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Assessment of Heavy Metals Concentration in Tannery Solid Waste and Soil at the              

Dumping Site in Mojo Town, Central Ethiopia 

ABSTRACT 

Tannery industry considered to be one of the polluting industries in case of water, soil and air 

due to the deferent types of chemicals used in transforming hide to leather. The study was 

conducted in order to determine the concentration of heavy metal of Chromium, Iron, Zink, 

Nickel, Manganese, Lead, Copper and Cadmium and particle size distribution of tannery solid 

waste and tannery dumping site soil. The sample was selected purposively and analyzed for 

the presence of heavy metal using atomic absorption of spectroscopy and Bouyoucos 

hydrometer method was used for soil particle size. Microsoft excel was used for analyzing of 

metals and presented in tabular and graph form. Dumping site and control soil was sandy 

loam and sandy clay loam. The result shows that the leather sample and other waste products 

of tannery solid waste have significant amounts of heavy metal. The concentrations of Cr, Fe, 

Zn, Ni and Mn for solid waste were 78mg/kg, 23.6mg/kg, 8.6mg/kg, 3mg/kg and 13mg/kg and 

for dump site soil of 0-20 and 20-40 were 4 and 2mg/kg, 50.2and49.4mg/kg, 

21.4and19.5mg/kg, 14and10mg/kg and 35.916and35.166mg/kg and for control sample 3 and 

2mg/kg, 44.4and 45.8mg/kg, 19.7and15.5mg/kg, 10 and6 and 29.75 and26.83mg/kg was 

observed. Chromium show higher value in solid wastes. There are considerable downward 

movements of heavy metal in to soil profile but not exceed the upper layer of soils. All metal 

was lower than maximum permissible limits, while Pb, Cd and Cu were not detected by AAS. 

Generally, the result shows that there was an increase in the concentration of heavy metals in 

the dumpsite soils than that of the soils at the control sites. Therefore, Tannery solid waste 

dumping sites contained high concentrations of heavy metals which are later absorbed and 

accumulated by the plants growing within such site for this the appropriate measure should be 

taken. 

         Key word: Solid waste, Tanning pollutant, Industry, Dump site, Heavy metal, Environment 

 

 

 



 

 
 

1. INTRODUCTION 

The contamination of environment by industrial solid wastes has become a worldwide 

concern. The properties and quality of soil also adversely affected by the over-concentration of 

waste released from agriculture, industry, municipality and individual household (Soffianian et 

al., 2014). These wastes deteriorate the quality of soil and its Sustainability. Soil serve for this 

world as place for land living organism to live and also play important role in energy exchange 

and material recycling in terrestrial ecosystem. However, rapid industrialization and 

urbanization have led to retarding and reducing its benefits by creating pollution which raise 

environmental problem (Micó et al., 2006). 

Industrial waste have been and continued to be a major cause of environmental degradation. 

Numerous study have already demonstrated that areas in close to proximity to industrial 

activity are marked by noticeable contamination of air soil and water in contrary to place free 

from such activity(De Bartolomeo et al, 2004; Lanadajo et al, 2004; Miro et al., 2004).   

Organic and inorganic pollutants can be incorporated into the environment through different 

industrial sources including tanneries, industrial petrochemicals, oil refineries, and mining 

industries, resulting in damage soil and surface and ground water quality (Afkhami et al., 

2013). Because of the relatively inexpensive cost of labor and materials, over half the world’s 

tanning activity occurs in low- and middle-income countries. Between 1970 and 1995, the 

percentage of low- to middle-income countries contributing to the global production of light 

leather increased from 35% to 56% and from 26% to 56% for the production of heavy leather 

materials (Jenkins, 2002).  

Leather industry in Ethiopia plays significant role for economic growth of the country as a 

main source of foreign currency. Because it generates the second largest export revenue next 

to coffee (Isayas Tadesse, 2003). On the other hand it has been categorized as one of highly 

polluting industry and there are concerns that leather making activity can have adverse effect 

to the environment (Kanagaraj et al., 2006; IPPC, 2003). However, most of the tanneries in 

Ethiopia dispose their liquid and solid waste to the environment without any treatment 

mechanisms. The situation with solid waste by product management is even worse than the 

liquid effluent. Because there is no designated site for disposal of huge solid wastes the 
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tanneries generate every day. Hence tanneries are using the nearby water ways for dumping 

their solid waste (Isayas Tadesse, 2003). 

