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ABSTRACT

The need to reduce pollution and waste from sensitive industrial products, specifically the
water used in the pharmaceutical industry, became a vital field of research. The use of chemical
sanitization in water treatment processes is a significant source of pollution and can have harmful
effects on drug products. This problem is compounded by the increasing demand for pure water
and the need to protect pharmaceutical products from pollution in the inlet of the water process.
The aim of this study is to assess the efficiency of sanitization based on the results of Microbial
Count (MC) within the limits of the operational time. Samples were collected from the
production and subjected to thermal or chemical sanitization. The sanitization samples were
examined for their microbial counts. After 82 days of operation, thermal sanitization at 65 °C
yielded non-conformity results of 110 cfu/ml, whereas thermal sanitization at 85 °C yielded
conformity results of 34 cfu/ml. Chemical sanitization at 0.5 % and 5 % concentrations of H20:
have been studied. A non-conformity microbial count results in 124 cfu/ml after 45 days at a 0.5
percent concentration of H»O,. After the 75-day operational period, the concentration of 5
percent H202 has conformity results of 97 cfu/ml. The study results in the optimum condition for
the sanitization of water processes in pharmaceutical industries. The study explained that the
thermal sanitization method at 85 °C is the optimum condition and is used in sensitive
pharmaceutical and semiconductor industries.
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INTRODUCTION

In the pharmaceutical industry, an efficient and sustainable method for sanitizing water is
essential for protecting drugs from biocontamination (Pal et al., 2022). Water is used in many
stages of drug production, including as a raw material, solvent, and cleaning agent. Therefore, the
water used in pharmaceutical processes must be of high quality, free from impurities and
microorganisms that can compromise the quality and safety of the drugs (Nunez, 2005).

The water industry is a significant contributor to the global economy, providing essential
services such as drinking water supply, wastewater treatment, and irrigation. However, it is also a
significant source of pollution and waste, with various chemical and biological contaminants
entering water sources and ecosystems (Brusseau and Artiola, 2019). One of the primary causes
of water pollution in the industry is using chemical sanitizers, which can harm the environment
and human health. In response to this problem, alternative sanitization methods, such as thermal
and physical methods, have been developed and implemented in some water treatment facilities
(Abdelbasier, and Farrag, 2019).

The most used method for water sanitization in the pharmaceutical industry is using various
filtration techniques such as reverse osmosis, ultrafiltration, and microfiltration. These techniques
remove suspended particles and microorganisms from the water. To further ensure the absence of
microorganisms, water is treated with various disinfectants such as ozone, chlorine, or ultraviolet
radiation (Dolar et al., 2012). However, the use of disinfectants can introduce other impurities
into the water, which can be harmful to drug products (Johnson, et.al., 2000) . Therefore, it is
important to ensure that the disinfectant is effectively removed from the water before it is used in

drug production. In addition to filtration and disinfection, maintaining an appropriate water
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system design is critical for preventing biocontamination in addition to filtration and disinfection.
The design should include features such as properly sized piping, appropriate flow rates, and
adequate drainage to prevent the growth and accumulation of microorganisms (Brusseau and
Artiola, 2019).

The efficient and sustainable method for sanitizing water in the pharmaceutical industry
involves a combination of filtration, disinfection, and appropriate system design. The process
must be carefully monitored and validated to ensure the absence of microorganisms and the
integrity of the drug products (Chaturvedi, and Manan, 2021).

The case study is based on an analysis of primary and secondary data, including interviews
with key stakeholders, site visits, and a review of relevant literature (Brusseau and Artiola, 2019).
The analysis will provide a comprehensive understanding of the benefits and challenges of
implementing cleaner production practices in the water industry and identify the factors that
contribute to their success or failure. It will also contribute to the development of guidelines and
recommendations for the adoption and implementation of cleaner production approaches in the
water industry and other industries facing similar challenges (Gronberg and Hjorth, 2018).

The implementation of cleaner production approaches is vital for sustainable water
management in the pharmaceutical industry (Ortiz-Sola et al., 2021). Pharmaceutical
manufacturing processes use large amounts of water and generate significant amounts of
wastewater and other forms of waste, which can have harmful effects on the environment and
human health. In addition, the use of chemical substances in the production of pharmaceuticals
can contribute to water pollution and other environmental impacts (Fallon et al., 2011).

