species that may be at 

greater risk and require specific protection measures. It also aids in determining safe levels 

of exposure and establishing appropriate assessment criteria for ecological risk Assessment 

(Kroeker et al., 2013). 

Exposure assessment is a crucial step in ecological risk Assessment of Pharmaceutical 

compounds in aquatic systems. It involves quantifying the concentrations and duration of 

exposure to these compounds in the environment, considering their sources, pathways, and 

fate. Various methods and techniques are employed to assess exposure to pharmaceutical 

compounds, including water sampling and analysis, sediment sampling and analysis, and 

bioaccumulation studies. Water sampling allows for the measurement of pharmaceutical 

compound concentrations in water bodies, while sediment sampling helps evaluate the 

accumulation and persistence of these compounds in sediments. Bioaccumulation studies 

involve measuring the concentrations of pharmaceutical compounds in aquatic organisms 

to assess their potential uptake and accumulation through the food chain. These exposure 

assessment methods provide valuable data for understanding the levels and patterns of 

exposure to Pharmaceutical compounds in aquatic systems (Previšić et al., 2021). 

In addition to direct exposure assessment, modeling approaches are often employed to 

estimate exposure to pharmaceutical compounds in aquatic systems. These models 

integrate data on emission sources, environmental fate processes (such as degradation and 

transformation), and transport mechanisms to simulate the concentrations of 

pharmaceutical compounds in different compartments of the aquatic ecosystem. Modeling 
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allows for the assessment of exposure under different scenarios and provides a more 

comprehensive understanding of the spatial and temporal variations in exposure. It also 

helps identify hotspots of exposure and assists in prioritizing areas for further investigation 

or management actions (Boxall et al., 2014). 

Risk characterization is a critical component of ecological risk Assessment of 

Pharmaceutical compounds. It involves integrating the exposure and effects data to 

estimate the likelihood and magnitude of adverse effects on the target ecosystem. Risk 

characterization combines quantitative and qualitative information to assess the potential 

risks associated with pharmaceutical compounds. This includes considering the 

uncertainties and variability in exposure and effects data, as well as the specific context 

and conditions of the assessment. The results of risk characterization provide a 

comprehensive assessment of the ecological risks posed by Pharmaceutical compounds, 

allowing for informed decision-making and risk management strategies (Turner et al., 

2014). 

The interpretation of results in ecological risk Assessment involves evaluating the 

significance of the findings and their implications for environmental management. It 

involves considering the magnitude and likelihood of adverse effects, as well as the 

potential ecological consequences. The interpretation of results helps in understanding the 

overall ecological risk posed by pharmaceutical compounds, identifying key areas of 

concern, and prioritizing management actions. Additionally, the interpretation of results 

contributes to the ongoing refinement and improvement of risk assessment methodologies, 

allowing for better-informed Assessment in the future (Boxall et al., 2012). 
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Several studies have been conducted to assess the ecological risks associated with 

pharmaceutical compounds in wastewater. These studies have focused on investigating the 

presence, fate, and effects of pharmaceutical compounds in different aquatic environments, 

such as rivers, lakes, and coastal areas, that receive wastewater discharges. They have 

employed various approaches, including laboratory toxicity tests, field surveys, and 

modeling, to assess the potential ecological risks. These studies have provided valuable 

insights into the concentrations of Pharmaceutical compounds, their effects on aquatic 

organisms, and the potential for ecological impacts in receiving water bodies (Rosi-

Marshall et al., 2012). 

Findings from previous risk Assessment have highlighted the need for improved 

wastewater treatment technologies, monitoring programs, and regulatory measures to 

mitigate the ecological risks associated with pharmaceutical compounds. These 

Assessment have identified specific compounds of concern, such as antibiotics, hormones, 

and painkillers, and their potential impacts on aquatic ecosystems. They have also 

emphasized the importance of considering mixture effects and long-term exposure 

scenarios in risk Assessment. The recommendations from previous risk Assessment include 

implementing advanced wastewater treatment processes, promoting source control 

measures, and fostering collaboration between stakeholders to address the challenges 

posed by Pharmaceutical compounds in aquatic environments (Drechsel et al., 2022). 

1.2.4 Significance of the literature review for the current research 

The literature review conducted for this research on the detection and ecological risk 

Assessment of Pharmaceutical compounds in industrial effluent is significant for several 

reasons. Firstly, it provides a comprehensive understanding of the current state of 
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knowledge in the field, encompassing the sources, pathways, and fate of pharmaceutical 

compounds, as well as their ecological impacts. The review also highlights the gaps and 

limitations in existing research, which can guide the current study towards addressing these 

gaps and contributing to the field. 

