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Abstract

In Algeria, there are multiple deficiencies in environmental protection. Today, in the context 
of the constant evolution of healthcare systems and the growing importance given to environmental 
preservation, the management of pharmaceutical effluents has become one of the major challenges for 
the pharmaceutical industry. However, often the interests of companies, especially private ones, do 
not align with environmental priorities, despite the existence of a range of procedures and legislative 
mechanisms. This can lead to the creation of safe and sustainable action plans to prevent, reduce, 
and/or eliminate pollution, harmful effects, and nuisances. Unfortunately, this regulation is widely 
underestimated and neglected in their actual daily practices and actions. Furthermore, awareness 
and preventive information on environmental concerns are very limited; regulatory mechanisms are 
fragmented; safety culture and environmental education are disparate, and monitoring and tracking 
means are limited. The objective of this work is to assess the environmental impact of the activities of 
an Algerian pharmaceutical industry in order to reflect on environmental concerns and open national 
discussions on the harmful effects produced by various companies and the strict application of current 
regulations. This assessment is based on the evaluation of the value of physico-chemical analysis of 
sewage discharges from a pharmaceutical industry during manufacturing, research and development 
processes, as well as waste disposal. The analysis results indicate that the physico-chemical properties 
of the discharged sewage were within the limits allowed by standards regarding heavy metals. However, 
the analyses of DOB5, DCO, and the concentration of suspended solids (SS), oils and fats significantly 
exceed the standardized values. This study aims to raise awareness among stakeholders to implement 
procedures and legislative measures, potentially leading to the development of safe and sustainable 
action plans, or even fostering a culture of continuous improvement and lasting prevention.

Keywords: pharmaceutical industry, environmental risks, assessment, effluents, prevention and 
harmfulness 
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Introduction

Actually, in the context of the constant evolution 
of healthcare systems and the growing importance 
given to environmental preservation, the management 
of pharmaceutical effluents has become one of the 
major challenges for the pharmaceutical industry. The 
majority of sewage retains pollutants that contribute 
to eutrophication, persisting even after undergoing 
secondary treatment and subsequent discharge into 
watercourses [1]. Therefore, continuous, permanent, and 
sustainable improvement in the management of these 
effluents for the well-being, health of society and the 
environment is essential and becomes everyone’s concern 
[2]. Every enterprise, through the simple exercise of its 
activities, generates an impact on its natural and human 
environment [3-5]. This relatively new phenomenon, 
called environmental risk, is still not widely considered 
by entrepreneurs today. Often, the interests of businesses, 
especially private ones, do not align with environmental 
priorities, and many prioritize legal, economic, 
competitive, and industrial aspects. These risks are 
widely underestimated, overlooked in their reality, and in 
their daily actions. Consequently, the risks generated by 
the constant interaction between human activities and the 
environment are numerous [6-8], of very diverse natures, 
and often catastrophic in their consequences. For this 
reason, the nature of the activities of many companies 
can, at any time, be a source of pollution or damage to 
biodiversity. Nowadays, the modern concept of the risk 
of environmental harm, which lies at the heart of the 
missions of states, is based on a broad understanding of 
the environment, in line with the use of the term in public 
policies for management. Therefore, regulatory contexts 
require industrial operators who operate classified 
installations for environmental protection subject to 
authorization to identify, analyze, and assess accidental 
risks in their various components [9-11]. 

Among the suspected industries, the pharmaceutical 
industry stands out, generating liquid waste that is 
harmful to the ecosystem [12-16]. These liquid wastes 
can have significant consequences on the environment 
and public health, despite the crucial role that this 
industry plays in the health and well-being of the 
population by developing medicines and pharmaceutical 
products. 

