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Abstract - Itraconazole is an antifungal medication that 
belongs to the azole class of drugs. While it is primarily 
available in oral form, there is some research on the use of 
itraconazole aerosol for antifungal activity. 

One study published in the journal Mycoses in 2016 found that 
itraconazole aerosol was effective in treating pulmonary 
aspergillosis in mice. The study found that the aerosol delivery 
of itraconazole directly to the lungs resulted in higher 
concentrations of the drug in lung tissue, which improved the 
drug's effectiveness against the fungal infection. 

Another study published in the Journal of Aerosol Medicine 
and Pulmonary Drug Delivery in 2018 investigated the use of 
itraconazole dry powder aerosol for the treatment of invasive 
pulmonary aspergillosis in rats. The study found that the dry 
powder aerosol formulation of itraconazole was well-tolerated 
and showed promising antifungal activity. 

Overall, these studies suggest that aerosol delivery of 
itraconazole may have potential for the treatment of fungal 
infections of the respiratory tract. However, more research is 
needed to determine the safety and efficacy of this approach in 
humans. It is important to note that the use of itraconazole 
aerosol for antifungal activity is not yet approved by 
regulatory agencies and should only be used under the 
guidance of a healthcare professional.  
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1. INTRODUCTION  

The history of itraconazole aerosol begins with the 
recognition of the need for an effective treatment for fungal 
infections in the lungs, especially in patients with conditions 
such as cystic fibrosis or compromised immune systems [1]. 
Systemic antifungal medications, such as oral itraconazole, 
had limitations in their ability to effectively reach the lungs 
at therapeutic concentrations [2]. 

In the early 2000s, researchers began investigating the 
possibility of delivering itraconazole directly to the lungs 
using an aerosol formulation [3]. The aim was to achieve 

higher concentrations of the drug at the site of infection 
while minimizing systemic side effects. Various studies and 
clinical trials were conducted to evaluate the safety and 
efficacy of itraconazole aerosol [4]. 

One significant milestone in the development of itraconazole 
aerosol was the initiation of a Phase II clinical trial called the 
"Study of Itraconazole in Stable Non-Cystic Fibrosis 
Bronchiectasis" (the ITRA study) in 2013 [4]. This trial 
evaluated the use of itraconazole inhalation solution in 
patients with non-cystic fibrosis bronchiectasis, a condition 
characterized by permanent dilation of the bronchi, often 
associated with recurrent respiratory infections [5-6]. 

Based on the positive results from the ITRA study and 
subsequent studies, in February 2018, the U.S [7]. Food and 
Drug Administration (FDA) granted Breakthrough Therapy 
Designation to the itraconazole inhalation solution for the 
treatment of Aspergillus infections in patients with cystic 
fibrosis [8-9]. 

In July 2020, the FDA approved the use of itraconazole 
inhalation solution under the brand name Tolsura for the 
treatment of fungal infections caused by Aspergillus in 
patients with cystic fibrosis [10-11]. It is important to note 
that the approval specifically relates to patients with cystic 
fibrosis, and the use of itraconazole aerosol in other 
populations may vary depending on specific indications and 
regulatory approvals in different countries [12]. 

The development of itraconazole aerosol represents a 
significant advancement in the treatment of fungal lung 
infections, offering a targeted approach to deliver antifungal 
medication directly to the site of infection [13]. However, it 
is always important to consult a healthcare professional for 
specific information about the availability, indications, and 
appropriate use of medications [14]. 

Itraconazole aerosol is a potential method for delivering the 
antifungal medication itraconazole directly to the 
respiratory tract for the treatment of fungal infections such 
as pulmonary aspergillosis [15]. Studies have shown that 
aerosol delivery of itraconazole can result in higher 
concentrations of the drug in lung tissue, improving its 
effectiveness against the fungal infection [16-17]. However, 
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more research is needed to determine the safety and efficacy 
of this approach in humans [18-19]. It is important to use 
itraconazole aerosol only under the guidance of a healthcare 
professional, as it is not yet approved by regulatory agencies 
[20].  

 

Figure-1: Itraconazole [20] 

Itraconazole works by inhibiting the growth and spread of 
the fungal cells by interfering with their ability to produce a 
substance called ergosterol, which is essential for their 
survival. This leads to the weakening of the fungal cell walls 
and ultimately kills the fungus [21-22]. 