Tannery industry is making pronounced impacts on socioeconomics of community through 

employment and earning, yet the industry has gained a negative image in the society owing to 

the pollution it generates. Almost every tannery industry uses significant amounts of chemical 

in the process of transforming animal hides into leather ((Dargo and Ayalew, 2014). Leather 

processing involves a series of unit operations including pre-tanning, tanning, and post-

tanning/finishing. Currently there are more than 20 tanning industries operating in Ethiopia 

and only some of them treat their wastewater to any degree (EEPA, 2001).  

At these sites, tanneries not only discharge contaminated wastewater into rivers, but also dump 

a large amount of chromium-mixed solid wastes—such as skins, hides, and fats—onto the 

banks of rivers and on fields near residential areas and villages. This leads to the 

contamination of water sources with cadmium, iron, magnesium, chromium, calcium, nickel, 

lead, and zinc from the addition of tanning agents, while the skin and hide treatment processes 

release sodium, potassium, magnesium, and copper (Tariq et al., 2005). Contamination of soil 

by heavy metals received special attention as a contaminant This is because that once heavy 

metals are deposited in the soil, they are not degraded and persist in the environment for a long 

time and cause serious environmental pollution and, Hence, at high concentration they can 

harm human life and the environment at all (Oyelola and Baatunde, 2008). 

Mojo town is considered to be a town where much industrial activity undertaken. Tannery 

manufacturing sector are among the industries found in Mojo town. These industries dispose 

solid waste along river course, agricultural and residential area. The proximity of all of this 

industrial dump site to water course, agricultural and residential area make the people live 

around that vulnerable to the problem by contaminating the soil and getting the way to resident 

through dust blowing during dry season and contaminating river at rainy season through run 

off. Disposal site found near Mojo River in inclined point which found at the top of river and 

at the time of rain fall the leachate from industrial wastes immediately enter into the river and 

pollute water body. Contaminations of river indirectly affects downstream part of the river is 
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uses for domestic activities including watering of livestock, drinking, irrigation and recreation 

(swimming and bathing). 

The physicochemical property of the soil system influences the transformation, retention, and 

movement of pollutants through the soil. Some metals tend to be relatively strongly adsorbed 

by soil constituents and their mobility and bioavailability depend on the soil condition 

(Sharma and Raju, 2013). However, there are limited comprehensive and detail studies were 

done about content of heavy metals and properties of soil around solid waste disposal facilities 

in developing countries including Ethiopia. In line with these Kouame et al., (2010) 

suggestions for further studies on heavy metals content in the soil profiles closer to dumpsites.  

So that this research was initiated to determine the level of heavy metal pollution in industrial 

solid waste dump site and effects of pollutant to surrounding environment for giving insight 

toward the severity of problem for appropriate measure to be undertaken. Therefore, the 

general objective of this study was; to assess the level of heavy metal concentration in tannery 

solid waste and soil at the dumping site in Mojo town. 

Moreover, the specific objectives were:-  

 To quantify particle size distribution of tannery dumping site soil. 

  To assess the concentration of heavy metal (Pb, Zn, Fe, Mn, Cd, Cu, Ni and Cr) in the 

decomposed tannery industrial solid waste and dumping site soils. 

 .To assesses vertical migration of metal downward to soil profile. 
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2. LITERATURE REVIEW 

2.1. Wastes 

Waste is defined as unwanted and unusable materials and is regarded as a substance which is 

of no use. Wastes can be classified into Solid wastes – These are the unwanted substances that 

are discarded by human society. These include urban wastes, industrial wastes, agricultural 

wastes, biomedical wastes and radioactive wastes. Liquid wastes – Wastes generated from 

washing, flushing or manufacturing processes of industries are called liquid wastes. Gaseous 

wastes – These are the wastes that are released in the form of gases from automobiles, 

factories or burning of fossil fuels like petroleum. They get mixed in the other gases 

atmosphere and occasionally cause events such as smog and acid rain (Byjus, 2019). 

The sources of solid waste include residential, commercial, institutional, and industrial 

activities. Certain types of wastes that cause immediate danger to exposed individuals 

or environments are classified as hazardous. All nonhazardous solid waste from 

a community that requires collection and transport to a processing or disposal site is 

called refuse or municipal solid waste (Nathanson, 2019).  