The literature review serves as a foundation for the current research by providing a 

theoretical framework and conceptual understanding of the topic. It informs the research 

methodology, including the selection of appropriate detection techniques, assessment 

endpoints, and exposure assessment methods. The review also helps in identifying potential 

areas for improvement and future research directions, contributing to the advancement of 

knowledge in the field of pharmaceutical compound detection and ecological risk 

Assessment. 

In conclusion, the literature review on the detection and ecological risk Assessment of 

Pharmaceutical compounds in industrial effluent provides a comprehensive overview of 

the current understanding, challenges, and research gaps in the field. It serves as a valuable 

resource for the current research, enabling a focused and informed investigation into the 

detection and ecological risks associated with pharmaceutical compounds in the National 

Industrial Zone, RCCI Rawat, Pakistan. The findings from the literature review inform the 

research methodology and contribute to the overall significance and relevance of the 

current study. 
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1.3 Problem statement 

The Pharmaceutical manufacturing facilities situated in Pakistan have been 

identified as sources of concern due to their release of substantial quantities of 

pharmaceutical compounds into the environment through their wastewater effluent. This 

issue has garnered significant attention from environmental experts, regulatory authorities, 

and the general populace, owing to the potential ramifications for aquatic ecosystems, 

human well-being, and overall ecological equilibrium. The effluent discharged by these 

facilities encompass a diverse array of active pharmaceutical ingredients, solvents, 

excipients, and chemical byproducts integral to medication production. This complex 

composition allows these compounds to infiltrate the environment, potentially leading to 

contamination of water bodies, including rivers, lakes, and groundwater reservoirs. This 

multifaceted challenge arises from factors such as inadequate treatment systems, lax 

regulatory frameworks, the intricate chemical nature of pharmaceutical, and insufficient 

monitoring mechanisms. This issue's consequences encompass ecological disruption, 

possible human health implications, the acceleration of antibiotic resistance, and the 

prolonged persistence of these compounds in the environment. Effectively addressing this 

issue necessitates collaborative efforts involving pharmaceutical manufacturers, regulatory 

bodies, environmental agencies, and public awareness initiatives, encompassing enhanced 

wastewater treatment, regulatory reforms, rigorous monitoring practices, and proactive 

education to foster responsible practices within both the pharmaceutical industry and the 

wider community. 
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1.4 Aim and objectives 

I. Detection and quantification of selected pharmaceutical compounds in industrial 

effluent and surface water of ling stream. 

II. Ecological risk assessment to assess the impact of pharmaceutical compounds on 

the aquatic environment. 

1.5 Significance of the study 

The present study holds considerable importance for various reasons. The study adds to the 

existing knowledge on the detection and ecological risk Assessment of Pharmaceutical 

compounds in industrial effluent, with a specific focus on the National Industrial Zone in 

RCCI Rawat, Pakistan. The results of the study will offer significant knowledge regarding 

the existence, levels, and probable ecological consequences of pharmaceutical substances. 

This will aid in making informed decisions and implementing environmental management 

strategies based on empirical evidence. 

The present study aims to fill the gaps and overcome the challenges identified in the 

existing literature, including but not limited to the inadequacy of detection techniques, 

assessment endpoints, and exposure assessment methods. The research endeavors to 

enhance the comprehension and techniques pertaining to the detection of pharmaceutical 

compounds and ecological risk Assessment in industrial effluent by directing attention 

towards these gaps. 

Finally, the results of this study will hold pragmatic ramifications for environmental 

regulators, wastewater treatment plants, and businesses functioning within the National 

Industrial Zone. The results of this study have the potential to provide valuable insights for 

the creation of specific mitigation approaches, enhanced wastewater treatment 
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methodologies, and regulatory frameworks aimed at reducing the ecological hazards linked 

to pharmaceutical substances present in industrial effluent. 
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CHAPTER 2  

 

RESEARCH METHODOLOGY 

 

2.1 Study Area  

The research area was used of Pakistan's National Industrial Zone, RCCI Rawat (Latitude: 

33.51819° N: Longitude: 73.24468° E) and the sampling area (Fig.2.1). People who rely 

on agriculture, cattle, aquaculture, and poultry as a source of income use treated or raw 

wastewater, specifically, to irrigate agricultural land. The research location is in an 

ecologically dry area and is covered in prickly vegetation. Medium rainfall, high summer, 

and low winter temperatures, and a low to medium diversity of plant species are all 

characteristics of the region (Zafar et al., 2021). 

2.2 Pharmaceutical compounds of interest  

The five ciprofloxacin, levofloxacin, cefixime, Cefoperazone sodium, and ceftriaxone 

sodium are the primary pharmaceutical chemicals that make up the designated classes of 

antibiotics. The main criteria used to choose antibiotics of interest were their persistence in 

surface water, frequency of manufacture in the area, availability of analytical tools in the 

lab, and frequency of use. 