Itraconazole is available in different formulations, including 
capsules, oral solution, and injection [23]. Your healthcare 
provider will determine the most appropriate form and dose 
of itraconazole for your condition based on the type of 
infection, the severity of the infection, and other factors. It is 
important to take itraconazole as prescribed and for the full 
duration of treatment to ensure the infection is completely 
eradicated [24]. 

1.1. AEROSOL 

Aerosol refers to a suspension of small solid or liquid 
particles in a gas, such as air. Aerosols can be created 
naturally, such as with dust or volcanic ash, or artificially 
through various industrial and commercial processes, such 
as spray painting, cooking, or using cleaning products [25-
26]. In medicine, aerosols can be used to deliver medication 
directly to the respiratory system, such as in inhalers or 
nebulizers [27-28]. However, aerosols can also pose health 
and environmental risks, such as air pollution or the spread 
of infectious diseases through respiratory droplets [29]. 

 

Figure-2: Aerosol [30] 

When a liquid is converted into an aerosol, it is typically 
done through the process of atomization, which breaks up 
the liquid into tiny droplets or particles. This can be done 
through mechanical means, such as using a spray nozzle, or 
through ultrasonic or pneumatic methods [31-32]. 

Similarly, when a solid is converted into an aerosol, it is 
typically done through the process of grinding, milling, or 
crushing the solid material into tiny particles that can be 
suspended in the gas [32]. 

Once the particles are suspended in the gas, they can be 
transported through the air and can be inhaled by people or 
animals [33-34]. This is the basis for the use of aerosols in a 
variety of applications, such as medication delivery through 
inhalers, spraying of pesticides, and the formation of clouds 
in weather modification [35]. 

The behavior of aerosols is influenced by a number of 
factors, including the size and shape of the particles, the 
density of the particles and the gas, and the concentration of 
the particles in the gas. These factors can affect how the 
aerosol behaves in the environment, how long it remains 
suspended in the air, and how it interacts with surfaces and 
organisms that it comes into contact with [36]. 
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Figure-3: Principle of Aerosol [37] 

1.2. PHARMACOLOGICAL APPLICATIONS OF 
ITRACONAZOLE 

Itraconazole is an antifungal medication used to treat 
various fungal infections. It belongs to the class of drugs 
known as triazole antifungals and works by inhibiting the 
synthesis of ergosterol, a component of fungal cell 
membranes [38]. Some of the pharmacological applications 
of itraconazole include: 

1. Treatment of systemic fungal infections: 
Itraconazole is effective in treating a wide range of 
systemic fungal infections, including aspergillosis, 
blastomycosis, histoplasmosis, and cryptococcosis. 
 

2. Treatment of skin and nail fungal infections: 
Itraconazole is also used to treat fungal infections of 
the skin and nails, such as tinea pedis (athlete's 
foot), tinea corporis (ringworm), and 
onychomycosis (nail fungus). 
 

3. Prophylaxis in immunocompromised patients: 
Itraconazole may be used to prevent fungal 
infections in immunocompromised patients, such as 
those undergoing chemotherapy or organ 
transplant. 
 

4. Treatment of fungal sinusitis: Itraconazole may also 
be used to treat fungal infections of the sinuses, 
such as allergic fungal sinusitis and fungal ball 
(aspergilloma). 
 

5. Treatment of systemic candidiasis: Itraconazole 
may also be used in the treatment of systemic 
candidiasis, a fungal infection caused by Candida 
species. 

1.3. PHARMACOLOGICAL APPLICATIONS OF 
AEROSOL 

Aerosols have a wide range of pharmacological applications. 
One of the main advantages of aerosols is that they can 
deliver drugs directly to the lungs, which can be an effective 
treatment for respiratory conditions such as asthma, chronic 
obstructive pulmonary disease (COPD), and cystic fibrosis 
[39-40]. Some examples of pharmacological applications of 
aerosols are: 

1. Bronchodilators: Aerosolized bronchodilators such 
as albuterol and salbutamol are commonly used to 
treat asthma and other respiratory conditions by 
relaxing the smooth muscles of the airways, thus 
increasing airflow to the lungs. 
 

2. Corticosteroids: Inhaled corticosteroids such as 
fluticasone and budesonide are used to reduce 
inflammation in the airways and prevent asthma 
attacks. 
 