Cleaner production approaches in this context might include the use of alternative
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technologies, such as membrane filtration or UV disinfection, to reduce the use of chemicals in
water treatment processes (Siahrostami et al., 2020). Other approaches might include the
optimization of water use through the reuse and recycling of wastewater, or the implementation
of green chemistry practices to reduce the use of hazardous chemicals in pharmaceutical
manufacturing processes (Lee and Huang, 2019).

Pacchioni et al., (2018) reported that the implementation of cleaner production approaches in
the production of water in the pharmaceutical industry can also have economic benefits, such as
reduced costs for water treatment and disposal, improved efficiency and productivity, and
enhanced reputation and marketability. Furthermore, the implementation of cleaner production
approaches can help companies meet sustainability goals and improve their overall
environmental performance. The application of cleaner production strategies is an essential
component of sustainable water management in the pharmaceutical industry. In particular, the
sanitization of water is a critical process that can significantly impact the environment, public
health, and the overall sustainability of pharmaceutical manufacturing (Cooper et al., 2018).

Ultimately, the scientific problem addressed in the research article is how to reduce pollution
and waste from industrial activities in a sustainable manner, with a focus on the water industry
and the use of cleaner production approaches. This research aims to investigate the application of
cleaner production practices in the water industry, specifically focusing on the use of alternative
sanitization methods in water process systems. The study adopts a case study approach,
examining the implementation of thermal and chemical sanitization alternatives in a water

treatment plant.
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One of the objectives of the case study is to identify the benefits and challenges of each
approach, as well as the factors that influenced their adoption and implementation. The findings
of this study will be of interest to water industry professionals, policymakers, and researchers

interested in sustainable water management and the adoption of cleaner production approaches.

MATERIAL AND METHODS

In a lab setting, under circumstances that closely resemble the harsh environments from
which they were extracted, it is usually the best way to cultivate microorganisms that can endure
harsh conditions. Because of this, thermophilic bacteria might be able to survive in the harsh
environment of hot pharmaceutical water systems, and if they can, they can only be recovered
and grown under similar thermal conditions in a laboratory setting. The method and materials
used in decomposing a pharmaceutical water sample's microbial count can vary depending on the
specific requirements of the analysis (Pang et al., 2020). However, here is a general overview of
the process:
Materials:

e Sterile water sample

o Sterile glassware and pipettes

¢ Nutrient agar plates or other appropriate growth media

e Incubator

o Sterile loop or swab

e Microscope

e Staining reagents (e.g., Gram stain)
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Method:

The water sample was collected as a representative water sample using sterile techniques to
minimize the risk of contamination. The sample should be taken from the point of use, such as
a tap or outlet (de Mei, 2020).

The water sample was transferred to sterile glassware and prepare serial dilutions of the
sample were to facilitate microbial enumeration.

Nutrient agar was inoculated in plates with the diluted sample using a sterile loop or swab.
The agar plates should be selected based on the target microorganisms and growth
requirements (Wahlen et al., 2016).

The plates were put at an appropriate temperature and duration according to the growth
requirements of the microorganisms being targeted.

After incubation, the colonies were counted on the plates, and calculate the number of
microorganisms in the original water sample.

Microscopy and staining techniques were used to identify the types of microorganisms present
in the water sample.

The results had been recorded and reported, including the total microbial count and the types

of microorganisms identified.

Thermal sanitization methods (Wahlen et al., 2016)

Preparation of the water to be sanitized, Before thermal sanitization, the water to be sanitized

should be pre-filtered and pre-treated to remove any suspended solids or impurities that could

interfere with the sanitization process.
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The water is heated to a specific temperature and held at that temperature for a specified time
to ensure complete sanitization. In this case, the temperature used is 65°C. The time required for
thermal sanitization will depend on the target microorganisms and the water volume being
sanitized.

Monitoring the temperature, It is important to monitor the water temperature throughout the
sanitization process to ensure that it remains at the required temperature. This can be done using
temperature sensors or other monitoring devices (Singh, 2009).