2.3 Samples collection and handling  

Effluent samples were collected from five-point source pharmaceutical manufacturing 

units (A, B, C, D, and E) in National Industrial Zone, RCCI Rawat, Pakistan (Table 2.1) 

and Fig. 2.1).  

Five sampling points of surface water Ling stream (K, L, M, N, and O) approximately a 

part 300-meter distance near National Industrial Zone (Table 2.2 and Fig. 2.1).  

These facilities produce a wide range of pharmaceutical compounds in large volumes. For 

the collection of effluent, five pharmaceutical manufacturing units and Surface water 
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sampling points were chosen. The sampling campaign took place at times (morning and 

afternoon) of the day. After that, two samples from each sampling point (morning and 

afternoon) properly blended to create a composite sample for each site. To confirm the 

accuracy of the studies and account for any sampling uncertainty, these composite samples 

were evaluated independently. In amber glass vials, one liter of effluent and surface water 

samples were collected. Each collected wastewater and surface water sample treated with 

around 250 mg of disodium EDTA immediately after collection to complex the metal ions 

and then stored in the refrigerator at 4 °C to limit bacterial growth (Ashfaq et al., 2017). 

Within 48 hours of receiving the samples, they were extracted. 

 

 

Table 2.1: Effluent Samples from different Point Source of Pharmaceutical Units 

 

Sr. No Sampling Points Sample ID Approx. Location 

1 Sampling Point A Sample A 33.516°N: 

73.250°E 

2 Sampling Point B Sample B 33.519°N: 

73.253°E 

3 Sampling Point C Sample C 33.516°N: 

73.238°E 

4 Sampling Point D Sample D 33.521°N: 

73.245°E 

5 Sampling Point E Sample E 33.515°N: 

73.231°E 
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Table 2.2: Samples from Surface water of Ling Stream 

 

Sr. No Sampling Points Sample ID Approx. Location 

1 Sampling Point K Sample K 33.524°N: 

73.244°E 

2 Sampling Point L Sample L 33.526°N: 

73.240°E 

3 Sampling Point M Sample M 33.527°N: 

73.237°E 

4 Sampling Point N Sample N 33.527°N: 

73.235°E 

5 Sampling Point O Sample O 33.529°N: 

73.235°E 

 

 

 

Figure 2.1: Study Area and Sampling points. 
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2.4 Extraction and Chromatographic Conditions 

Liquid-liquid extractions were used to extract the desired medicinal ingredient from 

wastewater and surface water samples. Among the initially chosen di-ethyl ether, n-hexane, 

and chloroform, chloroform was chosen as the final extractant. Filtration of liquid samples 

begins with 0.45 µm membrane filters. Each filtered sample was extracted three times, each 

time with 50 mL chloroform. The extracts were mixed and then evaporated. After 

dissolving the residue in 2 mL of methanol, it will be refrigerated for analysis. HPLC LC-

20A system (Shimadzu, Japan) with UV detector is utilized to analyze the targeted 

substances with 20µL loop is used to inject the samples. All the targeted pharmaceutical 

compounds (Ceftriaxone, Ciprofloxacin, Levofloxacin, Cefoperazone and Cefixime) were 

detected using independents confirmed HPLC techniques (Ashfaq et al., 2017) 

2.4.1 Reference Standards, Chemicals and Reagents used for analysis 

Reference standards of all the selected pharmaceutical compounds (Ceftriaxone Sodium 

USP Reference standard lot. No. R16150, Levofloxacin Manufactured by Saakh Pharma 

(Pvt) ltd Karachi Pakistan, Ciprofloxacin HCl Manufactured by Citi Pharma ltd Kasur 

Pakistan, Cefoperazone Sodium manufactured by Shandong Luoxin Pharmaceutical group 

Hengxin Pharmaceutical Co., Ltd. And Cefixime USP Reference Standard lot. No. 

R095X0).Other chemicals(Chloroform Duksan pure chemicals Korea, Acetonitrile Duksan 

pure chemicals Korea, Monobasic potassium phosphate Honey well Germany , dibasic 

sodium phosphate dodecahydrate Duksan pure chemicals Korea, citric acid Chem-lab 

Belgium, sodium hydroxide Chem-lab Belgium, phosphoric acid Duksan pure chemicals 

Korea, disodium EDTA Duksan pure chemicals Korea, tetradecyl ammonium bromide 

Sigma-Aldrich Switzerland, tetraethylammonium bromide Sigma-Aldrich Switzerland, 0.4 

N tetra butyl ammonium hydroxide Chem-lab Belgium, triethylamine Duksan pure 

chemicals Korea and methanol Chem-lab Belgium) used are either HPLC grade or 

Analytical grade without any further purification. 
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2.4.2 Analytical method for Ceftriaxone Sodium 

Solution A- 9 g/L of Monobasic Potassium Phosphate was dissolved in distilled water. 