3. Antibiotics: Aerosolized antibiotics such as 
tobramycin are used to treat bacterial infections in 
the lungs of patients with cystic fibrosis. 
 

4. Antivirals: Aerosolized antiviral drugs such as 
ribavirin are used to treat respiratory viral 
infections such as respiratory syncytial virus (RSV) 
and influenza. 
 

5. Local anesthetics: Aerosolized local anesthetics 
such as lidocaine are used to numb the airways 
during medical procedures such as bronchoscopy. 
 

6. Vaccines: Aerosolized vaccines such as influenza 
vaccines are being developed as an alternative to 
traditional injection-based vaccines. 

2. LITERATURE REVIEW 

Several studies have shown that itraconazole aerosols have 
promising efficacy in the treatment of respiratory fungal 
infections, particularly in patients with cystic fibrosis (CF) 
and other lung diseases. In a study published in the Journal 
of Antimicrobial Chemotherapy, itraconazole aerosols were 
found to be effective in reducing the growth of Aspergillus 
fumigatus, a common fungal pathogen in CF patients, in vitro 
and in vivo. 

Another study published in the European Respiratory 
Journal evaluated the safety and efficacy of itraconazole 
aerosols in patients with allergic bronchopulmonary 
aspergillosis (ABPA), a condition characterized by allergic 
reactions to Aspergillus species. The study found that 
itraconazole aerosols significantly improved lung function 
and reduced symptoms in patients with ABPA, without 
causing significant side effects. Furthermore, a systematic 
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review and meta-analysis published in PLoS One analyzed 
the efficacy of itraconazole aerosols in the treatment of 
fungal infections in CF patients.  Despite these promising 
findings, some studies have reported limitations and 
challenges in the use of itraconazole aerosols. For example, a 
study published in the International Journal of 
Pharmaceutics found that the formulation and stability of 
itraconazole aerosols can be affected by factors such as 
temperature and humidity, which may impact their efficacy 
and safety. 

Tejas et.al: Itraconazole microsimulation used the most 
soluble medicine. Due to medication solubility, 
microemulsion formulation employed Eucalyptus oil 
(10.89mg/ml), Tween-20 (0.81mg/ml), and Methanol 
(0.72mg/ml). Pseudoternary phase diagrams determined the 
microemulsion surfactant mixture. Co-surfactant (Smix): 1:1, 
1:2, 2:1, 3:1. Oil: Smix was 1–9. Phase diagram indicated 
stable microemulsion zone at 9:1 and 3:1 Smix:Oil ratios. 
Full-factorial microemulsion optimisation. The optimised 
ME7 Microemulsion achieved the greatest Transdermal Flux 
(4.739 mg cm2 h-1) and %Q6 (98.74%) of all 9 batches. ME7 
has the greatest desirability, 0.805. Microemulsion 
permeabilized itraconazole. Optimised itraconazole-loaded 
microemulsion ME7. 

Niyaz et.al: Imidazole derivative fluconazole treats 
cutaneous and systemic fungal infections. 90% fluconazole 
bioavailability. In this research, fluconazole gel was 
formulated for skin delivery. UV spectrophotometry drug 
analysis. Alcohol absorbed fluconazole best at 260 nm. The 
concentration-absorbance relationship was linear, with r2 = 
0.997. Thus, beer’s rule was followed. FT-IR preformulation 
investigation indicated drug-excipient compatibility. 

Esmaeil et.al: Stearic acid grafted upon depolymerized 
chitosan forms nanoscale micelles. Stearic acid, the micelles' 
hydrophobic centre, entrapped ITRA and increased its 
solubility. All formulations had a monomodal 120–200 nm 
size distribution. In vitro nebulization of ITRA-loaded 
formulations demonstrated that stearic acid-chitosan 
polymeric micelles could deliver ITRA and maintain stability. 

Jaya et.al: Even while systemic antifungal therapy is 
clinically beneficial, its effectiveness is reduced by thousand 
times when it reaches the target site, and high doses and/or 
extended administration are typically needed to maintain an 
effective medication concentration. Systemic antifungal 
medications may cause side effects, patient noncompliance, 
and reduced drug availability at the infection site, limiting 
their utility. In such cases, a safe and effective new drug 
delivery device that reduces dosage and increases drug 
concentration in the targeted organ with low systemic 
concentration is needed. 