 2.1.1. Solid Waste Disposal and Its Management 

Solid waste management is defined as the discipline associated with control of generation, 

storage, collection, transport or transfer, processing and disposal of solid waste materials in a 

way that best addresses the range of public health, conservation, economic, aesthetic, 

engineering, and other environmental consideration (Leblanc, 2019). Improper disposal of 

municipal solid waste can create unsanitary conditions, and these conditions in turn can lead 

to pollution of the environment and to outbreaks of vector-borne disease—that is, diseases 

spread by rodentes and insects (Nathanson, 2019). In its scope, solid waste management 

includes planning, administrative, financial, engineering, and legal functions. Solutions might 

include complex inter-disciplinary relations among fields such as public health, city and 

regional planning, political science, geography, sociology, economics, communication and 

conservation, demography, engineering, and material sciences (Leblanc, 2019). The tasks of 

solid-waste management present complex technical challenges. They also pose a wide variety 

https://www.merriam-webster.com/dictionary/environments
https://www.merriam-webster.com/dictionary/community


5 
 

 
 

of administrative, economic, and social problems that must be managed and solved 

(Nathanson, 2019). 

Solid waste is generated from industrial, residential, and commercial activities in a given area, 

and may be handled in a variety of ways. As such, landfills are typically classified as 

sanitary, municipal, construction and demolition, or industrial waste sites (Leblanc, 2019). 

Industrial wastes that contain significant concentrations of metals that cannot be recycled or 

recovered economically are usually good candidates for landfill disposal, which is the disposal 

of waste materials within soil or the vadose zone. However, sludges high in metals must be 

neutralized and solidified prior to landfill disposal and only landfills approved for the disposal 

of solidified hazardous wastes may be used for the disposal of these wastes (Nemero, 2005).  

Open dumping is the most common method of hazardous waste disposal in developing 

countries (Ali et al., 2016). Although several authors suggest sterilizing the HW at the point of 

generation in order to eliminate infectious substance and improve safety management (Sohrab 

et al., 2013). Open dumping is the lowest cost option for low income countries, although it is 

an uncontrolled and inadequate disposal, since the waste can be accessible to waste pickers 

and animals and the generation of pollutant is not monitored. In this way, HW transmits 

infectious pathogenic micro-organisms to the environment either via direct contact, through 

inhalation, ingestion, or indirect contact through the food chain. Burning is aimed to reduce 

the volume of waste and its infectious effect, however, uncontrolled burning activates are 

potential source of toxic emissions (Hossain et al., 2011). 

Therefore, in low-income countries, HW management is an environmental and social issue 

that spread the risk of disease and pollution. Disposal strategies involve sorting HW at the 

healthcare facilities, and then transporting the infectious HW to safe disposal sites, where it 

treated by incineration or other technologies and the residual product land filled. Every 

treatment technology has drawbacks, with incineration creating atmospheric emissions, and 

other treatments not able to handle all types of waste. The best way to control the impact of 

HW is to train healthcare workers along with the implementation of standardized HW streams 

and disposal bin colors, which can ensure a selective collection of the waste, improving the 

efficiency of treatment and final disposal (Windfeld, 2015). 

https://www.thebalancesmb.com/waste-treatment-and-disposal-methods-2878113
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Ethiopia is one of the low income countries facing the consequence of improper solid waste 

management. It was reported that about 20 to 30% of the waste generated in Addis Ababa, the 

capital city, remains uncollected (Tilaye, 2014). Proper solid waste management requires the 

commitment of the town municipality and the active involvement of the community members. 

There are many initiatives taking place in Ethiopia to improve the environmental health 

especially in the capital city. In Addis Ababa the awareness of the community members about 

solid waste management is enhanced and more than 70% of the community inhabitant was 

willing to pay for door to door solid waste collection service which is one of the initiatives 

introduced by the government (Dika et al., 2019). 

2.1.2. Environmental policy of Ethiopia 

The EPA issued the Environmental Policy of Ethiopia which refers to waste management in 

three different articles, either directly or indirectly: Article 3.7 addresses issues related to 

human settlement, urban environment and environmental health; Article 3.8 addresses issues 

related to the control of hazardous Materials and pollution from industrial waste; and Article 

3.9 addresses atmospheric pollution and climate change. The primary national policy on waste 

management is the Solid Waste Management Proclamation No. 513. Released in February of 

2007, the proclamation’s main goal is to increase community participation. The proclamation 

states it is essential to promote community participation in order to prevent the adverse effects 

and to enhance the benefits resulting from solid wastes; and∙ solid waste management action 

plans designed by, and implemented at, the lowest administrative units of urban 

administrations can ensure community participation (Proclamation No. 513, 2007) (Cheever, 

2011). 

The Proclamation has five parts made up of 19 articles. These articles cover topics of 

obligation, solid waste management planning, collection & storage, transportation, treatment, 

disposal, incineration, recycling, and hazardous waste. The Solid Waste Management 

Proclamation works hand in hand with the Environmental Pollution Control Proclamation 

No.300/2002 which mandates that all urban governments are obligated to devise and 

implement safe and effective mechanisms to handle, transport, and store municipal waste. It 

also states that any transporting or treatment of municipal waste can only be done with a 
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permit from the Ethiopian Environmental Protection Agency (Forum for Environment-Bahir 

Dar, 2010). 

