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ABSTRACT

During the tanning step, 30—40% of trivalent chromium remains in the solid and liquid wastes,
generating highly polluted sewage. Chromium is a toxic heavy metals and once it is mobilized in
the aquatic ecosystem greatly endangers the life of aquatic organisms that use water for survival
and also to people who consume fish causing several irreversible damages such as genetic defects,
impairment of pulmonary and kidney function. In this study, zeolite was used as a low-cost
adsorbent to remove trivalent chromium from tanning effluent. Batch adsorption experiments on
zeolite were performed. After samples were filtered, and the uptake of chromium was determined.
A 3-level Box-Behnken Design was used to study the combined effect of contact time, pH values

and adsorbent dose on the removal of trivalent chromium.

The study was done in skyfat tannery located in Jinja, Ugandass. The effects of pH (3—8), contact
time (5—60 mins), and adsorbent dose (0.1-1g) and their interactions were investigated using
response surface methodology following a box Behnken design. Optimum adsorption capacity
(92.21%) was obtained at pH 4.41, contact time 31.667 minutes and adsorbent dose 0.6545g by

response surface plots and response optimizer in Minitab 20.0 software



APPROVAL:

This research proposal is submitted as a partial fulfillment for the award of Bachelor of Water

Resources Engineering at Busitema University, with my approval as the academic

supervisor

Name: .........ooviviiiinn.
Academic Qualifications: ...................... Rank: ...

Department: ............... Faculty:
Signature: ...............



LIST OF FIGURES

Figure 1:The schematic of the leather tanning Process.........c.uuveeerviiieeriiiiieeeiiiee e e eiieee e 7

Figure 2: work plan



LIST OF TABLES

Table 1:Showing the leather factories in Ugan

Qe 5

Table 2:Physio-chemical characteristics of tannery waste Water ............ccceevveeeniieeniieeniieeennnen. 10