Saudagar et.al: Eudragit RS PO with hydroxypropyl 
cellulose formed TH film-forming gel. 32 complete factorial 
design optimised polymer concentrations for drug release 

and antifungal efficacy. Thus, methodical formulation 
achieves desired results. The novel film-forming gel reduced 
fungal load more than market products. This study's film-
forming dermal gel meets topical usage requirements. This 
innovative dosage form improves dosing accuracy and 
location. The optimised formulation with higher bioadhesive 
properties may increase terbinafine gel bioavailability and 
offer an alternative to standard topical preparations. 

Chemate et.al: Eudragit RS PO with hydroxyl propyl 
cellulose formed Terbinafine Hydrochloride film-forming 
emulgel. Film-forming Emulgel reduces fungal load and is 
more effective. This study's film-forming cutaneous Emulgel 
meets topical usage requirements. This innovative dosage 
form improves dosing accuracy and location. Emulgel's 
optimised batch (T4) had the best drug release, 
spreadability, consistency, and % inhibition. Thus, film-
forming Emulgel may be a viable alternative to standard 
dosage forms for treating fungal infections topically. 

Poonam et.al: Drug release and gel rheology depend on 
carbopol-934 and HPMC K4M concentrations. Carbopol-934 
gels had a far higher viscosity than HPMC K4M gels, however 
both gels decreased drug release increasing polymer 
concentration. Thus, gels for topical application may be 
made using carbopol-934 and hydroxypropyl 
methylcellulose in the ratio 1:3. Formulation F3 should be 
improved for industrial manufacturing. 

Adel et.al: TPGS-stabilized and ITZ-encapsulated PLGA-NPs 
produced stable nano-size drug-loaded particles. However, 
nanoprecipitation had better shape, particle size, zeta 
potential, encapsulation efficiency, and drug loading 
capacity. ITZ nanosuspension released better than 
lyophilized or spray-dried NPs. ITZ-loaded NPs were 
somewhat more antifungal than ITZ-aqueous suspension. 
TPGS stabilised and enhanced permeability, resulting in 
greater encapsulation and drug loading NPs. Briefly, TPGS-
stabilized PLGA-NPs would increase ITZ bioavailability by 
improving water dispersibility and intestinal permeability, 
which would boost its antifungal action. Thus, the 
aforementioned nano-system is an excellent alternative for 
treating fungal infections due to its effectiveness. 

Laxmi et.al: Itraconazole formulations were tested for drug 
content, pH, viscosity, spreadability, extrudability, and in 
vitro drug diffusion. Formulation F4 performed best in 
viscosity tests. F4 had the best drug diffusion and rheology. 
F4 pH treats skin diseases. Noveon AA1 gels had a higher 
viscosity than carbopol-971 gels, however both gels 
decreased drug release increasing polymer concentration. 
Thus, Carbopol-971p and Noveon AA1 may be used to make 
topical gels. Formulation F4 should be designed for 
industrial manufacturing. 

Abhinava et.al: Fungal infections remain a health risk. 
Antifungal chemotherapeutics misused led to multidrug-
resistant fungal infections, toxicity, and inadequate 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 10 Issue: 06 | Jun 2023              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 542 
 

treatment effectiveness. Current literature suggests that 
other medication delivery mechanisms are being researched. 
Drug penetration and therapeutic efficacy depend on topical 
carrier composition. Nanotechnology advances provide a 
novel therapy for fungal skin infections. Prolonged anti-
fungal medication usage may cause adverse effects, patient 
non-compliance, and reduced target site bioavailability, 
limiting its therapeutic usefulness. Safe and effective 
innovative drug delivery technologies that minimise dosage 
and raise drug concentration in the targeted organ with low 
systemic concentration are needed to address this challenge. 

Narinder et.al: The best strategy to treat fungal infection is 
to determine the cause and start therapy as soon as feasible 
(Table 3). Today's superficial fungal infection therapies are 
innovative. This lowered medication toxicity and increased 
effectiveness. They may limit medication release and reduce 
side effects including allergic reactions and irritation. Thus, 
innovative medication delivery technology is an effective and 
superior infection treatment. 