Cooling the purified water, After the sanitization process is complete, the water is cooled to
an appropriate temperature before use. This can be done using a heat exchanger or other cooling
device.

Testing the water sample, It is important to test the water after thermal sanitization to
confirm that the sanitization process was successful (Singh, 2009).

Chemical sanitization methods:

Chemical sanitization is another common method for sanitizing water used in
pharmaceutical applications. One commonly used chemical sanitizing agent is hydrogen
peroxide. Here is a brief overview of the method of chemical sanitization using hydrogen
peroxide at concentrations between 0.5 and 5 percent for water used in pharmaceutical
applications (Wahlen et al., 2016):

Preparation of the hydrogen peroxide solution: The hydrogen peroxide solution is typically
prepared) by diluting a stock solution 45-50 % conc. H>O; to the desired concentration ( 0.5 %
and 5 % ). The concentration used will depend on the target microorganisms and the water

volume being sanitized.
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The hydrogen peroxide solution was added to the water to be sanitized. The amount of
solution added will depend on the volume of water being sanitized and the desired concentration.
the solution was allowed to contact the water: The hydrogen peroxide solution is allowed to meet
the water for a specified time to ensure complete sanitization. The time required will depend on
the target microorganisms and the concentration of hydrogen peroxide used. After the
sanitization process is complete, any residual hydrogen peroxide in the water had been
neutralized to avoid any impact on the quality of the pharmaceutical products. This had been
done by adding a chemical-neutralizing agent to the water (Singh, 2009). It is important to test
the water after chemical sanitization to confirm that the sanitization process was successful. This
can be done using microbial enumeration techniques, such as those described in a previous

answer.

RESULTS AND DISCUSSION

To apply cleaner production strategies in the sanitization of water, several key steps can be
followed, conduct a comprehensive assessment of current water sanitization practices: This
includes a review of the chemicals and processes currently used for water sanitization, as well as
an analysis of the environmental impact of these practices (Rajeswari et al., 2013).

Identify opportunities for improvement: Based on the assessment, potential opportunities for
improvement should be identified (Sharma, 2004). This could include the substitution of
chemical sanitizers with alternative methods, such as thermal or UV disinfection, or the use of

more sustainable chemicals.
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Implement improvements and monitor progress: The next step is to implement the plan and
monitor the results. Regular monitoring and reporting can help to track progress toward
sustainability goals and identify areas for further improvement.

Continually review and update the approach: It is important to continuously review and
update the approach to water sanitization, as new technologies and practices become available.
This can help to ensure that the most effective and sustainable methods are being used.

1. Thermal sanitization.

1.1 Thermal sanitization at a temperature of 65 °C.

Thermal sanitization is a method for eliminating microorganisms in water by subjecting it to
high temperatures. In the pharmaceutical industry, thermal sanitization is a common method for
sanitizing water used in drug production, particularly in situations where chemical sanitization
may not be suitable (Kosuti¢ et al., 2007). The method of thermal sanitization at 65°C for water

used in pharmaceutical applications is presented in Fig. (1).
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Fig. (1): Microbial count at thermal sanitization at temp. 65 °C within 82 days.

As shown in fig.(1) the results were out of the specs at the sample dated 22.08.2022 of value
110 cfu/ml. the period of validity of the purified water was extended to 82 days only. The
sanitization of the second round was needed after 82 days. thermal sanitization at 65°C is an
effective method for sanitizing water used in pharmaceutical applications. The process involves
heating the water to a specific temperature and holding it at that temperature for a specified time
to ensure complete sanitization (Abdelbasier, and Farrag, 2019). The water is then cooled and
tested to confirm that the sanitization process was successful. Careful monitoring and
documentation of the process are important for ensuring regulatory compliance and quality
assurance.
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1.2 Thermal sanitization of temperature 85 °C.

Another factor that can affect the difference in microbial count between 65°C and 85°C
thermal sanitization is the diversity of microbial species present (Kosuti¢ et al., 2007). Some
microorganisms may be more resistant to heat than others, and these may survive the 65°C
thermal sanitization process. On the other hand, the 85°C thermal sanitization process may be
able to eliminate more resistant microorganisms, resulting in a more homogeneous microbial

population.
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Fig. (2): Microbial count at thermal sanitization at temp. 85 °C within 82 days.
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As seen in fig. (2), the results of the sample taken on August 22, 2022, with a value of 34
cfu/ml, are within the specifications limit (100 cfu/ml). The allowed 82-day expiration date for
the purified water was not extended. The second round's sanitization could take longer than 82
days.