2.2. Industrial Pollution 

The range of chemicals used in industrial activities is vast, as is their impact on the 

environment. Industrial activities release pollutants to the atmosphere, water and soil. Gaseous 

pollutants and radio nuclides are released to the atmosphere and can enter the soil directly 

through acid rain or atmospheric deposition; former industrial land can be polluted by 

incorrect chemical storage or direct discharge of waste into the soil; water and other fluids 

used for cooling in thermal power plants and many other industrial processes can be 

discharged back to rivers, lakes and oceans, causing thermal pollution and dragging heavy 

metals and chlorine that affect aquatic life and other water bodies. Heavy metals from 

anthropogenic activities are also frequent in industrial sites and can arise from dusts and 

spillages of raw materials, wastes, final product, fuel ash, and fires (Alloway, 2013).  

According to the European Directive concerning integrated pollution prevention and control 

(IPPC) (EC, 1996), potentially polluting activities can be grouped into six main categories: 1) 

energy industries; 2) production and processing of metals; 3) mineral industry; 4) chemical 

industry and chemical installations; 5) waste management; and 6) other activities (which 

include paper and board production, manufacture of fibres or textiles, tanning of hides and 

skins, slaughterhouses, intensive poultry or pig rearing, installations using organic solvents, 

and the production of carbon or graphite) (García-Pérez et al., 2007). Salinization, another 

major threat to global soils, affects many soils which are close to certain industrial activities, 

mainly those associated with chlor-alkali, textiles, glass, rubber production, animal hide 

processing and leather tanning, metal processing, pharmaceuticals, oil and gas drilling, 

pigment manufacture, ceramic manufacture, and soap and detergent production (Saha et al., 

2017). 
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2.2.1. Industrial Solid Wastes and its Effects 

Industrial waste is defined as waste generated by manufacturing or industrial processes. The 

types of industrial waste generated include cafeteria garbage, dirt and gravel, masonry and 

concrete, scrap metals, trash, oil, solvents, chemicals, weed grass and trees, wood and scrap 

lumber, and similar wastes. Industrial solid waste - which may be solid, liquid or gases held in 

containers - is divided into hazardous and non-hazardous waste. Hazardous waste may result 

from manufacturing or other industrial processes. Certain commercial products such as 

cleaning fluids, paints or pesticides discarded by commercial establishments or individuals can 

also be defined as hazardous waste. Nonhazardous industrial wastes are those that do not meet 

the EPA's definition of hazardous waste - and are not municipal waste (SDWF, 2016).  

Large amounts of many species, complex characteristics wide resource Tran’s region and trans 

boundary movements are the intrinsic characteristic of solid waste (Li, 2015).  Industrial waste 

has been a problem since the industrial revolution. Industrial waste may be toxic, ignitable, 

corrosive or reactive. If improperly managed, this waste can pose dangerous health and 

environmental consequences. In the United States, the amount of hazardous waste generated 

by manufacturing industries in the country has increased from an estimated 4.5 million tons 

annually after World War II to some 57 million tons by 1975. By 1990, this total had shot up 

to approximately 265 million tons. This waste is generated at every stage in the production 

process, use and disposal of manufactured products (SDWF, 2016).  

Thus, the introduction of many new products for the home and office - computers, drugs, 

textiles, paints and dyes, plastics - also introduced hazardous waste, including toxic chemicals, 

into the environment. These, too, must be managed with extreme care to avoid adverse 

environmental or human health impacts (SDWF, 2016). Industrial solid waste can directly or 

indirectly have adverse effect on the environment and human health by verity of routs and 

form. For industrial solid waste both instantaneous pollution and potential and long term 

pollution may occur. Industrial solid waste may pollute or damage atmosphere, water, soil and 

life form. In case of solid waste pollution occur or potential pollution becomes practical. Large 

amounts of investment and comprehensive technology will be required in order to eliminate 

https://www.safewater.org/fact-sheets-1/2017/1/23/industrial-waste
https://www.safewater.org/fact-sheets-1/2017/1/23/industrial-waste
https://www.safewater.org/fact-sheets-1/2017/1/23/industrial-waste
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this pollution and to remedy the environment generally these pollution effect cannot be 

eliminate completely (Li, 2015).    

