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Wastewater management and treatment are pressing issues that require both cheap and effective
solutions for a sustainable world, especially in rural areas. Conventional treatments using 
traditional materials are very costly and sometimes provide undesirable results. This new book 
discusses the various techniques and methodologies for the utilization of advanced materials for 
water and wastewater treatment. It examines the feasibility of advanced materials that can be 
used to remove various contaminants from water and wastewater for more effective results. The 
book covers techniques involving adsorption by advanced adsorbents, membrane filtration, 
advanced oxidation techniques, constructed wetlands, activated sludge processes, ion exchange, 
sustainable circular economy development,electrocoagulation, photocatalytic oxidation, and 
much more.

is an Associate Professor at the MIT School of Bioengineering 
Sciences and Research, MIT Art, Design and Technological University, Pune, India. With more 
than 14 years of teaching experience in the fundamentals of biochemical engineering, wastewater 
treatment, biotransport, mass transfer, heat transfer, solid waste management, and reaction 
engineering, he has published more than 40 research articles and has three edited books and 
several book chapters to his credit.

 is an Assistant Professor at the Pacific School of Engineering, Surat, 
Gujarat, India. He has 13 years of industrial experience. He is also a Schedule-I Environmental 
Auditor recognized by the Gujarat Pollution Control Board and a PhD supervisor recognized by 
Gujarat Technological University. He has published two patents, eight review papers, and 25 
research papers in various international journals, including publications from Elsevier, Taylor 
&amp; Francis, Wiley, etc., and has also published thirteen books.

is Associate Professor at MIT School of Computing, MIT Art Design and
Technology University, Pune, Maharashtra, India. With over 15 years of teaching experience, she 
holds multiple granted patents; notable among these are patents for an IoT-based smart helmet, 
a device for child safety and security, and a smart slate for online classes. Her contributions to 
academia extend beyond patents, as evidenced by her publications in esteemed journals, book 
chapters, and authored books. Ap
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Treatment of Pharmaceutical 
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ABSTRACT

parameters (pH, initial concentrations, dosage, contact time, agitation 
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230	 Advances in Water and Wastewater Treatment

pharmaceutical products by human beings and animals results in their 
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Treatment of Pharmaceutical Wastewater	 231

Pharmaceuticals Chemical Therapeutic 
Class

References

•	 Paracetamol
•	
•	
•	 Acetaminophen
•	 Aspirin

•	 C8H9NO2

•	 C14H11Cl2NO2

•	 C13H18O2

•	 C8H9NO2

•	 CϣHϢOϞ

Analgesics 

et al. (2019)

•	 Amoxicillin
•	 Erythromycin
•	
•	
•	

•	 C16H19N3O5S
•	 C37H67NO13

•	 C5H5N
•	 C10H11N3O3S
•	 C22H24N2O8

Antibiotics

•	 •	 C15H12N2O Anticonvulsants

Mutiyar et al. (2018)
•	
•	 Amphetamine
•	 Methamphetamine

•	 C8H10N4O2

•	 C9H13NO
•	 C10H15N

Stimulating

•	
•	
•	

•	 C16H13ClN2O
•	 C9H8N2

•	 C15H10Cl2N2O2

Anxiolytic
Mutiyar et al. (2018)

•	 Atenolol
•	 Bisoprolol
•	 Betaxolol

•	 C14H22N2O3

•	 C18H31NO4

•	 C18H29NO3

WASTEWATER
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Source: 
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	 Stage 1: 

adsorbent material.

	 Stage 2: 

	 Stage 3: 

Adsorption techniques have been demonstrated to be an outstanding and 

materials such as graphite, graphene, graphene oxide, carbon nanotubes and Ap
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234	 Advances in Water and Wastewater Treatment

th

and shells, Jatropha curcas

area, and being largely available, abundant, and cheap (Akhtar et al., 2016).

activation methods.

1.	 Physical or Thermal Activation: 

C to remove volatile organic matter, and the 

vapor, CO2 ᴈ.

2.	 Chemical Activation: 

(H2SO4, HNO3, HCl, H3PO4
bases (Ca(OH)2, KOH, NaOH and Na2CO3), salt solution (NaCl and 
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Treatment of Pharmaceutical Wastewater	 235

CaCl2 2 2Cr2O7, KMnO4, and H2O2) and 

i.	 Powdered Activated Carbon (PAC): 

mm.

ii.	 Granular Activated Carbon (GAC): 

iii.	 Extruded Activated Carbon (EAC): 

It is a typical activated carbon Ap
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236	 Advances in Water and Wastewater Treatment

2

185 mg g

m2 g
under coequal operating situations by another commercial activated carbon 

2 g ) adsorbed 328, 338, and 394 mg g

2 g
2 g

2 g

g
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Treatment of Pharmaceutical Wastewater	 237

2CO3
2 g ) compared 

2CO3 (1963 m2 g ). Hence, a better 
 to 346 mg g

Aegle marmelos
biochar has 4.4 and 308 m2 g  
adsorption capacities respectively (Chakraborty et al., 2018).

