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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 
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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 m3 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 MnO2, 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. 
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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 
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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 CO2 among 
all greenhouses is the prime contributor of global warming, it solely contributes a staggering 76% 
to the global warming (Cui et al., 2019)CO2 emissions from human activities is considered as the 
main driver for anthropogenic climate change. CO2 among 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 
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1.5.2 Specific objectives 

1. To characterize the wastewater at Skyfat tannery. 
2. To determine composition of the natural zeolite. 
3. To design experiment in Minitab using RSM-BBD 
4. To the determine adsorption capacity for chromium and optimize the process conditions 

for improving the adsorption capacity 
 
  

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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