Table 3: Tannery waste water treatment phase

Vi



TABLE OF CONTENTS

Contents
1  CHAPTER ONE: INTRODUGCTION: ..ciiitttiieiittiee ettt e ettt e sttt e e ettt e e e ebee e e s s btt e e e s eateeeeesabbeeesaabeeeessneee 1
1.1 BACKGROUND.....ceiiiitiiteeiittee ettt ettt e ettt e e ettt e e e bt e e e e s abeeeesaabeteeesaabeeeeeaabeeeesanbaeeesanbanaeanns 1
1.2 PROBLEM STATEMENT ...ttt ettt ettt ettt ettt e ettt e e sttt e e s ettt e e e s eabeeeesaabeeeessnbeeeesanneaeennns 2
1.3 PURPOSE OF THE STUDY ...cetitiiiiiitee ettt e e e eitee e ettt e s sttt e e s sibeeeessbtteeesaabeeeesanbbeeessnsbaeeesanseeeennns 3
1.4 JUSTIFICATION OF THE STUDY ...etttiiiiiieteeniiieeeeiite e ettt e e ettt e e s ebtte e e s itteeessabaeeessabeeeesebeeeeesneee 3
1.5  OBJECTIVES OF THE STUDY...cciiutittiiiiiieeertiie e e ettt e e sttt e e ettt e e s sbtte e s e ibte e e s sabaeeessabbeeessbbeeeesnnee 3
15.1 Y T aJe] o= 4 LT 3
1.5.2 Yo J=Tol 1 [ole] o= 4 V=TT 4
1.6 SCOPE OF THE STUDY ..ceiiuititteiitiee e ettt ettt e ettt e e sttt e e sttt e e e s bbte e e ssabteeesaabeeeeseabbeeessnbeeeesnnnne 4
1.6.1 (0o o [ol=Y o {UF1 [T ol ] o LIRS 4
1.6.2 LCT=ToTo{ =T o] a1 Lo 1 Iy ole] o LI 4
1.6.3 T8 SCOPIE ittt ettt ettt e e e e e ettt bbb e e e e e e e ettt b e e e e e e e et tb b e e e e e eeearbba e eaaas 4
2 CHAPTER TWO: LITERATURE REVIEW ......ciiiiiiiiiiiiiiee ettt ettt ettt e sttt e e s eitte e e s sabaeeessnaeeeeas 5
21 INTRODUGCTION....ceitiuititeeeitiee e ettt e e e ettt e s ettt e e e sttt e e e ssabbeeessabbeeessabbaeessnbteeessasteeesasbaeessnnsaeeesnans 5
2.2 LEATHER PRODUCTION IN UGANDA .....ooiiiiiiiteeeiieee ettt e ettt e e s sitee e s siite e e s sanbeeessbbaeessnabaeeesans 5
2.3 THE LEATHER TANNING PROCESS.....cceittttiiiiiiteeeiiiee ettt e e sttt e e sttt e e s sitbeeesssbaeeessabteeessnnraeeens 6
2.4 CHARACTERISTICS OF WASTEWATER:......coiiiiiitiiiiiieeeeriieee ettt e e s sitte e e s siteeessabaeeessabaeeessnbeaeeees 9
2.5  TREATMENT OF TANNERY WASTEWATER.......ceitiiiittiiiiteeeniieeeesiiteessiiteeessiireeessbreeessnreeee s 10
2.6 CHROMIUM REMOVAL FROM TANNERY WASTEWATER ...ccceeiiiiiiiiiieiee et 11
2.6.1 ADSORPTION ...ctitieiititte ettt ettt ettt e s ettt e s sttt e e e s sabbe e e s sabbeeessbbaeeessabbeeessabbaeesssraeeesans 12
2.6.2 CHEMICAL PRECIPITATION .....cttitiiiiiiee e ettt e ettt e e eiite e s sttt e e s sitte e e s snbeeessnbaeessabaeeessnneeas 12
2.6.3 COAGULATION AND FOCCULATION ...cuttiittteeeeeiiiirtee e e e e e ettt e e e e s e e sinereeeeee s s s ssaarbeaeeeeens 13
2.6.4 ELECTROCHEMICAL TREATMENT (ECT) .eetiiittieeiiteee ettt e eeiieee e eeittee e e siete e e s siree e e s sreee e 13
2.6.5 ELECTROCOAGULATION (EC) c.uiiiieeiiiiteeeeiitee ettt ettt e sttt e st e e s sitt e e e s sateeeesenreeeaeans 14
2.6.6 ELECTRO-FOTATION (EF)...uetiiieiiiie ettt ettt ettt ettt e e s atee e e e abeee e e 14
2.6.7 ELECTRO-OXIDATION (EO) ..ttieeiiiite ettt eittee ettt e e eitte e ettt e e s eabeee e s sttt e e e s abeeeeseareeeaeans 15
2.6.8 MEMBRANE FLTRATION ....etiiiiiiiiiteeiiitee ettt e ettt e e ettt e e sttt e e e sibeee e ssbateesssateeeesnreeeanans 15
2.6.9 ELECTRODIALYSIS (ED) .ceeiuuttteeiiiite e ettt e sttt e sttt e e ettt e e e sitee e s sabaee e ssabeeeessaseeeessnraeeanans 15
2.6.10  TON EXCHANGE.......oiiiiiitie ittt ettt ettt ettt e et e e e st e e e s eabe e e e s sabeeeeesbbeeeesnreeeas 16