The liquid rejections of the pharmaceutical 
industry refer to effluents produced during 
manufacturing, research and development processes, 
as well as waste disposal. These rejections may contain 
active pharmaceutical substances such as active 
pharmaceutical ingredient (API), degradation products, 
excipients, and other chemical components. They can 
also be contaminated with solvents, heavy metals, and 
other potentially hazardous substances. As a result, 
physico-chemical alterations refer to changes in the 
characteristics of environments, such as salinity, acidity, 
or water temperature, etc. Beyond a certain threshold, 
these modifications become toxic to both humanity 
and organisms living in the environment. They can 
lead to the contamination of water resources, aquatic 
ecosystems, and surrounding soils [15-19].

Hence, our task consists of evaluating the 
environmental impacts of the pharmaceutical industry 
activities of an Algerian company with the aim of 
reflecting on environmental concerns and initiating 
national debates on the harmful effects produced 
by different companies, as well as ensuring strict 
compliance with existing regulations. This evaluation 
is based on well-defined criteria, namely the chemical 
analysis of effluents produced during manufacturing, 
research and development processes, as well as waste 
disposal. This study aims to raise awareness among 
stakeholders to implement procedures and legislative 
measures, eventually enabling the development of safe 
and sustainable action plans, and fostering a culture of 
improvement and sustainable prevention.

The Impact of Pharmaceutical Industrial  
Effluents

Industrial effluents from the pharmaceutical industry 
can have a significant impact on the environment due to 
the presence of active pharmaceutical ingredients (API) 
and other chemicals used in the manufacturing process. 
Here is a detailed description of the environmental 
impacts of pharmaceutical industrial effluents, as shown 
in Table 1. 

Table 1. Environmental impacts of pharmaceutical industrial effluents.

Impact Effects References

Water resources 
contamination 

Pharmaceutical effluents can pollute water sources such as rivers, lakes, etc., leading to 
the presence of API in the aquatic environment. [20-23]

Effects on 
biodiversity

Certain API present in pharmaceutical effluents may exert toxic effects on biodiversity, 
especially on delicate aquatic organisms such as algae, crustaceans, and mollusks. [24-27]

Presence in the soils Pharmaceutical effluents discharged in sanitation may contaminate soil, affecting quality 
and agriculture, posing environmental concerns. [15, 27-29]

Effects on human 
health

The impact of pharmaceutical effluent APIs on human health is unclear. Concerns arise 
over chronic low-dose exposure. [30-35]
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Methodology

Method Evaluation

The proposed methodology is found on evaluating 
the environmental impacts on both human health 
and the ecosystem. Its objectives include instigating 
contemplation on environmental concerns, promoting 
national discourse regarding the detrimental effects 
generated by various companies, and underscoring 
the crucial need for rigorous adherence to prescribed 
regulations. This research is fundamentally based on 
evaluating the significance of physico-chemical analysis 
of sewage discharges from a pharmaceutical industry 
located in Constantine province. In the course of our 
research, we collected four samples from effluents at the 
factory’s discharge point throughout the year 2022, with 
the goal of assessing the composition and characteristics 
of this sewage. This evaluation is based on the chemical 
analysis of effluents produced during the manufacturing, 
research and development processes, as well as during 
waste disposal. Sample collection was done quarterly. 
This research work is an opportunity to inform and 
raise awareness among stakeholders, authorities, and 
the public about the harmful effects caused by effluents 
from pharmaceutical industries. This allows raising 
awareness among those concerned and authorities 
about the harmful effects of pharmaceutical effluents, 
in order to develop legislative procedures and devices 
that could potentially lead to the creation of safe and 
sustainable action plans. The aim is to prevent, reduce, 
and/or eliminate pollution, harm, and disturbances, and 
possibly engage in a culture of continuous improvement 
and sustainable prevention.

Physicochemical Analysis

The results highlight the physicochemical properties 
of the sewage discharged by the industry in question. 
They were obtained through a series of rigorous tests 
and analyses aimed at assessing the composition 
and characteristics of this sewage. These analyses 
have identified several key parameters, such as the 
concentration of chemical oxygen demand, biological 
oxygen demand, pH levels, the content of heavy metals, 
and the possible presence of specific contaminants. 
These parameters are essential for assessing the 
potential environmental impact of these discharges on 
the surrounding aquatic ecosystems. Table  2.  below 
illustrates the results of these analyses. 