Pharmaceuticals in the Literature

Pharmaceuticals Precursor for 
Activated Carbon

Activation 
Method Area (m2g–1)

Removal 
Efficiency 
(mg g–1)

References

Commercial activated 
carbon

1,225 328
(2009)

Commercial activated 
carbon

851 144.9

Activated carbon 851 185

Penicillin G Commercial activated 
carbon HCl

1000 290
(2005)

Acetaminophen Granular activated 
carbon

1,100 87.50
al. (2019)

Granular activated 
carbon

1,100 466.40
al. (2019)

Granular activated 
carbon

1100 1961.26
al. (2019)

Pineapple plant 
leaves H3PO4

1031 155.50 Beltrame et al. 
(2018)

Grape stalk
3PO4

1099.86 19.575 Portinho et al. 
(2017)

Macadamia nutshell NaOH 1524 455.33 Martins et al. 
(2015)

Aegle marmelos 4.4
308

5.00
12.66

Chakraborty et al. 
(2018)

Ranitidine Aegle marmelos 910.31
(2018)

Atenolol Apple tree small 
branches

K2CO3

KOH
1963
2472

346
556

Marques et al. 
(2018)
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238	 Advances in Water and Wastewater Treatment

thermal stability, chemical inertness, lubricity, and high electrical conduc

lubricants, metallurgy, steelmaking, and more recently pollutants are treated 

2

2020). According to reports, graphite has been employed as a prototype 

4, HClO4, and 
(CH3CO)2

Fe3O4
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Treatment of Pharmaceutical Wastewater	 239

as an adsorbent using H2O2 as the oxidant and H2SO4 as the intercalant, 

CH2, and CH3) at 2967 cm , and 

, 29.0 , 31.1 , 32.7 , 36.1, 50.2 , 
and 60.0  are characteristic Mn3O4

3O4
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240	 Advances in Water and Wastewater Treatment

(Alshabanat, 2019).

Several reports have been published in reputable outlets on pharmaceutical 

important pharmaceutical pollutants. Egbedina et al. (2022) examined 

. According to kinetic 
2

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Treatment of Pharmaceutical Wastewater	 241

variables including applied voltage, pH, electrolyte concentration, and initial 

parameters did not result in any notable redox peaks on the cyclic voltam
 at an open 

circuit voltage to 1.915 mg g
 to 0.111 min . At pH 

2SO4), the electrosorption process 

adsorption capacity values (400 and 433 mg g , respectively). Additionally, Ap
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SEEO

4 
2O2 or S2O8

2

max 
compared better to the calculated qe

2 bonds packed closely together 
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Treatment of Pharmaceutical Wastewater	 243

advancements (Saravanan et al., 2022). Potential applications include 

nanosheets are produced that are stable in aqueous dispersions and have 

coverings are prepared using synthetic methods (Novoselov et al., 2012). 
3

3 into 

annealing at 900 C in an inert argon atmosphere, and heat treatment in an 
inert atmosphere at 900

 and 1590 
cm

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



244	 Advances in Water and Wastewater Treatment

2 

2
, 1335 cm , and 1026 cm , 

2

2

2

its total removal capability up to 660 mg g

Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use



Treatment of Pharmaceutical Wastewater	 245

chemically and mechanically stable, and having strong electrical and thermal 

(2D) structural arrangement, having a hexagonal and crystalline structure 

•	 2

tion applications.
•	

hydroxyl, carbonyl, carboxyl, and epoxide, that provide active sites 

and also aid GO dispersion in a polar medium.

2D GO nanomaterial has quite some advantageous properties including rich 
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GO possesses interesting characteristics including hydrophilic, adsorptive, 
and antibacterial properties. Its hydrophilic and adsorptive properties are 

and at times hydrophobic interactions (Polak et al., 2021).

2 
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al., 2019).

3 2SO4

4

3

4  
and MnO2

in vacuo

ii.	 Top-Down Method: 
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248	 Advances in Water and Wastewater Treatment

al., 2019).

in an aqueous medium, enhanced biocompatibility, colloidal stability, good 

2017).

be 204.08 mg g  and 13.89 mg g

mg g

C to 45
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110

membranes and chemical methods respectively, as the observation is related 

g ), paracetamol 
(350.6 mmol g ), and phenacetin (316.1 mmol g

capacity at the 5th adsorption cycle (Shan et al., 2017).
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2

Ḑ3000 Wm K

tivity (comparable to copper) and could be either metallic or semiconducting. 
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2 g

2 g

a precursor.

iii.	 Chemical Vapor Deposition Process: 
hydrocarbons (such as methane, ethylene, acetylene) and carbon 
monoxide.

transition metals added as catalysts during the preparation (He et al., 2013).
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•	

over the physical characteristics.
•	
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such as adsorbent dosage, initial concentration, ionic strength, pH, and 
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vated carbon, graphite, graphene, graphene oxide, and carbon nanotubes 

prepared through in situ hydrothermal and reduction methods. Graphene 
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	• adsorption
	• extruded activated carbon
	• functionalized-carbon
	• granular activated carbon
	• pharmaceuticals
	• powdered activated carbon
	• wastewater

Bioresource Technology, 160

Russian Journal of Physical Chemistry A, 94

S0036024420130038.