vii



2.7 ZEOLITES ..ottt ettt ettt e e et e e e e e e e e e e e e e e e e nnnnnnnrennnnne 16

2.7.1 INTRODUGCTION ...ttt eeittee ettt ettt e ettt e e sttt e e e e bb e e e e s abe e e e saabeeeesaabeteesaanbaeeesanraeeanans 17
2.7.2 STRUCTURE OF NATURAL ZEOLITE .....etititiiteeiiiteeeeiitee ettt ettt e et e st e e s ebeee e e 18
2.7.3 CHEMICAL PROPERTIES ...ceiiiittieeiiitee ettt ettt ettt e e st te e sttt e e sttt e e s s nreee s seabeeeeeeanes 18
2.7.4 o SN Aot | W e T o] o 1T o A =T 19
2.7.5 Classification of Natural Zeolite DepOoSitS......cciviiiiiiiiiiiiiii, 19
2.7.6 YT QYL oY =Y/ 1=1 o o 20
2.7.7 o (o Tol T | o T PO PP P P PP PP PR PPPPPPPPIN 21
2.7.8 Economic factors of Natural Zeolite........cccuuviieiiiiiiiii e 21
2.7.9 Environmental regulation in Uganda:......ccooiiiiiiiiiiiieciie s 22
2.8 NATURAL ZEOLITE OCCURRENCE IN UGANDAL......coitititeeeiiitee e eittee e sitee e eieee e s sieee e e sieeee e 22
2.8.1 Zeolites and allied minerals in Mt. EION.........uuuiiiiiiiiiiiiiiiiiiiieeieeeeereerereereeeeereeeeeereeer. 22
2.8.2 Occurrence Of these MINEIALS; ....uuuuiiei i e e e e e e e eee e e e e e e eeeasanas 23
2.8.3 Other Occurrences in other parts of Uganda........ccccceeiiii 24
2.8.4 Factors that make natural zeolite appealing for chromium removal:............................... 24
CHAPTER THREE: METHODOLOGY.......c.utittiiiiiteee ittt e ettt e s sttt e e s sttt e s srabeeeessbseeesssteeessnbaeeesnaseeeess 25
3.1 CHARACTERIZATION OF THE TANNERY WASTE ....uitiiieiiitee ettt ettt e s e s 25
3.1.1 Y= T001 11 o= PP PPPPPPPPPPRE 25
3.1.2 SAMPIING PrOCEAUIE ...eviiiiiiiiiiiiiiieetteettteeeeeeeeeeeeeeeeeeeeeeeeeeeesaeaeeseeeeaeeeeeesseseeeeessesesssssssnnrnnns 25
3.1.3 Determination of physical parameters of the tannery water samples ........ccccccvvceeeneenns 25
3.14 Determination of heavy metals in tannery water samples ..........cccccoeeeiii . 27
3.15 Determination of Electrical Conductivity (EC) By Conductivity Meter...........ccccvvvveeeeennnn. 28
3.2 CHARACTERISATION OF NATURAL ZEOLITE......ctttiiiiieeeiriieeeesiiieeeeiiteeessireeessnieeesssineeeessanneas 29
3.2.1 Chemical composition of Natural Zeolite.........uvvviiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 29
3.2.2 Physical properties of Natural Zeolite .......cooeveeeeeeeeieeii 29
3.3  OPTIMIZE THE PROCESS CONDITIONS AND DETERMINE THE ADSORPTION CAPACITY OF
NATURAL ZEOLITE FOR CHROMIUM .....ctiiiiiiiiieeeeiiiee ettt eite e et e sttt e e s stbae e s ssataeeessnsbaeessnnnaeeeens 30
3.3.1 EXperimental Variables ..o 30
3.3.2 DESigN Of EXPEIIMENTS ...viiiiiiiieiiiiiieeeee ettt e e e e e e s s bbb be e e e e e s sssabbbbeeeeeessnnnns 30
3.33 BatCh @XPEIIMENTES. ...t e e e e e e ettt e e e e e e ettt aaaaaaae 30
3.3.4 DETERMINATION OF OPTIMUM PROCESS CONDITION.....ccoctttteiiiieeeniieeeesiieeeeseveeee e 32
CHAPTER FOUR: RESULTS AND DISCUSSION .....utttttiieiiiiiiiittteeeeeeeaiireeeeeeeesesirreeeeeeesssssnnrneeeeaaeeas 34



4.1 CHARACTERIZATION OF TANNERY WATER.....ccittiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeee ettt 34

4.2  CHARACTERIZATION OF NATURAL ZEOLITE.......uttitiiiiteeeaiiteeeeieee ettt e e e eiete e st e e s eeeee e e eaee 35
4.2.1 Chemical composition of Natural Zeolite ......ccoceeviiiiiiiiiiiii e, 35
4.2.2 Physical properties and other properties of natural zeolite..........ccccoeeeeeeiiiriiiiiiiiinnnnnnn, 36