1.3 Comparison of thermal sanitization of temps ( 65 °C, 85 °C).

The difference between the microbial count after 82 days of thermal sanitization at 65°C and
85°C in water for pharmaceutical use is primarily related to the effectiveness of microbial
reduction, the diversity of microbial species, the heat stability of microbial toxins, and equipment
suitability. Generally, higher temperatures are more effective in reducing microbial populations,
but they may also have additional challenges that need to be considered, such as equipment
suitability and chemical degradation (Panchal et al., 2014). The choice of the appropriate
temperature for thermal sanitization should be based on a thorough evaluation of these factors

and other process-specific considerations.
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Thermal Comparison Chart
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Fig. (3): Comparison chart, microbial count at thermal sanitization at temp. 65 °C, 85 °C within
82 days.

A comparison in fig. (3) of the two parameters of thermal sanitization at 65 °C and 85 °C
was done. The longer operational time is the best method for thermal sanitization. After 82 days,
the parameter 85 °C was observed at the value of 34 cfu/ml. Heat Stability of Microbial Toxins is
observed in the study of Panchal et al., 2014 where some microorganisms produce toxins that
can be harmful to humans even if the microorganisms themselves are destroyed by heat.

2. Chemical sanitization.

Chemical sanitization using hydrogen peroxide at concentrations between 0.5 and 5 percent

is an effective method for sanitizing water used in pharmaceutical applications. The process

involves adding the hydrogen peroxide solution to the water, allowing it to contact the water for
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a specified time, and neutralizing the solution. The water is then tested to confirm that the
sanitization process was successful, and the entire process is documented for regulatory
compliance and quality assurance purposes (Brusseau and Artiola, 2019).

2.1 Chemical Sanitization of Conc.H202 0.5 %.

The treatment of purified water with 0.5% hydrogen peroxide for 45 days can lead to the
destruction of microorganisms through the oxidation of their cell membranes and genetic
material. The reduction in microbial load is the primary goal of chemical disinfection, but the
formation of toxic by-products and the potential for resistance development should also be
considered (Brusseau and Artiola, 2019). The specific effects on microorganisms depend on
several factors, including the concentration of hydrogen peroxide used, the duration of exposure,
and the type of microorganisms present in the water. The appropriate concentration and duration
of exposure should be selected based on a thorough evaluation of these factors and other process-

specific considerations.
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Microbial count at 0.5 % Hydrogen Peroxide
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Fig. (4): Microbial count of chemical sanitization at H2O, Conc. 0.5% within 82 days.

As shown in fig.(4) the results were out of the specs at the sample dated 15.08.2022 of value
124 cfu/ml. the period of validity of the purified water was extended to 45 days only. The
sanitization of the second round was assumed to be less than 45 days.

2.2 Chemical Sanitization of 5 % concentrations H2O>.

Destruction of Cell Membranes: Hydrogen peroxide is an oxidizing agent that can destroy
the cell membranes of microorganisms. It can react with cellular components like proteins and
lipids, leading to their degradation and loss of function. As a result, the microorganisms lose their

structural integrity, and their ability to survive is compromised (Panchal et al., 2014).
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material of microorganisms. It can react with the DNA and RNA molecules, leading to their
fragmentation and degradation (Grénberg and Hjorth, 2018). The genetic material is essential for
the survival and reproduction of microorganisms, and damage to it can prevent their ability to
replicate and cause infection. The primary goal of chemical disinfection is to reduce the
microbial load in the water. When treated with 5% hydrogen peroxide, the microorganisms in the
water are killed, leading to a reduction in their population. The high concentration of hydrogen

peroxide used in this case leads to a more rapid and efficient reduction in microbial load

compared to lower concentrations.
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The study explains that the using of H20. of concentration 5 % is more effective but it’s not
a more friendly environment solution rather than using conc. of 0.5%. the 5 % concentration
achieves a microbial count of 112 cfu/ml. after 75 operational days.