For more precision, we present the various values 
determined after the chemical analysis of the different 
samples.

Hydrogen Potential (pH): The pH of water 
plays a crucial role both in human health and in the 
environment. Here are the detailed effects of water pH 
on health and the environment [37- 38], namely:
	– Effects on Human Health: Skin and Eye Irritation: 

Water with an extremely low (acidic) or high 
(alkaline) pH can cause skin and eye irritations in 
individuals exposed to it.

	– Digestive System Effects: Regular consumption 
of water with abnormally high or low pH can have 
harmful effects on the digestive system, particularly 
by disrupting the body’s acid-base balance.

	– Nutrient Absorption: Inappropriate water pH can 
influence the absorption of nutrients in the digestive 
system, which can have an impact on overall health.

	– Environmental Effects: Aquatic Ecosystems: 
Extreme pH levels can disrupt aquatic ecosystems, 

Table 2. Summary table of physicochemical analyses (source ONEDD) [36].

Parameters Units Limit Values* Sample 1 Sample 2 Sample 3 Sample 4 Analysis Standards

Temperature ºC 30 13 16 30 28 Instrumental

pH - 6,5-8,5 6,7 7,21 6,57 7,08 Instrumental

 COD11 mg/L 130 4416 450 5280 390 ISO 6060 de1989

 BOD5
2 mg/L 40 470 320 1450 200 Oxytop

 MES3 mg/L 40 44 5 57 20 ISO : 11923 de 1997

Oils and fats mg/L 30 5,8 37 56 12 JIS 0102.24.2

Cadmium mg/L 0,25 <0,03 <0,03 <0,03 <0,03 ISO 8288-1986F

Copper mg/L 1 <0,2 <0,2 <0,2 <0,2 ISO8288-1986F

Lead mg/L 0,75 <0,2 <0,2 <0,2 <0,2 ISO 8288-1986F

Nickel mg/L 0,75 <0,2 <0,2 <0,2 <0,2 ISO 8288-1986F

Iron mg/L 5 1,3 2 3 1,2 FDT 90-112

Zinc mg/L 5 0,05 0,06 0,05 0,06 ISO 8288-1986F

Chromium mg/L 0,75 <0,2 <0,2 <0,2 <0,2 ISO 8288-1986

COD11 : Chemical Oxygen Demand; BOD5
2: Biochemical Oxygen Demand; MES3 : Total Matter Suspended 
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affecting the survival and development of plants, 
fish, invertebrates, and other aquatic organisms.

	– Soil Acidification: Acidic waters can lead to soil 
acidification, which can hinder plant growth and 
nutrient availability for living organisms. 

	– Imbalance in Terrestrial Ecosystems: Surface 
water acidification can result in the leaching of toxic 
metals such as lead, aluminum, and mercury, which 
can have detrimental effects on terrestrial wildlife 
and flora. The analysis results are as follows, shown 
in Fig. 1.
Finding: The obtained results indicate an average 

pH value of 6.89. It is noteworthy that all pH values 
consistently fall between 6.5 and 8.5, making them 
compliant with the standards governing industrial 
effluent discharges.

Biochemical Oxygen Demand (BOD5): 
Biochemical Oxygen Demand (BOD5) in water can have 
significant effects on the environment and health. BOD5 
is a measure of the amount of dissolved oxygen required 
for the biological degradation of organic materials 
present in water. When BOD levels are high, it indicates 
a heavy load of organic matter in the water, which  
can lead to several negative consequences [39-41], 
namely:
	– Environmental effects: The health of a watercourse 

is reflected in its biodiversity and appearance, which 
are directly impacted by the presence of sufficient 
oxygen and minimal excess organic nutrients.  
A well-oxygenated watercourse provides an ideal 
environment for the proliferation of various aquatic 
species. The release of water with a high Biochemical 
Oxygen Demand (BOD5) index into watercourses 
causes several detrimental effects, specifically the 
consumption of ecosystem oxygen for pollutant 
degradation and the increase in organic sediments. 
Oxygen depletion and the accumulation of 

sediments at the bottom of a watercourse are two major 
factors associated with watercourse eutrophication.  
The proliferation of algae due to excessive presence of 
phosphorus and nitrogen is not the sole cause. Therefore, 
the treatment of organic matter associated with BOD5 in 

sewage discharged into the environment is crucial for 
maintaining its health.