2.2.2. Routes of Industrial Solid Waste to Environment 

For the industrial solid waste dumped in the opened air and stored in disposal site, the 

hazardous component can directly or indirectly reach human body by environmental media 

such as atmosphere, soil, surface water and ground water. When these wastes are in the 

process of being piled or governed, heavy metals move easily due to the facilitation of 

sunlight, raining and washing. And they spread to the surrounding water and soils at the shape 

of funnel and radiation. Solid wastes can expand contamination scope easily with the help of 

wind and water. These will result in human health damage. The importance of this route 

depends on the intrinsic physical, chemical and biological characteristics of pollutant and 

hydrological and geological environmental status (Li, 2015).   

2.2.3. Effects of Industrial Solid Waste on Environment 

The industrial solid waste storage and dumping will occupy a lot of land. Improper disposal 

and operation management will result in hazardous matter entering the environment (Li, 

2015). Poor waste management poses a great challenge to the well-being of city residents, 

particularly those living adjacent to dumpsites due to the potential of the waste to pollute 

water, food sources, land, air and vegetation. The poor disposal and handling of waste thus 

leads to environmental degradation, destruction of the ecosystem and may cause great risks to 

public health. The resultant accumulation of waste poses a health hazard to urban inhabitants, 

and also threatens the surrounding environment (UNEP, 2005).  

The environmental problems posed by solid waste ranges from health hazards, soil and water 

pollution, repulsive sight and offensive odor. The resultant of these is the degradation of our 

environmental quality (Abdus-Salam et al., 2011). Most dumpsites are located within the 

vicinity of living communities and wetlands. The dumpsites are often not lined nor basement 

prepared for selective adsorption of toxic substances. Therefore it is prone to release pollutants 

to nearby water and to the air through leachates and dumpsite gases respectively (Alimba et 
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al., 2006). Many water resources have been rendered wholesome and hazardous to man and 

other living systems as a result of indiscriminate dumping of refuse (Bakare et al., 2005). 

Heavy metal contamination is a major problem of the environment especially of growing 

medium sized cities in developing countries primarily due to uncontrolled pollution levels 

driven by causative factors like industrial growth and heavy increase in traffic using petroleum 

fuels. Heavy metal contamination may occur due to factors including irrigation with 

contaminated water, the addition of fertilizers and metal based pesticides, industrial emissions, 

transportation, harvesting process, storage and/or sale (Duran et al., 2007). Physical, chemical 

and biological processes which take place in solid waste dumpsites also results in waste 

decomposition and production of leachate (O¨man and Junestedt, 2008). 

Opined that landfill leachate contains a large number of compounds. They have identified 140 

organic, metal-organic and inorganic compounds, which result in infiltration into the 

surrounding environment with subsequent contamination of the land and water. Some of the 

constituents can be expected to create a threat to health and nature if released into the natural 

environment, (Aluko et al., 2003). Ikem et al (2003) in Nigeria indicated that the leachate 

collected from two dumpsites had appreciably high levels of dissolved solids, chloride, 

ammonia, Chemical Oxygen Demand (COD), Pb, Fe, Cu and Mn and ground water samples 

were polluted with Al, Pb, Cd, Fe, Cr, Ni. Plants grown on leachate contaminated land showed 

reduction in growth as the level of landfill leachate strength increased, (Roongtanakiat et al., 

2002) 

Soil quality is the ability of soil to provide ecosystem and society services through its 

capacities to perform its functions and respond to external influences (Kabata-Pendias, 2011). 

Soil quality assessment is considered one of the main criteria for planning and practicing 

sustainable soil-use. It’s important to ensure the quality of soils do not degrade by promoting 

management practices that aid the sustainability of them achieved through ensuring the 

material and energy flow associated with soil processes are controlled and positively 

influenced. A sustainable soil is referred to as ‘the use of soil as a natural resource on a way 

that does not exert any negative effects that are irreparable under rational conditions either on 

the soil itself or any other systems of the environment’ (Tóth, 2004). 
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Leachate is produced primarily in association with precipitation that infiltrates through the 

refuse and normally results in the migration of leachate into the groundwater zone and pollutes 

it (Samuding, 2009). The major sources of heavy metals in landfills are the disposed industrial 

waste, incinerator ashes, mine wastes and household hazardous substances such as batteries, 

paints, dyes, inks, etc. (Erse and Onay,2003). Soil contamination by heavy metals from waste 

disposal sites is a serious problem in industrial and urban areas (Mandal and Sengupta, 2006) 

The  hazardous matter leachate and lixivium of industrial solid waste can change the structure 

and properties of soil and affect the activities of microorganism in soil. Not only had the 

growth of plant root interfered with these hazardous components. But all they accumulate in 

the organism and are hazardous to human by means of food chain. The explosibility and 

corrosiveness property need to be paid attention to urgently and the acute toxicity matter in the 

waste can result in serious pollution and produce long term and adverse effects on soil (Li, 

2015).  