Manasa et.al: Proniosomes are dry surfactant-coated water-
soluble carrier particles. After rehydration in hot aqueous 
medium, they form niosomal dispersion. Proniosomes store 
and travel well. Drugs in proniosome vesicles stay in 
circulation longer, penetrate target tissue better, and lessen 
toxicity. The formulation contains vesicle-forming non-ionic 
surfactants. It was chosen for vesicular carriers due to its 
biocompatibility. Cholesterol and soyalecithin stabilise 
membranes. Ethanol enhances permeability. 

Mrunal et.al: Transdermal film-forming sprays were 
formulated and characterised in this work. After spraying 
the solution, polymers at varying concentrations formed a 
homogenous layer. Evaporation duration, spray angle, spray 
pattern, volume actuated, drug content, and in-vitro drug 
release were evaluated. Formulation F1 had excellent 
physical qualities, drug content, and in-vitro drug transport 
of 83.075%, hence it was tested for penetration through 
Ophiophagus Hannah (Cobra) shed snakeskin. Based on all 
evaluation comments, formulation F1 with 10% Eudragit L-
100 and 4% Ethyl cellulose was the best. Thus, evaluation 
tests suggest that the transdermal filmforming spray 
formulation may cure superficial fungal infections. 

Saba et.al: The nanoemulsion released more medicine than 
the water solution due to its smaller globules and greater 
surface-to-volume ratio. F11's prolonged release profile and 
extended eye surface residence duration may boost 
intraocular bioavailability in ocular tissues. More antifungal 
impact was also linked to increased medication release. 
Based on the findings, nanoemulsions may be suitable for 
ocular delivery of itraconazole with higher bioavailability, 
less frequent administration, and better patient compliance. 
In vivo and ophthalmic toxicity investigations are still 
needed. 

 

3. CONCLUSION 

There are several strategies that can be employed to 
increase the efficiency of itraconazole aerosols for antifungal 
activity. Some of these strategies include that the 
formulation of itraconazole aerosols can be optimized to 
increase their efficacy and safety. For example, the particle 
size and distribution of the aerosol can be adjusted to ensure 
optimal deposition in the lungs, and the use of excipients can 
improve the stability and solubility of the drug. Combination 
therapy with itraconazole aerosols and other antifungal 
drugs can improve the efficacy of treatment and reduce the 
risk of drug resistance. For example, a study published in the 
Journal of Antimicrobial Chemotherapy found that 
combination therapy with itraconazole aerosols and 
amphotericin B significantly improved the antifungal activity 
against Aspergillus species. Targeted delivery of itraconazole 
aerosols to the site of infection can increase their efficacy 
and reduce systemic side effects. For example, the use of 
liposomes or nanoparticles can enable targeted delivery of 
the drug to the lung tissue. 

REFERENCE 

1. Patel Tejas B* , Patel Tushar R, Suhagia B N 
“Preparation, Characterization, And Optimization 
Of Microemulsion For Topical Delivery Of 
Itraconazole” 2011, Journal of Drug Delivery & 
Therapeutics. 2018; 8(2):136-145. 
 

2. B. Niyaz Basha 1 *, Kalyani Prakasam2 , Divakar 
Goli3 . “Formulation and evaluation of Gel 
containing Fluconazole-Antifungal Agent” 2011, 
International Journal of Drug Development & 
Research | October-December 2011 | Vol. 3 | Issue 
4 | ISSN 0975-9344. 
 

3. Esmaeil Moazeni1 , Kambiz Gilani1*, Abdolhossein 
Rouholamini Najafabadi1 , Mohamad reza Rouini2 , 
Nasir Mohajel1 , Mohsen Amini3 and Mohammad 
Ali Barghi4 “Preparation and evaluation of 
inhalable itraconazole chitosan based polymeric 
micelles” 2012, DARU Journal of Pharmaceutical 
Sciences 2012, 20:85. 
 

4. Jaya raja Kumar, Selvadurai Muralidharan and 
Subramani Parasuraman “Antifungal Agents: New 
Approach for Novel Delivery Systems” 2014, J. 
Pharm. Sci. & Res. Vol. 6(5), 2014, 229-235. 
 

5. Vij N.N.* , Dr. Saudagar R.B. “Formulation, 
Development And Evaluation Of Film-Forming Gel 
For Prolonged Dermal Delivery Of Terbinafine 
Hydrochloride” 2014, International Journal Of 
Pharma Sciences And Research (Ijpsr). 
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 10 Issue: 06 | Jun 2023              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 543 
 

6. S.Z. Chemate and Rahul M. Anbhule* “Formulation 
And Evaluation Of Terbinafine Hydrochloride Film 
Forming Emulgel” 2016, International Journal of 
Drug Research and Technology, Int. J. Drug Res. 
Tech. 2016, Vol. 6 (3), 164-174. 
 