Health effects: The presence of high levels of BOD5 
(Biochemical Oxygen Demand) in water can indicate 
the presence of organic matter from contaminating 
sources such as domestic or industrial sewage. This 
organic matter can promote the growth of pathogenic 
bacteria, viruses, and parasites, which can increase the 
risk of waterborne diseases for populations consuming 
this contaminated water.

It is important to note that the specific effects of 
BOD5 on the environment and health can vary depending 
on the nature of the organic matter in the water, the 
concentration of BOD5, and the specific characteristics 
of the ecosystem and the affected population. The 
analysis results are as follows, shown in Fig. 2.

Finding: Fig. 2. illustrates the results of the samples 
taken and the measurements of the parameter BOD5 
(Biochemical Oxygen Demand over 5 days) expressed in 
milligrams per liter (mg/L). The samples collected are 
numbered from P1 to P4, and their respective results are 
presented. The BOD5 analyses show that all the samples 
exceed the upper limit of 40 mg/L.

Chemical Oxygen Demand (COD): COD (Chemical 
Oxygen Demand) in water can have significant effects 
on the environment and health. COD is a measure of the 
amount of oxygen required for the chemical breakdown 
of organic matter present in the water. Elevated levels 
of COD can indicate the presence of organic pollutants 
in the water, which can lead to several harmful 
consequences [39,42-44], namely:
	– Environmental effect: An increase in Chemical 

Oxygen Demand (COD) can lead to a decrease in 
dissolved oxygen in the water, which may result 
in a deterioration of water quality and the death of 
aquatic organisms. Additionally, the degradation 
of organic matter can lead to the release of toxic 
substances or degradation products that can harm 
aquatic life and disrupt ecosystems.

	– Health Effects: Regarding health, the presence of 
high levels of Chemical Oxygen Demand (COD) in 
the water can indicate the presence of industrial, 

Fig. 1. pH Variation in 4 Samples.
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or particles of industrial or agricultural origin. 
Their presence in the water can have effects on the 
environment and health [45-46], namely:
	– Environmental effects: A high concentration 

of MES can lead to water turbidity, reduce light 
penetration, and disrupt the photosynthesis of 
aquatic plants. This can result in decreased oxygen 
production and disturb the ecological balance 
of aquatic ecosystems. Additionally, TSS can 
accumulate in seafloors or watercourses, altering 
the habitats of aquatic organisms and reducing 
biodiversity.

	– Health effects: Suspended matter MES can transport 
chemicals, pathogens, or pollutants in water. This 
can lead to contamination of drinking water or 
water sources used for crop irrigation. Consuming 
water with high levels of SS and associated 
contaminants can pose risks to human health, such 
as gastrointestinal disorders, infections, or illnesses 
related to exposure to toxic substances. The analysis 
results are as follows, Fig. 4. 
Finding: Fig. 4. represents the results of various 

samples in relation with the measurement parameter, 
which is the total matter suspended concentration 

agricultural, or domestic chemical pollutants. These 
substances can be toxic to humans when ingested 
or with prolonged exposure. Health effects can vary 
depending on the type and concentration of the 
substances present but may include gastrointestinal 
issues, developmental disorders, liver problems, 
potential carcinogenic effects, among others.
It is important to note that the effects of the Chemical 

Oxygen Demand (COD) on the environment and health 
depend on various factors such as the concentration of 
substances, the duration of exposure, and the specific 
characteristics of the ecosystem or population in 
question. The analysis results are as follows, as shown 
in Fig. 3.