Desalination and Water Treatment, 57

Process Biochemistry, 40
procbio.2004.02.014.
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Chemical Engineering Journal, 373

Journal of Environmental Management, 113

The Egyptian Journal of Aquatic Research, 45

Journal of 
Composites Science, 4

Science of the Total Environment, 635

Jatropha curcas
aqueous solution. Pak. J. Anal. Environ. Chem. Vol., 17

2 Jordan Journal of Chemistry, 1(1), 

pineapple plant leaves. Ecotoxicology and Environmental Safety, 147

Sustainable Environment Research, 30

Waste Management and Resource Efficiency 

Water Research, 137

Separation Science and Technology, 45

carbons. Materials Today Energy, 9
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Isotherm, kinetics, thermodynamics and cost estimation. Process Safety and Environmental 
Protection, 118

Journal of the Taiwan Institute of Chemical Engineers

Polymers
polym10090958.

Scientific Reports, 11

Langmuir, 26

Industrial and Engineering Chemistry Research, 57

Journal of Environmental Health Science and Engineering, 17

Industrial and Engineering 
Chemistry Research, 58

Journal of Environmental Management, 85

Journal 
of Environmental Chemical Engineering, 8

Applied 
Sciences, 9

Journal of Cleaner Production, 372
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Chemical 
Engineering Research and Design, 188
cherd.2022.09.042.

Scientific Reports, 9

Nature Materials, 6

Desalination and Water Treatment, 53(3), 

derived single graphene sheets. Nano Letters, 8
nl801384y.

BioMed Research International, 2013, 

membranes. Membranes, 12, 562.

method to eliminate organic dyes in aqueous solution. Cogent Engineering, 6(1), 1584939. 

High-Risk Pollutants in Wastewater

Preparation of Graphitic Oxide

model adsorbent. Adsorption Science & Technology, 38

Carbon, 80

Exploration, 
84

Chemical Engineering Journal, 398
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Environmental Science and Pollution 
Research, 24

and thermodynamic study. Applied Water Science, 7

A. Environmental Pollution, 182

Journal of Molecular Liquids, 196

Journal of Cleaner Production, 238, 

kinetic and thermodynamic modelling. RSC Advances, 11

Chemical 
Engineering Research and Design, 153

Chemical Engineering Journal, 345

Chemical Engineering Journal, 260

Salvinia 
auriculata
sorption mechanism study. Environmental Technology, 38

Ecotoxicology and Environmental Safety, 150
ecoenv.2017.12.041.

Carbon-Based Material 
for Environmental Protection and Remediation

Nature, 490
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Environmental Science and Pollution Research, 28

Activated Carbon: Classifications, 
Properties and Applications

interactions. Scientific Reports, 6

Handbook of Carbon, Graphite, Diamonds and Fullerenes (pp. 

Desalination and Water Treatment, 214

through adsorption. Journal of Environmental Management, 202

Chemosphere, 222
chemosphere.2019.02.009.

Graphene-based Nanotechnologies for Energy and Environmental Applications. Elsevier 

bioadsorption on activated carbon. Journal of Hazardous Materials, 170

Professional Paper 1802–J.

Royal 
Society Open Science, 8

onto graphene and graphene oxide nanosheets through equilibrium, kinetic and 
thermodynamic modeling. Process Safety and Environmental Protection, 102

Journal of Chemistry, 2013

Separation Science and 
Technology, 56
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Chemosphere, 298

Materials Science- 
Poland, 33

Carbon, 119

Chemical 
Engineering Journal, 324

Pure and Applied Chemistry, 
57

Aegle marmelos
Arabian Journal for Science and 

Engineering, 43

Nano 
Materials Science, 1

Journal of Nanomaterials, 2014

2 Science of the Total 
Environment, 651

Journal of Carbon Research, 3
c3020018.

An Introduction to Synthetic Graphite. Asbury Graphite Mills 
Inc.

Journal of the Taiwan Institute of 
Chemical Engineers, 74

and magnetic CoFe2O4 decoration. IIUM Engineering Journal, 20

Carbon, 108
carbon.2016.07.018.
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on silica. Environmental Chemistry Letters, 5

Solid Fuel Chemistry, 47

Korean Journal of Chemical 
Engineering, 27

Journal of Hazardous Materials, 
183

Nanomaterials, 9(439), 

Ntchantcho, R., et al., (2022). Pharmaceutical Pollution of the World’ s Rivers, 119(8), 

Applied Clay Science, 50

Clean Water, 5

Scientific Reports, 4

Chemical Engineering Journal, 285

Advances in Colloid and Interface Science, 149(1, 2), 

Journal of Cleaner Production, 202, 

its applications. Study on the development trends in research and on the implementation 
Journal of Nanotechnology 

Research, 4Ap
pl

e 
Ac

ad
em

ic
 P

re
ss

Au
th

or
 C

op
y

Non Commercial Use


	Blank Page