2.3 Comparison of Chemical Sanitization of 0.5 %, 5 %. The concentration of H20?2.

Chemical sterilization is a process of eliminating all viable microorganisms from a surface
or solution using chemical agents. Hydrogen peroxide (H20>) is a commonly used chemical
agent in the pharmaceutical industry for the sterilization of water systems, equipment, and
surfaces. The concentration of H>O> used in the sterilization process can have a significant
impact on the effectiveness of the process. In this context, the difference in the microbial count
after 82 days of chemical sterilization with 0.5% and 5% H202 in pharmaceutical water is
discussed as follows:

The primary goal of chemical sterilization is to reduce or eliminate the microbial
population. The concentration of H20> used in the process is directly related to the effectiveness
of microbial reduction (Siahrostami et al., 2020). Higher concentrations of H>O. are more
effective in reducing the microbial population, as they can more readily penetrate the
microorganisms, causing cell damage and destruction (Fallon et al., 2011). Therefore, the
microbial count after 82 days of chemical sterilization with 5% H20- is expected to be better
than those obtained with 0.5% H20..

Chemical sterilization using H20> can leave residual chemicals on the surface or in the
solution. The concentration of H2O2 used in the process can influence the level of residual
chemicals left behind. Higher concentrations of H2O> can leave more residual chemicals, which

can potentially affect the quality of the product. Therefore, the use of lower concentrations of
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H20,, such as 0.5%, is preferred when residual effects are a concern (Lee and Huang, 2019).

The use of chemical agents in sterilization processes can have environmental impacts if not
properly disposed of. The concentration of H20> used in the process can affect the amount of
chemical waste generated. Higher concentrations of H2O. can generate more chemical waste,
which can have a greater environmental impact. Therefore, the use of lower concentrations of
H202, such as 0.5%, is preferred when environmental impact is a concern.

Chemical sterilization using H20. can affect the compatibility of materials used in the
pharmaceutical industry. The concentration of H2O> used in the process can affect the level of
material compatibility. Higher concentrations of H>O, can cause material degradation, which
can potentially affect the quality of the product. Therefore, the use of lower concentrations of
H202, such as 0.5%, is preferred when material compatibility is a concern (Pacchioni et al.,
2018).
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Chemical Comparison Chart
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Fig. (6): Comparison chart, microbial count at thermal sanitization at concentration H202 0.5 %,
5% within 82 days.

Fig. (6) illustrates that the microbial count obtained was not conformed with the allowable
limit of 100 cfu/ml in both concentrations ( 0.5 and 5 % ) after the study’s 82 operational days.
The parameter of 0.5 % of the concentration of H2O: achieved a value of 124 after 45 operational
days means (45/82*100 ) = 54 % of the total operational time of the study. In contrast
(67/82*100 ) = 81 % of the total operational time of this work was achieved by the parameter of

concentration 5 % of H202 at the value of 79 cfu/ml.
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3. Comparison between the method gives the optimum results of both thermal and
chemical sanitization.
Thermal sanitization and chemical sanitization are both common methods used
for sanitizing water in the pharmaceutical industry. However, there are several reasons
why thermal sanitization may be preferable to chemical sanitization (Pang et al., 2020).
Thermal sanitization is an effective method for removing microorganisms in purified water.
The high temperatures used in the process can kill a wide range of bacteria, viruses, and other
microorganisms. In contrast, some microorganisms may be resistant to certain chemical
sanitizers, which can compromise the effectiveness of the sanitization process (Eissa, et
al.,2015). No residual chemicals: Unlike chemical sanitizers, thermal sanitization does not leave
behind any residual chemicals that could potentially contaminate pharmaceutical products or
affect their quality. This is particularly important for water used in sensitive drug formulations,
where even low levels of contaminants can be detrimental to the product (Jo et al., 2018).
Thermal sanitization is generally considered to be a safer method of sanitization than
chemical sanitization. Chemical sanitizers can be hazardous to handle and require careful
storage, handling, and disposal to avoid risks to workers and the environment. In contrast,
thermal sanitization simply involves heating the water to a specific temperature and does not
require any potentially hazardous chemicals (de Mei, 2020).Thermal sanitization can be a more
cost-effective method of sanitization than chemical sanitization in some cases. The cost of
chemicals, equipment, and labor required for chemical sanitization can be higher than the cost of

the energy required for thermal sanitization (Khan and Nordberg, 2019).
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Fig. (7): Collective chart for the optimum sanitization methods of thermal at 85 °C and the

chemical of 5 % concentration of H20O..