2.3. Tannery industry 

The tannery industry belongs to one of the most polluting industrial sector (Drago and 

Ayalew, 2014). Leather industry plays a major role in economic uplift of many developing 

countries. It is associated with the generation of huge amount of liquid and solid wastes. 

Improper disposal of hazardous/toxic waste coupled with inadequate management has resulted 

in serious environmental problems in recent years. Leather manufacturing processes such as 

soaking, liming/deliming, bathing, pickling, skin degreasing, tanning, and post-tanning of raw 

hides/skins involve chemicals such as sodium hydroxide, sodium hypochlorite, enzymes, lime, 

chlorides, sulfuric acid, formic acid, ammonium salts, and kerosene, etc. (Tariq et al. 2006). 

Among these processes, liming and tanning are the most polluting steps. Liming involves 

excessive use of sulfite ions while tanning entails either usage of Cr salts or plant tannins 

(Tariq et al. 2009).  

The environmental impacts of tanneries originate from liquid, solid and gaseous waste streams 

and from the consumption of raw materials such as raw hides, energy, chemicals and water. 

Only 20 % of the weight of the raw hide is processed to finished leather. The rest of the weight 

plus the chemicals input ends up as either waste or by-products. The main releases to 
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wastewater originate from wet processing in the beam house, the tan yard, and the post tanning 

operations. The main releases to air are due to the dry finishing processes, although gaseous 

emissions may also arise in all other parts of the tannery. The main sources of solid wastes 

originate from fleshing, splitting and shaving. A further potential source of solid waste is the 

sludge from the effluent treatment plant, but this is not an onsite activity in all tanneries (IPPC, 

2003). Chromium is one of the most widely used chemicals throughout this process. The 

environment is under increasing pressure from solid and liquid wastes emanating from the 

leather industry (Jankin et al., 2002).  

Water is used as the carrier for chemicals to render the cleaning of raw hides and skins. The 

water after completion of the process is drained out in the same quantity as it was used in the 

process. Normally water consumption of 50 liter / kg is recommended for tanneries but it is 

found that tanneries generally consume more water and in some cases it is found to be as high 

as 150 liter / kg. The composition of wastewater effluents varies greatly between tanneries 

(IPPC, 2003; UNIDO, 2000; Bukahari et al., 2012).  

Quantities of solid waste produced by tanneries depend on the type of leather processed, the 

source of hides and skins and the techniques applied (Technologies used by individual 

tanneries). The major solid wastes consist of dusted curing salt, wet trimmings, dry trimmings, 

wet shaving, buffing dust and wastewater treatment sludge (Kanagaraj et al., 2006). During 

handling of raw skins, adhered dusted salt, which is contaminated with blood, hair, dirt and 

certain type of bacteria is removed and dumped. Trimmings are cuttings of edges of raw skins. 

Fleshing is the flesh material of the limed skins generated during fleshing operation. Chrome 

wet shavings and trimmings are produced when skins / hides are shaved for proper thickness 

(uniform thickness) after chrome tanning (Chattaha and Shaukat, 2000; IPPC, 2003).  

Approximately 8.5 million tons of solid waste is generated during the production of 11 million 

tons of raw hide processed in the world (Ozgunay et al., 2007). Currently, solid waste disposal 

is increasingly becoming a huge challenge to tanners due to paucity of landfill sites and strict 

environmental legislations worldwide. Hence, finding a holistic solution to the tannery solid 

waste disposal problem is a challenge for researchers (Fatimal et al., 2012). Tannery solid 

wastes that contain chromium are more difficult to dispose and to utilize because of the 

possibility of chromium (III) in the solid wastes converted to highly toxic chromium (VI). 
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Hence chromium containing tannery solid wastes need special treatment before disposal to 

mitigate leachabilty of chromium (III) from the solid wastes and formation chromium (VI) 

(Mandal et al., 2011).  

In tanneries air emissions are produced from the stacks of boilers and generators and during 

the processing of leather. Emissions from the stacks are well within the limits and pose no 

serious environmental impact. But hydrogen Sulphide and ammonia gases which are emitted 

during different processes are a health hazard for the workers (Chattaha and Shaukat, 2000). 

Common air emissions from tanneries are: sulphides from the beam house and from waste 

water treatment plant, ammonia from the beam house, tanning and post-tanning operations, 

sulphur dioxide from post tanning operations, dust or total particulate from various operations, 

such as storage and handling of powdery chemicals, dry shaving, buffing, dust removal from 

machines, milling drums and staking machines (IPPC, 2003). 