Solution B- 24 g/L of Dibasic Sodium Phosphate Dodecahydrate was dissolved in distilled 

water. Solution C- 20 g/L of citric acid was dissolved in water and adjusted with 10 Normal 

Sodium hydroxide to a pH of 5.0 prior to dilution. Buffer- Combined 389 mL of Solution 

A and 611 mL of Solution B. Adjusted with 10 Normal sodium hydroxide or phosphoric 

acid to a pH of 7.0. 

Mobile phase- 2.0 g each of tetradecylammonium bromide and tetraethylammoniums 

bromide was dissolved in a mixture of 440 mL of water, 55 mL of Buffer, 5.0 mL of 

Solution C, and 500 mL of Acetonitrile. 

Standard solution- 20,000 µg/L standard in Mobile phase 

Sample solution in Mobile phase 

Chromatographic Conditions: 

Mode:     LC 

Detector:  254nm 

Column:   4.6-mm x 250-mm; 5-µm packing L1 (C18) 

Flow Rate: 1.5ml/min 

Injection volume: 20 µL 

Separately inject 20µl standard and sample solution. 

 Results 

Cu = (r u/rs) x (Cs)  

ru = peak response from the Sample solution  

rs =peak response the Standard solution  

Cs = concentration in the Standard solution  

Cu = concentration in the Sample solution (Akl et al., 2011) 



33 
 

2.4.3 Analytical method for Cefixime and Cefoperazone  

Solution A: Tetra butyl ammonium hydroxide solution A. Diluted 25 ml of 0.4 N tetra butyl 

ammonium hydroxide solutions with water to obtain 1000 ml of solution and adjusted with 

1.5 molar phosphoric acid to a pH of 6.5.  

Mobile Phase: Mobile phase preparation: 

Prepare a filtered and degassed mixture of Tetra butyl ammonium hydroxide solutions pH 

6.5 and Acetonitrile (3:1). Filter it through 0.45μm filter. 

Solution C: Phosphate Buffer pH 7.0 Solution C 

Dissolved 7.1g anhydrous dibasic sodium phosphate in water to make 500 ml of solution, 

adjust volume of this solution with sufficient volume of monobasic potassium phosphate 

solution to a pH of 7.0.  

Monobasic potassium Phosphate solution B 

Dissolved 6.8 g of monobasic potassium phosphate in water to make 500 ml of solution. 

Standard Preparation: 

20,000 µg/L of Cefixime and Cefoperazone each standard in Solution C.  

Sample Preparation: Dilute samples with solution C  

Chromatographic Parameters   

Detector: UV 

Wavelength: 254 nm 

Column: Packing L1 (C18), 4m (120.5 mm x 4.6 mm) 

Flow Rate: 2 ml/min,  

Injection Volume: 10 L. 

Column temperature maintained at:     40ºC 

Procedure 

Separately inject 20µl standard and sample solution. 
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Results 

              Cu = (r u/rs) x (Cs)  

ru = peak response from the Sample solution  

rs =peak response from the Standard solution  

Cs = concentration of the Standard solution  

Cu = concentration of the Sample solution (Tripathi et al., 2015)  

2.4.4 Analytical method for Levofloxacin and Ciprofloxacin 

Solution A: 0.025 M phosphoric acid. Adjusted with triethylamine to a pH of 2.0 ± 0.1. 

Solution B: Acetonitrile and Solution A (13:87) 

3.3.4.3 Solution C: 0.025 M phosphoric acid. Adjusted with triethylamine to a pH of 3.0 ± 

0.1. 

Mobile phase: Acetonitrile and Solution C (13:87) 

Standard solution: 30,000 µg/L of Ciprofloxacin Hydrochloride and Levofloxacin each 

standard in Solution B 

Sample solution: Diluted the sample with Solution B. 

Chromatographic system 

Mode: LC 

Detector: UV 278 nm.  

Column: 4.6-mm x 25-cm; 5-micron m packing L1 (C18) 

Column temperature: 30° 

Flow rate: 1.5 mL/min 

Injection volume: 10 µL 

Analysis 

Samples: Standard solution and Sample solution 

Results 

Cu = (r u/rs) x (Cs)  
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ru = peak response from the Sample solution 

rs = peak response from the Standard solution 

Cs = concentration of in the Standard solution  

Cu = concentration of sample solution (Kassab et al., 2005)  

2.5 Ecological Risk Assessment 

Pharmaceutical compounds can directly affect aquatic organisms, ranging from acute to 

chronic impacts. Many pharmaceuticals are designed to target specific receptors or 

biological pathways in humans or animals, but similar targets may exist in aquatic 

organisms. Exposure to Pharmaceutical compounds can disrupt normal physiological 

processes in aquatic organisms, affecting their behavior, growth, reproduction, and 

survival. For example, certain pharmaceutical, such as antibiotics or antiparasitic drugs, 

may target bacterial or fungal populations in the aquatic environment, leading to alterations 

in microbial community structures. Other Pharmaceutical compounds, such as endocrine 

disruptors, can interfere with the hormonal systems of aquatic organisms, leading to 

reproductive abnormalities or developmental disorders. The direct effects of 

Pharmaceutical compounds can occur at various levels of biological organization, from 

individual organisms to entire populations (Frye et al., 2012). 