Finding: According to the data collected for 
the parameter COD (Chemical Oxygen Demand) 
illustrated in Fig. 8., it is clear that samples 1, 2, 3, and 
4 significantly exceed the upper limit of 130 mg/L. 
Therefore, it is essential to implement suitable measures 
to decrease the COD levels in samples that exceed the 
acceptable limits.

Suspended matter (MES): Suspended matter are 
solid or semi-solid particles suspended in water, such 
as sediment particles, organic debris, plant material, 

Fig. 2. Variation in BOD5 concentration.

Fig. 3. Variation in COD concentration.
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(MES), expressed in milligrams per liter (mg/L).  
The MES sample results show that samples P1  and  P3 
exceed the upper limit of 40 mg/l, while samples 2 and 4 
fall below this limit.

Oils and Fats: In addition to causing clogs 
and unpleasant odors in pipelines, they lead to the 
suffocation of bacteria responsible for purifying water 
and a proliferation of microorganisms harmful to 
health, resulting in significant consequences for aquatic 
environments [47-48]. They lead to massive mortalities 
of species, but they also have less visible effects: 
eutrophication of environments, toxic effects in the short 
or long term, diseases, or endocrine disruptions.

Finding: Fig. 5. represents the results of various 
samples based on the measured parameter, which is the 
concentration of oils and fats, expressed in milligrams 
per liter (mg/L). The analysis results of the oil and fat 
samples indicate that samples P2 and P3 exceed the 
standard set by the World Health Organization (WHO) 
at 30 mg/L, while samples P1 and P4 are below this 
limit.

Heavy Metals: Heavy metals present in water 
are harmful to health. They are persistent, disrupt 
ecosystems, degrade soils, surface waters, forests, and 
crops, and accumulate in the food chain [49-52]. Some 
are carcinogenic and have effects on bones, kidneys, 
cardiovascular system, and are neurotoxic, etc. They are 
significant contaminants in ecosystems and food chains. 
Moreover, they are non-biodegradable. The analysis 
results are as follows:
	– For cadmium: Cadmium is unequivocally 

recognized as a potent human carcinogen by the 
International Agency for Research on Cancer 
(IARC), placing it in Group 1 of their classification. 
This classification underscores the severe threat 
it poses to human health. Prolonged exposure to 
cadmium, commonly found in industrial settings 
and tobacco smoke, has been linked to a heightened 
risk of cancer development. As a result, there 
is a pressing need for stringent regulations and 
preventive measures to limit cadmium exposure in 
various occupational and environmental settings. 

Fig. 4. Variation in suspended matter concentration.

Fig. 5. Variation in oils and fats concentration.
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The acknowledgment of cadmium’s carcinogenicity 
by IARC emphasizes the urgency of safeguarding 
individuals from this hazardous substance to 
safeguard public health. [53-54].
Findings: Fig. 6. represents the results of the various 

samples based on the measured parameter, which is the 
cadmium concentration expressed in milligrams per 
liter (mg/L). The samples are numbered from P1 to P4, 
along with their corresponding results. Upon analyzing 
the results, it is evident that all samples show a cadmium 
concentration below the limit value, 0.25 mg/L. 
	– For copper: Even in small quantities, copper 

consumption can have detrimental effects on 
health. Nausea, vomiting, and diarrhea are common 
symptoms associated with copper poisoning. 
Therefore, it is crucial to be cautious about copper 
exposure, as even minimal intake can lead to these 
adverse health issues. To safeguard one’s well-
being, it is essential to be aware of the potential 
sources of copper in daily life and take necessary 
precautions to minimize exposure. Being mindful 
of copper consumption is paramount in maintaining 

good health and preventing these uncomfortable and 
harmful symptoms [55-56].
Findings: Fig. 7. illustrates the outcomes of different 

copper samples, presenting their measured copper 
concentration in milligrams per liter (mg/L). The results 
indicate that the copper concentration in all samples is 
below the standard-defined limit of 0.25 mg/L. This 
compliance with the specified threshold highlights the 
adherence to the required quality standards, ensuring 
the safety and purity of the samples tested.
	– For lead: Lead is a hazardous heavy metal known for 