pharmaceutical industry to reduce or eliminate microbial contamination (Wahlen et al., 2016). In
fig.(7) both methods can be effective in reducing microbial populations, but the reasons for the
good microbial count after 82 days were obtained from the implementation of thermal
sanitization at 85°C in the water for pharmaceutical use. The trendline of thermal sanitization at
85 C was expressed in the equation of y = 0.2528x — 11317 eq (1). While the equation of y =
1.4326x — 64177 eq (2) was calculated to interpolate the data from the microbial count at

chemical sanitization or 5 % concentration of H20-.
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Eissa et al., (2015) reported that thermal sanitization works by exposing microorganisms to
high temperatures, which can cause denaturation and destruction of proteins, nucleic acids, and
other cellular components. In contrast, chemical sanitization uses chemical agents, such as
hydrogen peroxide, to destroy microorganisms by oxidizing cellular components (Singh, 2009).
While both methods can be effective, the mode of action of thermal sanitization is more
comprehensive, as it can eliminate microorganisms throughout their entire structure, whereas
chemical sanitization targets specific cellular components.

Thermal sanitization does not leave residual chemical agents on surfaces or equipment,
making it an ideal method for use in pharmaceutical manufacturing, where product purity is
critical. In contrast, chemical sanitization can leave residual chemical agents on surfaces, which
can potentially contaminate the products being manufactured (Singh, 2009).

Thermal sanitization can penetrate deeper into the microorganisms, as heat can penetrate
through the entire structure of the cell. On the other hand, chemical sanitization may have
limitations in its penetration ability, as it may not be able to reach all areas of a surface or
equipment. Also, thermal sanitization is generally a more cost-effective option than chemical
sanitization, as it does not require the purchase of chemicals and can be performed using existing
equipment (Johnson, et.al., 2000)

Chemical sanitization requires the use of chemicals, which can have environmental impacts
if not properly disposed of. In contrast, thermal sanitization does not use any chemicals, making

it a more environmentally friendly option (Kosutic¢ et al., 2007).
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CONCLUSION

The application of cleaner production strategies in the sanitization of water in the
pharmaceutical industry involves a comprehensive assessment of current practices, the
identification of opportunities for improvement, the development of an implementation plan, the
monitoring of progress, and the continual review and update of the approach. Thermal
sanitization may be preferred over chemical sanitization for water used in pharmaceutical
applications due to its effectiveness, lack of residual chemicals, safety, and cost-effectiveness.
Therefore, the effectiveness of thermal sanitization in reducing the risk of microbial toxins may
also vary between 65°C and 85°C. The heat stability of these toxins can vary, and some may be
more resistant to heat than others. Higher concentrations of H,O> are more effective in reducing
the microbial population but can leave more residual chemicals, generate more chemical waste,
and affect material compatibility. the optimum microbial count obtained from the implementation
of thermal sanitization at 85°C in water for pharmaceutical use, rather than the results obtained
from chemical sanitization of hydrogen peroxide if concentration 5%. Finally, Thermal
sanitization provides a more comprehensive and cost-effective method of reducing microbial
populations while avoiding the environmental concerns and potential product contamination

associated with chemical sanitization.

Vol. (52); Iss. (1); No. (6); Jan. 2023 23

ISSN 1110-0826
ONLINE ISSN 2636 - 3178



Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

Abdelbasier. et al.

REFERENCE

Abdelbasier A.M, Farrag T. (2019). Effect of pretreatment on productivity of purified water
system. IWT]J, 9 (1): 20-29.

Brusseau, M. L., and Artiola, J. F. (2019). Chemical contaminants. In Environmental and
pollution science. Academic Press. 175-190.

Chaturvedi, N. D., and Manan, Z. A. (2021). Batch process integration for resource conservation
toward cleaner production—A state-of-the-art review. Journal of Cleaner Production,
318: 128609.