Pharmaceutical compounds can also indirectly affect aquatic ecosystems by altering the 

ecological interactions and dynamics within these systems. For instance, the presence of 

pharmaceutical in water bodies can affect the feeding behaviors of aquatic organisms, 

leading to changes in predation patterns and trophic cascades. Additionally, Pharmaceutical 

compounds can influence the composition and structure of microbial communities, 

disrupting critical ecological processes such as nutrient cycling or decomposition. The 

indirect effects of Pharmaceutical compounds can propagate through the food web, 

impacting higher trophic levels and potentially altering aquatic ecosystems' overall 

functioning and stability (Mor et al., 2022). 

Risk assessment measurements are used to assess the impact of pharmaceutical pollution 

on the aquatic environment. The European Agency for the Evaluation of Medicinal 

Products' criteria will be utilized to determine the ecological risk assessment. This risk 
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evaluation estimates the PC's hazardous dose to a specific species in the receiving aquatic 

habitat.  

The (RQ) or (HQ) is the ratio of the PCs' predicted environmental concentration (PEC) or 

measured environmental concentration (MEC) to their predicted no-effect concentration 

(PNEC).  

𝑅𝑄 =
MEC

PNEC
 

MEC is the maximum observed ambient concentration in µg/L, and PNEC is the Predicated 

no effect concentration (µg/L), where RQ stands for risk quotient or hazard quotient.  

RQ greater than one implies a high risk to the aquatic community, while RQ less than one 

indicates a medium or no risk. This study will be used to calculate MEC values, while 

PNEC values will be taken from the literature (Ashfaq et al., 2017) 
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CHAPTER 3 

 

RESULTS AND DISCUSSION 

 

Pakistan's Pharmaceutical industry is expanding significantly because of increased local 

population and export potential. The Pharmaceutical sector, however, does not adhere to 

any national or international environmental norms. Without any treatment, the effluent 

from the pharmaceutical industry is released into the domestic wastewater system. We have 

concentrated on evaluating the presence of five frequently manufactured medications in 

the effluent from the various pharmaceutical formulation factories. (Table 3.1) Most of the 

targeted PCs could easily be found. The concentration of certain PCs did, however, varied 

depending on the sampling site (Fig. 3.1). 
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 Table 3.1: Mean concentration of PCs in Effluent from different Point Source of 

Pharmaceutical Units 

 

Mean concentration of PCs in µg/L 

Pharmaceutical 

Compounds 

Sampling 

Point A 

Sampling 

Point B 

Sampling 

Point C 

Sampling 

Point D 

Sampling 

Point E 

 

Ciprofloxacin 

 

212.55 

 

90.68 

 

116.49 

 

137.98 

 

67.72 

 

Levofloxacin 

 

66.40 

 

49.84 

 

80.45 

 

63.34 

 

47.71 

 

Cefixime 

 

380.90 

 

173.53 

 

289.54 

 

200.98 

 

191.92 

 

Cefoperazone 

 

229.98 

 

170.13 

 

111.06 

 

320.30 

 

211.06 

 

Ceftriaxone 

 

7.10 

 

15.06 

 

8.60 

 

7.79 

 

10.33 
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 Figure 3.1: Mean concentration of PCs in Effluent from different Point Source of 

Pharmaceutical Units. 

The evaluation of the concentrations of individual pharmaceutical compounds in the 

effluent offers useful information about the predominant compounds present in the 

discharge. Cefixime was found at high concentration in effluent (173.53-380.9 µg/L 

followed by Cefoperazone (111.06-320.3 µg/L), Ciprofloxacin (67.72-212.55 µg/L), 

Levofloxacin (47.71-80.45 µg/L) were detected at medium concentration and Ceftriaxone 

(7.1-15.06 µg/L) at lowest level. Cefixime 380.9 µg/L in sample point 'A' and 

Cefoperazone 320.3 µg/L in sample point 'D' are found in the highest concentrations among 

the compounds under examination, according to the data presented, with Ciprofloxacin, 

Levofloxacin, and Ceftriaxone following closely behind. The increased concentrations of 

