ABSTRACT

REMOVAL OF CIPROFLOXACIN FROM AQUEOUS SOLUTION

USING GUAVA LEAF POWDER

Tay Chin Inn

In this work, feasibility of using guava leaf powder (GLP) as adsorbent
for the adsorption of Ciprofloxacin (CIP) from aqueous water was investigated.
The effect of process parameters including pH, contact time and initial CIP
concentration on the removal of CIP was studied. The optimum pH for the
adsorption of CIP was found to be at pH 4. The adsorption was rapid at the initial
stage and equilibrium was achieved in 60 minutes. The uptake of CIP was found
to decrease with increasing initial CIP concentration. Characterization of GLP
was carried out by using SEM, AFM and FTIR. Lanngmuir and Freundlich
isotherm models were applied to describe the adsorption of CIP onto GLP. Both
of the Langmuir and Freundlich isotherm models fitted the equilibrium data well,
giving linear correlation coefficient of 0.9965 and 0.9981, respectively. The
maximum adsorption capacity (gm) was found to be 232.56 mg/g. The adsorption
kinetics were analysed using pseudo-first order and pseudo-second order

kinetics models. The experimental data was found to conform well to the pseudo-



second order kinetic model. By applying Plackett-Burman design, contact time

and pH were found to be the influential parameters for the uptake of CIP.



ABSTRAK

Dalam projek ini, potensi menggunakan serbuk daun jambu batu sebagai
penjerap untuk penyingkiran Ciprofloxacin (CIP) daripada larutan akues telah
dikaji. Pengaruhan pH, masa sentuhan dan kepekatan awal CIP terhadap
penyingkiran CIP telah dikaji. Keupayaan serapan maksimum telah didapati
pada pH 4. Penjerapan CIP adalah cepat di peringkat awal dan keseimbangan
telah dicapai dalam 60 minit. Di samping itu, penjerapan CIP telah didapati
menurun dengan peningkatan kepekatan awal CIP. Pencirian serbuk daun jambu
batu telah dikaji dengan menggunakan SEM, AFM dan FTIR. Model-model
isoterma Langmuir dan Freundlich telah digunakan untuk menggambarkan
penjerapan CIP ke atas serbuk daun jambu batu. Kedua-dua model Langmuir
dan Freundlich menunjukan keputusan yang memuaskan, dengan Kkorelasi
sebanyak 0.9965 untuk model Langmuir dan 0.9981 untuk model Freundlich.
Keupayaan penjerapan maksimum didapati sebanyak 232.56 mg/g. Kajian
kinetik menunjukkan kolerasi yang bagus bagi model kinetik pseudo kadar
kedua. Dengan menggunakan reka bentuk Plackett-Burman, masa sentuhan dan
pH telah didapati sebagai parameter yang penting dalam menpengaruhi

penjerapan CIP.



ACKNOWLEDGEMENT

First of all, I would like to express my gratitude and sincere appreciation
to my supervisor, Asst. Prof. Dr. Ong Siew Teng for her valuable advice,

guidance and encouragement throughout this final year project.

Next, | also wish to express my gratitude towards Chemistry
postgraduate students, especially Ms Liew Shu Wei for the helpful suggestion

and advice which had helped me to complete my project.

Then, 1 would like to thank to Universiti Tunku Abdul Rahman (UTAR),
for providing lab facilities to complete my project. | would also like to take this
opportunity to thanks all the laboratory staff in Faculty of Science who always

provide assistance and technical support throughout my project.

Last but not least, | would like to thank to my beloved family and friends

for their encouragement and unconditional supports during the project.



DECLARATION

| hereby declare that the project report is based on my original work except for
quotations and citations which have been duty acknowledged. I also declare that
it has not been previously or concurrently submitted for any other degree at

UTAR or other institutions.

(TAY CHIN INN)

Vi



APPROVAL SHEET

This project report entitled “REMOVAL OF CIPROFLOXACIN FROM

AQUEOUS SOLUTION USING GUAVA LEAF POWDER” was prepared

by TAY CHIN INN and submitted as partial fulfillment of the requirements for
the degree of Bachelor of Science (Hons) Chemistry at Universiti Tunku Abdul

Rahman.