4.3 DETERMINATION OF ADSORPTION CAPACITY OF CHROMUIM ON ZEOLITE.......ccoveeeeriinnnnnen. 37
43.1 EXPEIMENTAl FSUIES ... s 37
4.3.2 Effect of adsorbent dose 0N adSOrPtioN .......ccccciioiiiiiiircr s 38
4.3.3 Effect of pH 0N @dSOrptioN ... ... s 39
43.4 Effect of contact time on adsorption CapaCity .....cooeeeeeiiiiiiiiiiciccc 41

4.4  OPTIMIZATION OF PROCESS CONDITIONS ....cutiiiitieeeeiiiiietttee e e e eeiirreee e e e e e e siireeeeee e e s e senreeeees 42
441 REEIressioN MOEl.....ccooiiiiiii i, 42
4.4.2 Optimum factor values for effective adsorption capacity.........ccccccvviii, 45
CHAPTER FIVE: CONCLUSION AND RECOMMENDATIONS ....cottitiiiiiiiiteteeeeeseiiieeeeee e e e e eiireeeeeee e 48

5.1 CONCLUSIONS. ...ttt ettt e ettt et e e e e sttt et e e e e s e asbbeeeeeeeessaannbbbeeeeaeessaannsbbbaeaeeessannnnes 48

5.2 RECOMMENDATIONS.....eeeetieee ettt e ettt e e e e s ettt e e e e e s st b et e e e e e s ssanbbbeeeeeeesssanssneeeas 48

53 REFEIEINCES ...ttt ettt e e e e e s s bbbt e e e e e e s ssaabbb e e e e e e e s ssanbseeeeas 49



LIST OF ACRONYMS

NTU Nephelometer Turbidity Unit
TSS Total Suspended Solids
XRD X-Ray Diffraction

XRF X-ray Fluorescence



ACKNOWLEDGMENT

First and foremost, I thank the Almighty God for giving me good health and strength to work. I

appreciate my parents for supporting and motivating me throughout the year.

I am greatly indebted to Mr. Wangi Mario, Mr.Tigalana Daniel, Mr. Bagoole Christopher, Mr.

Gezaho Ronald, Mr. Nasasira Michael Bakamaa for advising and guiding during project research.

Special thanks goes to water quality managers Mr. Ssebulime stevephen of the Wandegeya
analytical laboratory Environment, for giving me the opportunity to perform my research tests in

laboratories under their supervision.

I also appreciate all my fellow classmates for guiding me during proposal and project research

preparations.

Xi



1 CHAPTER ONE: INTRODUCTION:

1.1 BACKGROUND

In the tannery world, there are two basic types of tanning systems, vegetable tanning which is done
using plant extracts such as tree backs, fruits and chrome tanning which is done using chemicals
like chromium sulfate, acid dyes, salt, and other chemicals. However, chrome tanning is preferred
mainly due to the high pollution load and low treatability associated with vegetable tanning
(Tadesse & Guya, 2017).

About 60-70% of total chromium salts used in chrome tanning reacts with the hides and the rest
of the 40-30% remain in the solid and liquid. The leather industry consumes more than 50 m* of
water for processing 1 tonne of raw hides (Mottalib et al., 2015).One of the major emerging
environmental problems in the tanning industry is the disposal of chromium contaminated sludge

produced as a by-product of wastewater treatment. Tannery effluents severely affect the mitotic

process and reduce seed germination in extensively cultivated pulse crops.

At high concentrations, chromium is toxic, mutagenic, carcinogenic, and teratogenic. Its toxicity
may damage human organs including kidney and liver as well as can cause dermatitis and
gastrointestinal ulcers. Chromium exists in the oxidation states of Cr (II), Cr (III) and Cr (VI)
where the hexavalent form of Cr is 500 times more toxic than the trivalent one. In the presence of
certain naturally minerals such as MnO», Cr (III) can easily be oxidized to Cr (VI) in the soil
environment. Various treatment procedures such as adsorption, chemical precipitation,
electrocoagulation, ion exchange, electrodialysis, and membrane separation are available for
removal of Cr from wastewater (Covarrubias et al., 2005). Among these, chemical precipitation
using calcium hydroxide is a technique commonly employed in many tanneries including skyfat
tannery, but this method greatly associated with heavy sludge formation in which chromium is
compounded and easily gets mobilized to the environment where it harms many species of
organisms. Other advanced treatment techniques, such as ion exchange, reverse osmosis,
electrocoagulation, membrane filtration, and electrodialysis are effective for removing Cr (VI), but
these are expensive and produce concentrated wastes that require subsequent treatment and

disposal.