Cefixime and Cefoperazone suggest a higher utilization or greater manufacturing of these 

substances inside the pharmaceutical facilities being examined. Persistent Pharmaceutical 

pollutants (PPPs) have been recognized as potential endocrine disruptors, imitating growth 

hormones when present at concentrations ranging from nanograms per liter to micrograms 

per liter. Their presence in drinking water poses a significant risk to both human health and 
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aquatic species (Massima Mouele et al., 2021). This discovery holds significance for future 

research endeavors focused on comprehending the origins and routes of these medicinal 

chemicals inside the environment. The study's findings verify the detection of 156 

pharmaceuticals in environmental media, including surface water, groundwater, and 

drinking water, within Germany (Loos et al., 2013). Of specific interest is the potential 

exposure of non-target organisms to pharmaceutical, given their inherent biological 

activity, even at low levels of exposure, which can lead to physiological alterations. Studies 

conducted over the past two decades have shed light on the impact of Pharmaceutical 

exposure on organisms, with ethinyloestradiol being identified as a contributor to the 

feminization of male fish in rivers dominated by effluent discharges (Loos et al., 2013). 

Concentration of five selected pharmaceutical compounds in surface water (Ling stream) 

sampling points (K, L, M, N, and O) near National Industrial Zone (RCCI), Rawat. Each 

Composite sample of sampling point K, L, M, N and O is analyzed for pharmaceutical 

compounds in surface water through High performance liquid chromatography with UV-

Visible detector. (Table 3.2 and Fig. 3.2) showed the detected pharmaceutical compounds 

in surface water of ling stream. 
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 Table 3.2: Mean concentration of PCs in surface water of Ling stream 

 

Mean concentration of PCs in µg/L 

Pharmaceutical 

Compounds 

Sampling 

Point K 

Sampling 

Point L 

Sampling 

Point M 

Sampling 

Point N 

Sampling 

Point O 

 

Ciprofloxacin 

 

5.37 

 

3.52 

 

2.47 

 

7.22 

 

4.72 

 

Levofloxacin 

 

2.27 

 

2.36 

 

1.92 

 

3.73 

 

2.93 

 

Cefixime 

 

6.95 

 

0.00 

 

9.94 

 

0.00 

 

6.26 

 

Cefoperazone 

 

0.00 

 

0.00 

 

0.00 

 

0.00 

 

0.00 

 

Ceftriaxone 

 

7.68 

 

3.71 

 

9.00 

 

5.98 

 

2.80 
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 Figure 3.2: Mean concentration of PCs in surface water of Ling stream 

The concentration of PCs (Ciprofloxacin, Levofloxacin, cefixime and ceftriaxone) in 

Surface water (Ling stream) were (2.47 – 7.22 µg/L), (1.92 – 3.73 µg/L), (0.00 – 9.94 µg/L) 

and (2.80 – 9.00 µg/L) respectively. The Ling stream exhibits spatial heterogeneity in the 

concentrations of medicinal compounds across different sampling stations. The large 

fluctuation seen for Cefixime is of particular concern, as certain data points indicate the 

absence of compound detection. The observed spatial variance can be ascribed to a 

confluence of elements, encompassing diverse point source discharges along the stream, 

the dilution effects stemming from tributaries, and the influence of environmental 

conditions on degradation processes. The findings derived from the examination of 

quantities of medicinal compounds in the Ling stream reveal notable regional variability 

across various sampling points. A matter of notable concern pertains to the significant 

variability seen in the case of Cefixime, wherein certain data points exhibit an absence of 

detection for the aforementioned molecule (Mirzaei et al., 2019). The observed geographic 

variation gives rise to significant inquiries regarding the elements that exert influence on 

the distribution and ultimate destiny of medicinal compounds within the stream (Omuferen 

et al., 2022). 
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The investigation reveals a notable difference in the levels of pharmaceutical compounds 

present in the effluent discharged from point source pharmaceutical units and the Ling 

stream in the vicinity of RCCI. The levels of pharmaceutical chemicals in the effluent, 

namely at sample points A, B, C, D, and E, exhibit significantly greater amounts compared 

to those found in the Ling stream, specifically at sampling points K, L, M, N, and O. The 

observed difference indicates that the pharmaceutical facilities are the predominant sources 

of pollution in the Ling stream. The findings were consistent that numerous pollutants, 

including pesticides, heavy metals, polycyclic aromatic hydrocarbons, microplastic 

particles, and pharmaceutical, are introduced into water bodies because of human activities. 