its detrimental impact on health. It profoundly affects 
blood pressure and kidney function in adults, and 
hampers reproduction and children’s development. 
Especially alarming is its effect on young children, 
where it impairs the central nervous system, leading 
to decreased IQ points and attention disorders even 
at low levels of exposure. High doses of lead can 
cause severe conditions like encephalopathy and 
neuropathy, posing a life-threatening risk to both 
adults and children. Furthermore, lead exposure is 
linked to distressing digestive issues such as lead 

Fig. 6. Cadmium concentration variation.

Fig. 7. Copper concentration variation.
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colic and abdominal pain. Limiting lead exposure 
is imperative to safeguard health. Awareness of its 
pervasive consequences is vital, urging communities 
to take immediate action to reduce exposure and 
protect individuals, particularly the vulnerable 
population of children, from the devastating impact 
of lead contamination. [57-58].
Findings: Fig. 8. displays results from various 

samples based on the measured parameter, which is lead 
concentration expressed in milligrams per liter (mg/L). 
The specified lead limits are 0.75 mg/L. According to 
the results, it is evident that all samples exhibit lead 
concentrations below the limit set by the World Health 
Organization (WHO) standard.
	– For nickel: In the case of nickel exposure, it’s 

crucial to note that being in contact with nickel 
compounds raises the likelihood of developing lung 
and nasal cavity cancer, as well as lung fibrosis.  
This risk is substantiated by mechanistic data 
indicating an indirect genotoxic mode of action. 
Consequently, nickel and its compounds are 
classified as threshold carcinogens according 
to research studies [59-60]. This categorization 
underscores the importance of minimizing exposure 

to nickel-containing substances, given their potential 
to trigger serious health conditions, including various 
forms of cancer and pulmonary fibrosis.
Findings: Fig. 9. depicts the outcomes of different 

samples, categorized by the measured parameter: iron 
concentration, expressed in milligrams per liter (mg/L). 
In this case, the Nickel concentrations in samples P1, P2, 
P3, and P4 consistently remain below the 5 mg/L limit. 
This graphical representation underscores the adherence 
of these samples to the specified standard, indicating 
a favorable outcome. The graph provides a clear 
overview of the data, showcasing the compliance of the 
samples with the predetermined threshold. The data 
illustrates that these samples exhibit iron concentrations 
well within the acceptable range, highlighting the 
effectiveness of the studied system or process. Such 
adherence to the specified limit is crucial in ensuring 
the quality and safety of the examined substance. This 
visual representation serves as a valuable reference, 
emphasizing the importance of maintaining iron levels 
within the prescribed limits for various applications, 
thereby enhancing overall comprehension and 
awareness.

Fig. 8. Lead concentration variation.

Fig. 9. Nickel concentration variation.
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	– For iron: Plants, air, and water require careful 
consideration. It is strongly advised to prevent the 
introduction of this chemical into the environment 
due to its persistent nature. Proactive measures must 
be taken to safeguard our surroundings. Allowing this 
substance to infiltrate our environment could have 
detrimental consequences, underscoring the urgent 
need for stringent control. Preserving the delicate 
balance of our ecosystem demands meticulous 
attention to prevent potential harm [61-62].
Findings: Fig. 10. provides a visual representation 

of the results obtained from a variety of sample sets, 
each evaluated with respect to a specific metric: the 
concentration of iron, measured in milligrams per 
liter (mg/L). It is of significance to observe that the 
concentrations of iron in samples P1, P2, P3, and 
P4 consistently maintain levels below the 5 mg/L 
threshold throughout the course of this analysis. This 
observation underscores the stability and reliability of 
the measurements, suggesting that the iron content in 
these particular samples consistently adheres to safety 
standards, remaining well within acceptable limits.
	– For zinc: Vigilance is paramount in managing 