RSM is a collection of mathematical and statistical techniques used for modelling and analysis of
problems on which the response of interest is influence by several variables and the objective is to

optimize the response. (Tadesse & Guya, 2017)

RSM has to two designs, central composite design (CCD) and box Behnken design (BBD).

In this study BBD was used which involves 3-level for each of the factors of contact time, zeolite

dose and pH.

Zeolite was formed millions of years ago when the ash volcanoes reacts with alkaline
water.Zeolites are aluminosilicate solid with honey-comb framework containing a negative charge
that is counterbalanced by cations such as Na, Ca, Mg. It is these cations that are exchanged in
preference to the cations in the aqueous solution. This cation exchange property has famed zeolite
in the scientific community making it an indispensable tool for treating waste water mostly
containing heavy metals, it was famously used decontamination of Chernobyl after nuclear power

disaster (Rhodes, 2010).

The case study of this research will be Skyfat tannery Co Ltd which is a Chinese-owned tannery
located in Nyanza close, around the shores of Lake Victoria, Jinja district Uganda. it processes
around 1500 -2000 hides per day and process them into wet blue hides and skins for export (NAPE,
2009a).

1.2 PROBLEM STATEMENT

Tanneries that indulge in chrome tanning such in Uganda continue to dissipate chromium beyond
the accepted the limit of 0.5 mg/L (Water, 2019) and given its close proximity to water bodies it
becomes easier for the chromium to get into the aquatic eco system, compounding in the food



chain causing many fatal illness like as kidney failure, damage of the central nervous system,
reproductive failure and possibly even infertility to human.

1.3 PURPOSE OF THE STUDY

The purpose of the study is to investigate the effectiveness of using natural zeolite as an adsorbent
for removing chromium from tannery waste

1.4 JUSTIFICATION OF THE STUDY

Chromium pollutions of the aquatic ecosystem will be reduced

It would attract a lot of investment in zeolite exploration around wanale hence benefiting the
residents economically.

It would contribute to SDG six (clean water and sanitation).

Calcium oxide (CaO), known as lime or quicklime, which tannery industry heavily depends on for
chromium removal in their effluent is an energy intensive product and coz the production of tone
of lime of limestone involves emission of 1.2 tons of carbondioxide to the of which CO, among
all greenhouses is the prime contributor of global warming, it solely contributes a staggering 76%
to the global warming (Cui et al., 2019)CO; emissions from human activities is considered as the
main driver for anthropogenic climate change. CO2among all greenhouses is the prime contributor
of global warming, it solely contributes a staggering 76% to the global warming (Cui et al., 2019).

Zeolite is fronted as the best alternative because of its ion-exchange and sorption properties for
heavy metals such chromium and capabilities of being thermally regenerated.

1.5 OBJECTIVES OF THE STUDY

1.5.1 Main objective

To investigate the effectiveness of natural zeolite as an adsorbent for removing chromium in the

tannery wastewater



1.5.2 Specific objectives

To characterize the wastewater at Skyfat tannery.

To determine composition of the natural zeolite.

To design experiment in Minitab using RSM-BBD

To the determine adsorption capacity for chromium and optimize the process conditions
for improving the adsorption capacity

b=

1.6 SCOPE OF THE STUDY

1.6.1 Conceptual scope

This study is limited to investigating the effectiveness of using natural zeolite as an adsorbent for

removing chromium from the tannery industrial water.

1.6.2 Geographical scope

Skyfat tannery, Jinja district.

1.6.3 Time scope

The research was be done for 6 months.
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