These pollutants pose significant threats to the well-being of plants, animals, and humans 

due to their acute toxicity and the potential risk of accumulating in the environment, leading 

to chronic effects (Parolini, 2020). To obtain a thorough comprehension of the geographical 

variability of medicinal compounds in the Ling stream, it is imperative to consider the 

combined effects of several components, such as point source discharges, tributary 

influences, and ambient circumstances. Moreover, further investigation is necessary to 

ascertain the precise origins of Pharmaceutical contamination and to clarify the underlying 

factors contributing to the observed variations (Huang et al., 2020). 
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3.1 The Ecological Risk Assessment of Pharmaceutical compounds in Ling Stream 

The discharge from pharmaceutical facilities consists of a diverse combination of 

pharmaceutical chemicals that are introduced into the surrounding ecosystem because of 

their production procedures and due to inadequate elimination during the treatment of 

wastewater. Upon entering the Ling stream, these substances can potentially have 

significant impacts on aquatic life and the surrounding environment. Freshwater 

ecosystems, including aquatic environments, are subjected to greater contamination 

compared to other habitats. This heightened exposure results from the extensive use of 

water in various industrial processes, as well as the discharge of effluent originating from 

industrial activities and urban developments (Demirak et al., 2006).  

To estimate the ecological risk connected to PCs in the various environmental matrices, 

ecological risk assessment has become essential. In this risk evaluation, the potentially 

detrimental dose of a PC to a certain specie existing in the receiving aquatic habitat is 

approximately calculated (Ashfaq et al., 2017). Ecological Risk Assessment of 

pharmaceutical compounds in Ling stream (Table 3.3). 
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 Table 3.3: The Ecological Risk Assessment of Pharmaceutical Compounds in Ling         

Stream 

Pharmaceutical 

compounds  

   

*PNEC 

µg/L 

 

Species 

 

*MEC 

min 

µg/L 

 

MEC 

max 

µg/L 

 

*RQ 

min 

RQ 

max 

References 

Ciprofloxacin 

 

7285 

3415 

0.01 

Fish 

Daphnia 

Green 

algae 

2.47 

2.47 

2.47 

7.22 

7.22 

7.22 

0.0003 

0.0007 

247 

0.0009 

0.0021 

722 

(Iatrou et 

al., 2014) 

 

 

Levofloxacin  

 

 

 

20240 

8950 

0.01 

Fish 

Daphnia 

Green 

algae 

 

1.92 

1.92 

1.92 

3.73 

3.73 

3.73 

0.00009 

0.0002 

192 

0.00018 

0.0004 

373 

(Iatrou et 

al., 2014) 

 

Cefixime  

 

 

 

0.04   

Bacteria 

(P. 

putida) 

6.26 9.94 156.5 248.5 (Mirzaei et 

al., 2019) 

Ceftriaxone   

 

 

-- ---- 2.8 9.0 -- -- ---- 

 

*MEC is the maximum environmental concentration in µg/L,  

*PNEC is the Predicated no effect concentration (µg/L),   

*RQ stands for risk quotient or hazard quotient.  

Only three pharmaceutical compounds in surface water were calculated for ecological risk 

in the Table 3.3. Due to the unavailability of PNEC values, the Ceftriaxone sodium PC was 

not evaluated. Cefoperazone was not detected in surface water (ling stream). Using the 

measured concentration of certain PCs in the surface water, ecological risk Assessment was 

conducted against several freshwater species. Risk quotient in case of Ciprofloxacin (247 
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– 722) and Levofloxacin (192 – 373) pharmaceutical compounds were highest against 

Green Algae greater than 1 that is and made high risk against the species. Risk quotient of 

ciprofloxacin and levofloxacin for Fish and Daphnia were too low and less the 1.  The RQ 

value was determined for Cefixime (156.5 – 248.5) against Bacteria (P. putida) pose high 

level risk against the species.   

The growing environmental contamination caused by pharmaceutical can be attributed not 

only to their rising consumption but also to the limitations of conventional wastewater 

treatments. These treatments often fail to completely remove many Pharmaceutical 

compounds, contributing to their presence in the environment (Kolpin et al., 2002). 

Subsequently, ecotoxicologists primarily directed their attention towards sewage effluent 

and receiving rivers while investigating pharmaceutical, potentially overlooking other 

potential sources of Pharmaceutical residues. Additionally, the Pharmaceutical industry 

argued against significant discharge of active Pharmaceutical ingredients (APIs) from 

manufacturing, citing economic reasons, as drugs are highly valuable and unlikely to be 

released on a large scale (Williams, 2005). 

The presence of elevated levels of pharmaceutical chemicals in the effluent discharged 

from pharmaceutical facilities underscores the necessity for the development and 

implementation of more effective technologies for treating wastewater. The efficacy of 

conventional treatment techniques in removing complex and diverse substances may be 

limited, resulting in their subsequent release into the environment. 