Cooper, T. A., Zandavi, S. H., Ni, G. W., Tsurimaki, Y., Huang, Y., Boriskina, S. V., & Chen,
G. (2018). Contactless steam generation and superheating under one sun
illumination. Nature communications, 9 (1): 5086.

de Mei, M. (2020). Ozone Gas Sanitization Unit (O3SU) with Low-Cost Tech where Water
Supply is Critical. Journal of International Cooperation and Development, 3 (2):1-8
https://doi.org/10.36941/jicd-2020-0012

Dolar, D., Gros, M., Rodriguez-Mozaz, S., Moreno, J., Comas, J., Rodriguez-Roda, I., &
Barceld, D. (2012). Removal of emerging contaminants from municipal wastewater
with an integrated membrane system, MBR-RO. Journal of hazardous materials,
239: 64-69.

Eissa, M. E., Seif, M., and Fares, M. (2015). Assessment of purified water quality in
pharmaceutical facility using six sigma tools. International Journal of Pharmaceutical
Quality Assurance, 6 (2):34-45

Fallon, S. D., Rios, D. V., & Fonseca, J. M. (2009, July). Scrutinizing the sanitizing process
involving aqueous chlorine from field to fresh-cut iceberg lettuce. In International
Conference on Postharvest and Quality Management of Horticultural Products of
Interest for Tropical Regions.

Gronberg, A., and Hjorth, R. A. (2018). Cleaning-in-place and sanitization. In
Biopharmaceutical processing. Elsevier. 53 (8): 675-699.

24 Vol. (52); Iss. (1); No. (6); Jan. 2023

ISSN 1110-0826
ONLINE ISSN 2636 - 3178



Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

Abdelbasier. et al.

Jo, H. Y., Tango, C. N., and Oh, D. H. (2018). Influence of different organic materials on
chlorine concentration and sanitization of slightly acidic electrolyzed water. LWT,
92 (8): 187-194.

Johnson, N., Troen, A., Fernando, S., Warden, D., Nagy, Z., Smith, A. D., and Sim, E. (2000).
EUROTOX 2000 17-20 September 2000 imperial college of science, technology:«
and medicine London, England: Investigation of N-acetyltransferase (NAT1) in
Alzheimer's disease: identification of a novel NAT1 allelic variant. Toxicology
Letters, 116 (1): 98-99.

Khan, E. U., and Nordberg, A. (2019). Thermal integration of membrane distillation in an
anaerobic digestion biogas plant-A techno-economic assessment. Applied Energy,
239: (pp. 1163-1174).

Kosuti¢, K., Dolar, D., ASperger, D., and Kunst, B. (2007). Removal of antibiotics from a model
wastewater by RO/NF membranes. Separation and Purification Technology, 53(3):
244-249.

Lee, W. N., and Huang, C. H. (2019). Formation of disinfection byproducts in wash water and
lettuce by washing with sodium hypochlorite and peracetic acid sanitizers. Food
Chemistry.12 (80): 1-7.

Nunez, C. Ray. (2005). Method and system for the manufacture of pharmaceutical water.
Mechanical Equipment Company, Inc., U.S. Patent No. 6,977,047. Washington, DC:
U.S. Patent and Trademark Office.

Ortiz-Sola, J., Vifas, I., Aguilé-Aguayo, I., Bobo, G., and Abadias, M. (2021). An innovative
water-assisted UV-C disinfection system to improve the safety of strawberries frozen
under cryogenic conditions. Innovative Food Science and Emerging Technologies,
73: 102756.

Pacchioni, F., Esposito, A., Giacobazzi, E., Bettua, C., Struffi, P., and Jousson, O. (2018). Air
and waterborne microbiome of a pharmaceutical plant provide insights on
spatiotemporal variations and community resilience after disturbance. BMC
microbiology, 18 (1): 1-9.

Vol. (52); Iss. (1); No. (6); Jan. 2023 25

ISSN 1110-0826
ONLINE ISSN 2636 - 3178



Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

Abdelbasier. et al.

Pal, S., Ahamed, Z., and Pal, P. (2022). Removal of antibiotics and pharmaceutically active
compounds from water Environment: Experiments towards industrial scale up.
Separation and Purification Technology, 7 (295): 121249.