Approved by:

(Asst. Prof. Dr. ONG SIEW TENG) Date :

Supervisor
Department of Chemical Science
Faculty of Science

Universiti Tunku Abdul Rahman

vii



FACULTY OF SCIENCE

UNIVERSITI TUNKU ABDUL RAHMAN

Date:

PERMISSION SHEET

It is hereby certified that TAY CHIN INN (ID No: 13ABD02715) has
completed this final year project entitled “REMOVAL OF CIPROFLOXACIN
FROM AQUEOUS SOLUTION USING GUAVA LEAF POWDER” under the
supervision of Asst. Prof. Dr. Ong Siew Teng (Supervisor) from Department of

Chemical Science, Faculty of Science.

| hereby give permission to my supervisor to write and prepare manuscript of
these research findings for publishing in any form, if | do not prepare within six
(6) months times from this date, provided that my name is included as one of the

authors for this article. The arrangement of name depends on my supervisor.

Yours truly,

(TAY CHIN INN)

viii



TABLE OF CONTENTS

Page

ABSTRACT i
ABSTRAK \Y
ACKNOWLEDGEMENTS Y
DECLARATION vi
APPROVAL SHEET vii
PERMISSION SHEET viii
LIST OF TABLES Xiii
LIST OF FIGURES Xiv
LIST OF ABBREVIATIONS XV

CHAPTER
1 INTRODUCTION

1.1 Environmental Impact 1

1.2 Antibiotics 2

1.2.1 Ciprofloxacin (CIP) 3

1.3 Types of Method for Removal of Antibiotic 5

1.4 Adsorption 6

1.4.1 Sorbent used: Guava Leaf Powder (GLP) 7

1.5  Statistical Analysis 8

1.5.1 Plackett-Burman (PB) Design 8

1.6 Objectives 9



LITERATURE REVIEW

2.1  Previous Studies Using Guava Leaf as an Adsorbent
2.2 Previous Studies on Antibiotics Removal
2.2.1 Removal of Ciprofloxacin
2.2.2 Removal of Other Antibiotics
2.3 Optimization Study
METHODOLOGY
3.1  Preparation of Adsorbent
3.2 Preparation of Ciprofloxacin Solution
3.3 Batch Adsorption Experiments
3.3.1 Effect of pH
3.3.2 Effect of Contact Time and Initial Concentration
3.3.3 Study of Adsorption Isotherm
3.4  Determination of pHp.c of Adsorbent
3.5  Optimization Study Using Statistical Approach
3.5.1 Plackett-Burman (PB) Design
3.6 Characterization of Adsorbent

3.6.1 Fourier Transform Infrared (FTIR) Spectroscopy
3.6.2 Scanning Electron Microscope (SEM)

3.6.3 Atomic Force Microscopy (AFM)

RESULTS AND DISCUSSION

4.1

Characterization of Adsorbent
4.1.1 Fourier Transform Infrared (FTIR) Spectroscopy
4.1.2 Scanning Electron Microscope (SEM) Analysis

4.1.3 Atomic Force Microscopy (AFM) Analysis

10
10
12
12
14

16

18
18
18
19
20
20
21
21
22
22

22

23
23

24

24

27

29



4.2

4.3

4.4

4.5

Effect of pH

Effect of Contact Time and Initial Concentration

4.3.1 Adsorption Kinetic Study
43.1.1 Pseudo-First Order Kinetic Model
43.1.2 Pseudo-Second Order Kinetic Model

Sorption Isotherm

4.4.1 Langmuir Isotherm Model

4.4.2 Freundlich Isotherm Model

Optimization Study

45.1 Plackett-Burman (PB) Design

5 CONCLUSION

5.1

5.2

Conclusion

Further Studies

REFERENCES

APPENDICES

A UV-Vis single beam spectrum of CIP

B Calibration curve of CIP

C Effect of pH on percentage uptake of CIP by GLP

D Determination of pHpzc of GLP

E Effect of contact time and initial concentration on
percentage uptake of CIP by GLP