7. Poonam Madhukar Kasar* Kalyanisundarrao Kale, 
Dipti Ganesh Phadtare “Formulation And 
Evaluation Of Topical Antifungal Gel Containing 
Itraconazole” 2018, International Journal of 
Current Pharmaceutical Research. 
 

8. Adel A. Alhowyana , Mohammad A. Altamimib , 
Mohd Abul Kalama , Abdul Arif Khana , Mohamed 
Badranb , Ziyad Binkhathlana , Musaed Alkholiefa , 
Aws Alshamsana,⁎ “Antifungal efficacy of 
Itraconazole loaded PLGA-nanoparticles stabilized 
by vitamin-E TPGS: In vitro and ex vivo studies” 
2019, Journal of Microbiological Methods. 
 

9. Laxmi N. Jamagondi1, Aniket S. Katte1 * 
“Formulation And Evaluation Of Topical Antifungal 
Gel Containing Itraconazole” 2019, American 
Journol of Pharmatech Research. 
 

10. Abhinava Garg a , Ganti S. Sharma a , Amit K. Goyal 
b, Goutam Ghosh c , Sudam Chandra Si c , Goutam 
Rath c, “Recent advances in topical carriers of anti-
fungal agents” 2020, 
http://creativecommons.org/licenses/by-nc-
nd/4.0/ 
 

11. Narinder Singh* “New Drug Delivery Strategies for 
Treating Fungal Infection” 2020, Achieve of 
Nanomedicine. 
 

12. B Manasa1*, Dr. V Shanmugam2 and P Prakash3 
“Formulation and Evaluation of Itraconazole 
Proniosomal Gel for Topical Drug Delivery” 2022, 
Acta Scientific Pharmaceutical Sciences (ISSN: 
2581-5423) Volume 6 Issue 1 January 2022. 
 

13. Mrunal Desai, Ajeet M Godbole*, Sandesh 
Somnache, Pankaj Gajare, Arti Pednekar, Siddhi 
Manerikar, Krutika Kudaskar, Vivek Naik “Design, 
Development, and Characterization of Film 
Forming Spray as Novel Antifungal Topical 
Formulation for Superficial Fungal Infections” 
2022, Indian Journal of Pharmaceutical Education 
and Research | Vol 56 | Issue 4 (Suppl) | Oct-Dec, 
2022. 
 

14. Saba Mehrandish1 , Shahla Mirzaeei2 “Design of 
Novel Nanoemulsion Formulations for Topical 
Ocular Delivery of Itraconazole: Development, 
Characterization and In Vitro Bioassay” 2022, 

Advanced Pharmaceutical Bulletin, doi: 
10.34172/apb.2022.009. 
 

15. Prasad Nayak B, Preetham V K, Sandeep Kulkarni, 
Sreejith, Mrs. C K Vanamala, Drug Supply Chain 
Management Using Blockchain, IJRES, 2022  
 

16. Joeke Kootstra, Tineke Kleinhout-Vliek, 
Implementing pharmaceutical track and-trace 
systems: a realist review, IEEE, 2021  
 

17. May Alnafrani, Subrata Acharya, SecureRx: A 
blockchain-based framework for an electronic 
prescription system with opioids tracking, Elsevier, 
2021.  
 

18. Prashant Gajera, Akshay Gondaliya, Jenish 
Kavathiya, A Blockchain-Based Approach for Drug 
Traceability in Healthcare Supply Chain, IEEE, 
2020.  
 

19. Prashant Gajera, Akshay Gondaliya, Jenish 
Kavathiya, A Blockchain-Based Approach for Drug 
Traceability in Healthcare Supply Chain, IEEE, 
2020  
 

20. Monalisa Sahoo, Sunil Samanta Singhar, A 
Blockchain Based Model to Eliminate Drug 
Counterfeiting, Springer, 2020  
 

21. Bougdira, A. Ahaitouf, and I. Akharraz, ‘‘Conceptual 
framework for general traceability solution: 
Description and bases,’’ J. Model. Manage.,vol. 15, 
no. 2, pp. 509–530, Oct. 2019.  
 