2.3.1. Environmental Impacts of Leather Industry 

Environmental impact of tannery wastes containing wastewater; hazardous chemicals such as 

chromium, synthetic tannins, oils, resins, biocides, detergents; careless disposal of solid wastes 

and gaseous emissions creates a negative image of leather industry, although it has significant 

economic influence (Jerry, 2011, Shakir et al., 2012, Islam et al., 2014). 

            2.3.1.1. Waste water 

Enormous amount of water and pollutants are discharged during the entire tanning process 

(Kaul et al., 2001). Pre-tanning process results in variations in pH and causes increase in 

chemical oxygen demand (COD), total dissolved solids (TDS), chlorides, sulphates in tannery 

wastewaters (Thanikaivelan et al., 2000a). Highly polluted sediments resulting from discharge 

of chemicals adversely affect the ecological functioning of rivers (Schilling et al., 2012). High 

concentration of heavy metals has been found in sediments of the river Ganga and its 

tributaries (Singh et al., 2003) Increase Stalinization of rivers and groundwater has led to the 

loss of agricultural production and reduced the quality of drinking water in Tamil Nadu, India 

(Money, 2008). It has been estimated that over 55,000 ha of land have been contaminated by 

tannery wastes and around 5 million people are affected by low quality of social environment 

and drinking water (Sahasranaman and Jackson, 2005). 

https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib79
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib145
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib76
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib86
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib168
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib140
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib149
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib107
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib138
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            2.3.1.2. Solid wastes 

Render the solid waste management system highly inactive due to non-biodegradability of the 

tanned leather (Dhayalan et al., 2007, Lofrano et al., 2007). Leather itself is slow 

biodegradable and treatment of different chemicals during tanning process makes it resistant 

towards chemical, thermal, and microbiological degradation (Han et al., 2003). This in turn 

affects the agro based activities and degrades groundwater system (Mwinyihija et al., 2012). 

In a tanneries area located in Ranipet (India), where chromate chemicals were manufactured, a 

large quantity of hazardous solid waste was stacked in open dump sites. This practice resulted 

in fast migration of the contamination to the groundwater, with levels of chromium up to 275 

mg L−1, 1000 times higher than the recommendations of the WHO for drinking water. The 

findings are of relevance for addressing the groundwater pollution due to indiscriminate 

disposal practices of hazardous waste (Rao et al., 2011). These wastes are a threat to ecology 

and aquatic system in vicinity of tannery plants (Mwinyihija et al., 2010).  

2.3.2. Ethiopia Tannery Industry 

Currently, there are 26 tannery industries in operation. The tanneries have 153,650 sheep and 

goat skin soaking capacity and 9,725 cowhides soaking capacity per day. Together they also 

employ 4577 persons. Ethiopia Tannery with 12,000 sheep and goat skin and 1,200 cowhide 

soaking capacity and Ethio-Leather - ELICO with 15,500 sheep and goat skin and 1,050 

cowhides soaking capacity are the two largest industries. Most tanneries seem to be working 

below capacity (UNIDO, 2012). 

Tanning industry in Ethiopia is currently believed to be one of the sectors supporting 

economic development of the country. But, it is also pollutant intensive sector that threatens 

the environment at large. Ethiopian tanneries are now improving values to the products. This 

move series of additional processes/procedures and input of varieties of chemicals that can 

potentially increase the pollution load of the waste water effluent. The environment and 

development integration in a leather industry has to be strengthened to achieve the intended 

sustainable economic benefit (Haydar et al., 2007). Worldwide, it is estimated that the industry 

is responsible for releasing 300-400 million tons of heavy metals, solvents, toxic compounds, 

and other solid and liquid wastes into water bodies each year (UNEP, 2010).Tanneries and 

https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib40
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib95
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib113
https://www.sciencedirect.com/science/article/pii/S0959652614010580#bib112
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distilleries are important source of chromium (Cr), copper (Cu), manganese (Mn), iron (Fe), 

nickel (Ni), cadmium (Cd), lead (Pb), and zinc (Zn) pollution in the environment (Chandra et 

al., 2004a and 2004b).  

2.4. Soil and Heavy Metal 

The soil is a very essential component for all the living organisms. Especially for plants, it’s 

considered as the basic living factor.  Soil serves as a nutrient media for the growth of plants. 

The soil is not essential for agriculture production but also towards maintained all life form 

(Singh et al., 2018). The high level of civilization related soil pollution has recently become a 

major issue and the chemical analysis of soil is important for environmental monitoring and 

legislation. Potentially contaminated soil may occur at old landfills sites particularly those that 

accepted industrial waste; old orchard that used insecticides containing arsenic as an active 

ingredient, and field that had past application of waste pipes and tacking, industrial areas 

where chemicals may have been dumped on the ground.  