31
35
38

38

46
46
50
53

53

58
58

59

61

69

70

71

72

73

Xi



Pseudo-first order and pseudo-second order parameters
for adsorption of CIP by GLP

Langmuir and Freundlich isotherm parameters for CIP
adsorption by GLP

FTIR spectrum of GLP before adsorption of CIP

FTIR spectrum of GLP after adsorption of CIP

74

76

77

78

Xii



Table

11

4.1

4.2

4.3

4.4

4.5

4.6

4.7

LIST OF TABLES

Ten most common antibiotics prescribed to medicare
part D beneficiaries

Band assignment of GLP before and after adsorption of
CIP

Parameters of pseudo-first and pseudo-second order
kinetics model for CIP adsorption onto GLP at different
initial concentration

Nature of adsorption and its R, value
R values of different CIP concentrations

Isotherm parameters and correlation coefficents for the
adsorption of CIP by GLP

Plackett-Burman design and the predicted and observed
response for the adsorption of CIP

Regression analysis (ANOVA) for the adsorption of
CIP

Page

27

45

50

50

53

56

57

xiii



Figure

11

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

411

412

LIST OF FIGURES

Structure of Ciprofloxacin

FTIR spectrum of GLP before adsorption (blue) and
GLP after adsorption (black)

SEM micrograph of GLP before adsorption with
magnification of 5000

SEM micrograph of GLP after adsorption with
magnification of 5000

AFM micrograph of GLP before adsorption of CIP
AFM micrograph of GLP after adsorption of CIP
Chemical structure of CIP and its ionic species in
aqueous solution at different pH values

Effect of pH for CIP adsorption onto GLP

Effect of contact time and initial CIP concentration for
CIP adsorption onto GLP

Plot of pseudo-first order for CIP adsorption onto GLP
Plot of pseudo-second order for CIP adsorption onto

GLP

Langmuir isotherm plot for the adsorption of CIP onto
GLP

Freundlich isotherm plot for the adsorption of CIP onto
GLP

Page

25

28

28

30

30

31

34

37

40

44

49

52

Xiv



AMX

ANOVA

BC

Ce

Co

Ct

CIpP

CR

FDA

FESEM

FTIR

GLAC

GLP

H3POg4

HCI

LIST OF ABBREVIATIONS

Amoxicillin

Analysis of variance

Bamboo-based carbon

Concentration of adsorbate at equilibrium

Initial concentration of CIP

Concentration of CIP at equilibrium stage

Ciprofloxacin

Congo Red

Food and Drug Administration

Field emission scanning electron microscopy

Fourier Transform Infrared Spectroscopy

Guava leaf-based activated carbon

Guava Leaf Powder

Initial sorption rate

Phosphoric acid

Hydrochloric acid

Xv



IUPAC

K1

K>

KL

KBr

MB

MNZ

NaOH

OoMC

PB

pHi

pHs

PHpzc

pKa

Qe

Om

International Union of Pure and Applied Chemistry

Rate constant of pseudo first-order kinetics

Rate constant of pseudo second-order kinetics

Freundlich constant for adsorption capacity

Langmuir adsorption constant

Potassium bromide

Methylene Blue

Metronidazole

Freundlich constant for adsorption intensity

Sodium hydroxide

Ordered mesoporous carbon

Plackett-Burman

Initial solution pH

Final solution pH

pH of zero point charge

Acid dissociation constant

Amount of adsorbate adsorbed at equilibrium

Maximum adsorption capacity

XVi



Qt

RZ

RL

RB5

RO16

RSM

SEM

ApH

Amount of adsorbate adsorbed at time t

Linear correlation coefficient

Dimensionless separation factor

Reactive Black 5

Reactive Orange 16

Response Surface Methodology

Scanning Electron Microscope

Change in pH

XVii