22. K. Al Huraimel and R. Jenkins. (2020). Smart Track. 
Accessed: May 26, 2020. [Online]. Available: 
https://smarttrack.ae/  
 

23. Seiter, ‘‘Health and economic consequencesof 
counterfeit drugs,’’ Clin. Pharmacol. Therapeutics, 
vol. 85, no. 6, Jun. 2020. 
 

24. Andreozzi, R., Marotta, R., and Paxéus, N. (2003). 
“Pharmaceuticals in STP effluents and their solar 
photodegradation in aquatic environment.” 
Chemosphere, 50(10), 1319–1330. 
 

25. Dar, M. A., Maqbool, M., and Rasool, S. (2019). 
“Pharmaceutical Wastes and their disposal practice 
in routine.” International journal of information 
and computer science, 6(April), 76–92.  
 

26. Jaseem, M., Kumar, P., and John, R. M. (2018). “An 
overview of waste management in Indian 
perspective.” Global Journal of Energy and 
Environment, 6(3), 158–161.  

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 10 Issue: 06 | Jun 2023              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 544 
 

27. Kadam, A., Patil, S., Patil, S., and Tumkur, A. (2016). 
“Pharmaceutical Waste Management An Overview.” 
Indian Journal of Pharmacy Practice, 9(1), 2–8.  
 

28. Park, J., Kim, C., Hong, Y., Lee, W., Chung, H., Jeong, D. 
H., and Kim, H. (2020). “Distribution and removal 
of pharmaceuticals in liquid and solid phases in the 
unit processes of sewage treatment plants.” 
International Journal of Environmental Research 
and Public Health, 17(3).  
 

29. Safe, T. (2013). “Principles on the Disposal of Waste 
Pharmaceuticals used within Community Health 
Services.”  
 

30. Shraim, A., Diab, A., Alsuhaimi, A., Niazy, E., 
Metwally, M., Amad, M., Sioud, S., and Dawoud, A. 
(2017). “Analysis of some pharmaceuticals in 
municipal wastewater of Almadinah 
Almunawarah.” Arabian Journal of Chemistry, King 
Saud University, 10, S719–S729.  
 

31. Societies, R. C., and Federation, I. P. (2000). “Safe 
disposal of unwanted pharmaceuticals in and after 
emergencies.” Revista Panamericana de Salud 
Publica/Pan American Journal of Public Health, 
7(3), 205–208.  
 

32. Somwanshi, S. (2020). “Pharmaceutically Used 
Plasticizers : A REVIEW of Biomedical AND 
Pharmaceutical sciences.” (January 2016).  
 

33. Sreekanth, K., Vishal Gupta, N., Raghunandan, H. V., 
and Nitin Kashyap, U. (2014). “A review on 
managing of pharmaceutical waste in industry.” 
International Journal of PharmTech Research, 6(3), 
899–907. 
 

34. Zorita, S., L. Martensson, and L. Matthiasson. 
Occurrence and removal of pharmaceuticals in a 
municipal sewage treatment system in the south of 
Sweden, ( Sci.Total Environ) 407 (2009): 2760–
2770  
 

35. Nikolaou, A., S. Meric, and D. Fatta. "Occurrence 
patterns of pharmaceuticals in water and 
wastewater environments." Anal. Bioanal. Chem. 
387 (2007): 1225.  
 

36. Ngwuluka, Ndidi C. "An assessment of 
pharmaceutical waste management in some 
Nigerian pharmaceutical industries." African 
Journal of Biotechnology 10, no. 54 (2011): 11259-
11264  
 

37. Richards. "Effects of Pharmaceutical Mixtures in 
Aquatic Microcosms." Environ. Toxicol. Chem 23, 
no. 4 (2004): 1035-1042.  
 

38. Diaz-Cruz, M. Silvia, Marıa J. Lopez de Alda, and 
Damia Barcelo. Trends in Analytical Chemistry 22, 
no. 6 (2003).  
 

39. Halling-Sorensen, B., S.N. Nielsen, P.F. Lanzky, F. 
Ingerslev, and H.C. Lutzhoft. S.E. Jorgensen, 
Chemosphere 36 (1998): 357.  
 

40. Mompelat, S, Bot B Le, and O Thomas. "Occurrence 
and fate of pharmaceutical products and by-
products, from resource to drinking water." 
Environ Int 35 (2009): 803–814. 
 