The incorporation of sophisticated treatment methodologies, such as activated carbon 

filtration, ozonation, or alternative advanced oxidation procedures, has the potential to 

yield substantial enhancements in the elimination of pharmaceutical compounds during the 

wastewater treatment process. Conducting thorough research and implementing efficacious 

treatment options are crucial in mitigating the adverse environmental consequences 

associated with Pharmaceutical contamination (Rekhate et al., 2020). This study highlights 

the significance of consistent monitoring and adherence to rules pertaining to the release 

of pharmaceutical chemicals from industrial facilities. The implementation of wastewater 

treatment regulations and the establishment of rigorous thresholds for Pharmaceutical 
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chemical concentrations are essential measures in mitigating their discharge into the natural 

environment (Litter et al., 2010). 

Furthermore, the implementation of regular monitoring programs can effectively assess the 

efficacy of treatment procedures and guarantee the adherence of pharmaceutical facilities 

to environmental requirements. The establishment of collaborative initiatives between 

regulatory agencies and companies plays a crucial role in ensuring the preservation of 

public health and the safeguarding of the environment from the adverse effects of 

Pharmaceutical pollution (Coha et al., 2021). 

To formulate complete mitigation methods, it is imperative to do additional study to have 

a deeper understanding of the fate and transit mechanisms of pharmaceutical chemicals 

within the Ling stream. The investigation of the persistence and transformation 

mechanisms of these chemicals under different environmental settings will provide 

valuable insights into their enduring environmental consequences. It is imperative to do 

research on the possible bioaccumulation of Pharmaceutical substances in aquatic creatures 

in order to evaluate their transmission within the food chain and their potential impacts on 

higher trophic levels (Kahlon et al., 2018). Furthermore, the establishment of monitoring 

initiatives specifically targeting pharmaceutical chemicals in surface water and sediments 

can yield continuous data to enhance environmental governance. 

In summary, this study provides significant findings regarding the levels of pharmaceutical 

chemicals found in wastewater discharged from pharmaceutical facilities and the Ling 

stream in the vicinity of RCCI. The results emphasize the necessity of implementing 

advanced wastewater treatment technology, implementing rigorous monitoring practices, 

and enforcing stringent regulatory measures to effectively address the environmental 

consequences and safeguard public health from the adverse effects of pharmaceutical 

pollution. Subsequent investigations can expand upon this existing body of knowledge and 

facilitate the development of efficacious approaches for the sustainable management of 

water resources in the context of pharmaceutical pollutants. 
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CONCLUSIONS 

 

1 The study successfully detected and quantified several pharmaceutical compounds 

(Ciprofloxacin, Levofloxacin, Cefixime, Cefoperazone, and Ceftriaxone) in industrial 

effluent and surface water (Ling stream) samples from different points. 

2 Variations in concentration levels among these compounds reflect differences in 

manufacturing processes, usage, and treatment practices within the pharmaceutical units. 

3 Cefixime was found at high concentration in effluent (173.53-380.9 µg/L) followed by 

Cefoperazone (111.06-320.3 µg/L), Ciprofloxacin (67.72-212.55 µg/L), Levofloxacin 

(47.71-80.45 µg/L) were detected at medium concentration and Ceftriaxone (7.1-15.06 

µg/L) at lowest level.  The concentration of PCs (Ciprofloxacin, Levofloxacin, cefixime 

and ceftriaxone) in Surface water (Ling stream) were (2.47 – 7.22 µg/L), (1.92 – 3.73 

µg/L), (0.00 – 9.94 µg/L) and (2.80 – 9.00 µg/L) respectively.  

4 An ecological risk assessment was conducted to evaluate the potential impact of 

pharmaceutical compounds on the aquatic environment, with a focus on the Ling stream. 

Risk quotient of Ciprofloxacin (247 – 722) and Levofloxacin (192 – 373) pharmaceutical 

compounds were highest against Green Algae greater than 1 indicating that it can pose high 

risk against the species. Risk quotient of ciprofloxacin and levofloxacin for Fish and 

Daphnia were too low and less the 1.  The RQ value was determined for Cefixime (156.5 

– 248.5) against Bacteria (P. putida) pose high level risk against the species. 

5 Understanding the sources and distribution mechanisms of pharmaceutical is crucial for 

implementing targeted management strategies, involving advanced monitoring techniques 

and collaborative efforts to mitigate their environmental impact.  
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RECOMMENDATIONS 

 

• To formulate complete mitigation methods, it is imperative to do additional study to have 

a deeper understanding of the fate and transit mechanisms of pharmaceutical chemicals 

within the Ling stream. 

• The establishment of monitoring initiatives specifically targeting pharmaceutical 

chemicals in surface water and sediments can yield continuous data to enhance 

environmental governance. 

• The presence of elevated levels of pharmaceutical chemicals in the effluent discharged 

from pharmaceutical facilities underscores the necessity for the development and 

implementation of more effective technologies for treating wastewater. 

• Pharmaceutical units should develop more efficient manufacturing procedure and 

equipment for manufacturing lifesaving drugs for wellbeing. 
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