Panchal, A., Dagade, K., Tamhane, S., Pawar, K., and Ghadge, P. (2014). Automated water
supply system and water theft identification using PLC and SCADA. International
Journal of Engineering Research and Applications, 4 (4): 67-609.

Pang, Y., Zhang, J., Ma, R., Qu, Z., Lee, E., and Luo, T. (2020). Solar-thermal water
evaporation: a review. ACS Energy Letters, 5 (13): 437-456.

Rajeswari, V., Suresh, L. P., and Rajeshwari, Y. (2013). Water storage and distribution system
for pharmaceuticals using PLC and SCADA. In 2013 International Conference on
Circuits, Power and Computing Technologies (ICCPCT) 78: 79-86.

Sharma, V. (2004). Design, qualification, and validation of water systems. Journal of Validation
Technology, 11(8):(pp. 32-45).

Siahrostami, S., Villegas, S. J., Bagherzadeh Mostaghimi, A. H., Back, S., Farimani, A. B,
Wang, H., ... and Montoya, J. (2020). A review on challenges and successes in
atomic-scale design of catalysts for electrochemical synthesis of hydrogen peroxide.
ACS Catalysis. 10 (14): 7495-7511.

Singh, R. (2009). Production of high-purity water by membrane processes. Desalination and
Water Treatment, 3(7): 99-110.

Wahlen, L., Parker, A., Walker, D., Pasmore, M., and Sturman, P. (2016). Predictive modeling
for hot water inactivation of planktonic and biofilm-associated Sphingomonas
parapaucimobilis to support hot water sanitization programs. Biofouling, 32 (7): 751-
761.

26 Vol. (52); Iss. (1); No. (6); Jan. 2023

ISSN 1110-0826
ONLINE ISSN 2636 - 3178



Journal of Environmental Sciences (JES)
Faculty of Graduate Studies and Environmental Research, Ain Shams University

Abdelbasier. et al.

ssamgll Jilamgl Klls Raalgnm - aglag ¥l él?ﬂl PRSP LE
aleall Relas glloy g

el 3o ala sl
e pan el (e daala (i) Gl Wall caludyall 40K il duaigd) i
ahmed.maher@iesr.asu.edu.eg iy sSly) a5l)

o=lagadl

o deatinal sliall Aaldy ¢ duliall deliall cilaiid) e cobilally Sl e anll ) dalal) caal
O (et gl laga iman sliall Aallae e b Slasl) ail) wlasid day il Ggon Y ¢ 591 delica
Glea ) Aalally 2@l oLl e ayffiall Callall sy ZICEAN 028 o8l A0 cilatiad) e sloa BT 4l 55
S Sl ol ml e Sl adienll 5o US Jaall 138 (apn bl Aglee JRae 8 sl (e A apall i)
Apral plall e pand o5 Sbesl) Sl (ghal) aiaill leeliadls Z L) (o Cilisall gas o i) gl s
V) v il Aglas aae 20 ge Ayshe dapn 10 e ghall aall jaud ¢ Jadill e lasy AY 2xy L5 Sl ladae
Al G ade [ qeSe a3 T als Ailhe @ ) Aysie A2 AC die gl aiedl) ool Ly ¢ Ja [ el a8
[o2Sa a8 VY E Gilladl s o )Sad) a2l e i L Gng bl 2uS) 358 (e 10 5 Tv 0 S JLesl) aarl
O S s ¢ L Vo ili Al Joadll 558 aay L Gamg el S) 9580 (e Dl 400 5850 Ly €0 e e
e agianl Bl Alad) Auhall e i ade [ GanSe a4V A5 Allae & Gang el 2S48 e AL
b padiady Kl Alall 4 Gysie daps A0 sie gl sl Aiph Gf Auhall Ciaaly LAl cleluall b olul)

LD sall 5Ll Cile lia s 4ilsall Cile Lucall

ek (gsand) gt ¢ Ll ) s Al calalsl)

Vol. (52); Iss. (1); No. (6); Jan. 2023 27

ISSN 1110-0826
ONLINE ISSN 2636 - 3178