41. Stackelberg, PE, J Gibs, ET Furlong, MT Meyer, SD 
Zaugg, and RL Lippincott. "Efficiency of 
conventional drinkingwater-treatment processes 
in removal of pharmaceuticals and other organic 
compounds." Sci Total Environ 377 (2007): 255–
272.  
 

42. Jelic, Aleksandra, Mira Petrovic, and Damia Barcelo. 
"Pharmaceuticals in drinking water." hdb env chem 
20 (2012): 47-70. 110  
 

43. Lazarova, V., Savoye, P., Janex, M. L., Blatchley, E. R., 
and Pommepuy, M. (1999) Advanced wastewater 
disinfection technologies: State of the art and 
perspectives. Water Sci. Technol. 40, 203–213  
 

44. Lalezary, S., Pirbazari, M., and McGuire, M. J. (1986) 
Evaluating activated carbons for removing low 
concentrations of taste- and odor-producing 
organice. J. Am. Water Works Assoc. 78, 76–82  
 

45. Peter, A. and Von Gunten, U. (2007) oxidation 
kinetics of selected taste and odor compounds 
during ozonation of drinking Water. Environ. Sci. 
Technol. 41, 626–631  
 

46. The European Commision - Air quality standards. 
http://ec.europa.eu/environment/air/quality/stan
dard s.htm. Accessed: 2016-11-12.  
 

47. Benner, J. and Ternes, T. A. (2009) Ozonation of 
metoprolol: Elucidation of oxidation pathways and 
major oxidation products. Environ. Sci. Technol. 43, 
5472–5480  
 

48. Von Gunten, U. (2003) Ozonation of drinking water: 
Part I. Oxidation kinetics and product formation. 
Water Res. 37, 1443–1467  
 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 10 Issue: 06 | Jun 2023              www.irjet.net                                                                        p-ISSN: 2395-0072 

  

© 2023, IRJET       |       Impact Factor value: 8.226       |       ISO 9001:2008 Certified Journal       |     Page 545 
 

49. Huber, M. M., GÖbel, A., Joss, A., Hermann, N., 
LÖffler, D., McArdell, C. S., Ried, A., Siegrist, 
H.,Ternes, T. A., and von Gunten, U. (2005) 
Oxidation of pharmaceuticals during ozonation of 
municipal wastewater effluents: A pilot study. 
Environ. Sci. Technol. 39, 4290–4299  
 

50. Hollender, J., Zimmermann, S. G., Koepke, S., Krauss, 
M., McArdell, C. S., Ort, C., Singer, H., von Gunten, U., 
and Siegrist, H. (2009) Elimination of organic 
micropollutants in a municipal wastewater 
treatment plant upgraded with a full-scale post-
ozonation followed by sand filtration. Environ. Sci. 
Technol. 43, 7862–7869  
 

51. Acero, J. L., Stemmler, K., and von Gunten, U. (2000) 
Degradation kinetics of atrazine and its 
degradation products with ozone and OH radicals: 
A predictive tool for drinking water treatment. 
Environ. Sci. Technol. 34, 591–597  
 

52. Reungoat, J., Escher, B. I., Macova, M., Argaud, F. X., 
Gernjak, W., and Keller, J. (2012) Ozonation and 
biological activated carbon filtration of wastewater 
treatment plant effluents. Water Res. 46, 863–872  
 

53. Eyser, C. vom, Börgers, A., Richard, J., Dopp, E., 
Janzen, N., Bester, K., and Tuerk, J. (2013) Chemical 
and toxicological evaluation of transformation 
products during advanced oxidation processes. 
Water Sci. Technol. 68, 1976–1983  
 

54. Hamdi El Najjar, N., Touffet, A., Deborde, M., Journel, 
R., and Karpel Vel Leitner, N. (2014) Kinetics of 
paracetamol oxidation by ozone and hydroxyl 
radicals, formation of transformation products and 
toxicity. Sep. Purif. Technol. 136, 137–143  
 

55. Illés, E., Szabó, E., Takács, E., Wojnárovits, L., Dombi, 
A., and Gajda-Schrantz, K. (2014) Ketoprofen 
removal by O3 and O3/UV processes: Kinetics, 
transformation products and ecotoxicity. Sci. Total 
Environ. 472, 178– 184 

 