zinc intake, given that elevated levels may result in 

adverse effects like headaches, nausea, vomiting, 
decreased appetite, and abdominal cramps. 
Moreover, the presence of water-soluble zinc in soil 
presents a potential hazard as it can contaminate 
groundwater, as substantiated by references [59-
60]. Preventing health complications arising from 
excessive zinc consumption requires careful 
attention. The environmental implications of water-
soluble zinc on groundwater quality emphasize the 
importance of responsible handling and disposal 
practices. 
Findings: Fig. 11. illustrates the outcomes derived 

from diverse water samples in relation to the measured 
variable – zinc concentration, quantified in milligrams 
per liter (mg/L). Notably, all water samples subjected to 
analysis exhibited exceptionally low zinc levels, falling 
well below the established limit of 5 mg/L. This data 
underscores the consistently minimal presence of zinc 
in the tested water sources, indicating that the zinc 
content poses no concerns or risks in terms of water 
quality. It also emphasizes the effectiveness of measures, 
highlighting the successful maintenance of zinc levels 
within the stipulated safety boundaries.

Fig. 10. Iron concentration variation.

Fig. 11. Zinc concentration variation.
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	– For Chromium: In the context of chrome, it is 
classified as a potential carcinogen for human 
health, with documented concerns regarding its 
adverse impact on the environment, as supported by 
references [63-66]. This designation highlights the 
risks associated with chromium exposure, both in 
terms of its health effects and potential harm to the 
natural surroundings, as per the referenced sources.
Findings: In Fig 12., we can observe a graphical 

depiction of diverse sample results, each correlating with 
the measured parameter: the concentration of chromium 
expressed in milligrams per liter (mg/L). Notably, the 
outcomes of these chromium samples consistently show 
that the chromium concentration remains comfortably 
below the established limit of 0.2 mg/L across all 
sampled instances. This data underscores the safety and 
adherence to regulatory standards in chromium levels 
for the given samples, indicating a minimal presence of 
this element in the examined substances.

Conclusions

The rejection of sewage has a significant impact on 
the environment and human health. These rejections, 
coming from various sources such as pharmaceutical 
industries, often contain potentially dangerous 
contaminants for human life and human health, also 
harmful to the environment. Henceforth, effluents 
released by these industries must undergo treatment 
to comply with discharge standards. When sewage is 
discharged into aquatic ecosystems, it can alter water 
quality, disrupt biological balances, and compromise 
local biodiversity. Chemical substances found in 
sewage, such as heavy metals, industrial chemicals, and 
persistent organic compounds, can accumulate in living 
organisms, leading to adverse effects on their health and 
reproduction. 

Furthermore, sewage from pharmaceutical industries 
can contaminate drinking water sources, thereby 
exposing populations to health risks. The contaminants 

present, such as pathogens, pharmaceuticals, and toxic 
chemicals, can cause illnesses in humans, including 
gastrointestinal infections, respiratory issues, and 
long-term toxic effects. So it is important to note that 
the effects of heavy metals can vary depending on the 
type of metal, its concentration, the duration and route 
of exposure, as well as individual sensitivity. The most 
vulnerable populations, such as children and pregnant 
women, are particularly sensitive to the effects of heavy 
metals on health. It is therefore essential to require 
industrial companies to implement effective sewage 
treatment measures to minimize the negative impacts 
on the environment and health. This includes the use 
of advanced treatment technologies such as reverse 
osmosis, membrane filtration, and biological processes 
to remove contaminants from sewage before they are 
discharged into ecosystems. 

Additionally, strict regulations and appropriate 
environmental standards must be established and 
enforced to control industrial and municipal sewage 
discharge. Enterprises and public authorities should also 
promote source reduction, reuse, and sewage recycling 
to minimize the quantity of contaminants generated. 
Finally, by adopting a comprehensive approach to 
sewage management, with a focus on environmental and 
human health protection, we can safeguard our aquatic 
ecosystems, guarantee access to clean and safe water, 
and build a sustainable future for generations to come.
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