Heavy metal appears to include all metals of the periodic table with atomic numbers greater 

than 20, generally excluding the alkali metal and the alkali earth. Heavy metals are metallic, 

naturally occurring compounds that have a very high density greater than 5g/cm3; compared to 

other metals at least five times the density of water. They are one of the most persistent 

pollutants in soil and water. Heavy metals can be divided into two categories: essential and 

non-essential on the basis of their role in living systems. Essential heavy metals such as Mn, 

Fe, Ni, Zn are needed by living organisms for their growth, development and physiological 

functions, while non-essential heavy metals such as Cd, Pb, Hg and As are not needed by 

living organisms for any physiological function (Gohre et al., 2006). Heavy metals are 

extremely persistent in the environment. They are non-biodegradable and non-thermo 

degradable and therefore readily accumulate to toxic levels (Akguc et al., 2008).   

2.4.1. Source of Heavy Metal 

Heavy metal (loid)s are found naturally in soils resulting from weathering of underlying 

bedrock. These are generally mined from ores following mineral processing processes 

Shakoor et al., 2015) Every year, significant amount of heavy met-al(loid)s is thus 
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redistributed from the contaminated aquifer of Earth's crust to different compartments of 

environment i.e., water, air and soil. Therefore, soils originating from parent material having 

an elevated metal concentration in soil bedrocks show high metal concentration naturally 

(Pourrut et al., 2011a, 2011b). . Anthropogenic activities, such as mining, industrial effluents, 

improper stacking of the industrial solid waste, floriculture, application of fertilizer, pesticide, 

Bio solids, manures and sewage sludge application, are the main sources of heavy metal 

contamination in the environment. This sources increases heavy metal concentrations in the 

soil and considered to pose possibly serious hazards in the soil-plant-animal system (Zhang et 

al., 2010; Zhang et al., 2011).  Beside the natural activities, almost all human activities also 

have potential contribution to produce heavy metals as side effects. Migration of these 

contaminants into non contaminated areas as dust or leachates through the soil and spreading 

of heavy metals containing sewage sludge are a few examples of events contributing towards 

contamination of the ecosystems (Gaur and Adholeya, 2004). 

2.4.2. Heavy Metal and Soil Property 

Heavy metal pollution of the soil is caused by various metals especially copper, Nickel, 

Cadmium, Zinc, Chromium, and lead (Mass et al., 2010). Soil properties affect metal 

availability in diverse ways. Availability of Cd and Zn to the roots of Thlaspicaerulescens 

decreased with increases in soil pHs Soils under a pH of 5.0 encounter problems with the 

mobilization of heavy metals so they are more likely to be held in the top layers of acidic soils 

(Wang et al, 2006; Ahmad et al., 2005). Organic matter and hydrous ferric oxide have been 

shown to decrease heavy metal availability through immobilization of these metals (Yi et al., 

2007).  

Significant positive correlations have also been recorded between heavy metals and some soil 

physical properties such as moisture content and water holding capacity (Sharma and Raju, 

2013). The large interface and specific surface areas provided by soil colloids help in 

controlling the concentration of heavy metals in natural soils. In addition, soluble 

concentrations of metals in polluted soils may be reduced by soil particles with high specific 

surface area, though this may be metal specific (Marques et al., 2009). For instance, Mcbride 

and Martínez (2000) reported that addition of amendment consisting of hydroxides with high 



17 
 

 
 

reactive surface area decreased the solubility of As, Cd, Cu, Mo, and Pb while the solubility of 

Ni and Zn was not changed. Heavy metals have also its own effects on soil property especially 

biological properties by   modifying the existing normal activities that plays in increasing soil 

quality (Friedlová, 2010).  

2.4.3. Heavy Metal Contamination of Soil 

Soil is often contaminated by human activities and this is reflected in the high horizontal and 

vertical variability brought about by the anthropogenic influence on soil formation and 

development (Fong et al., 2008). A variety of human activities including municipal waste 

disposal, industrial emissions, military testing and agricultural practices have left their impacts 

on soils in the form of elevated and high level of toxicants. Heavy metal pollution in soils 

refers to cases where the quantities of the elements in soils are higher than maximum 

allowable concentrations and this is potentially harmful to biological life (Adeleken and 

Abegunde, 2011). 

 Soil is considered as contaminated when chemicals are present or other alterations have been 

made to its natural environment. This is often caused by accidental releases of chemicals or 

the improper disposal of hazardous wastes. Increased inputs of metals and synthetic chemicals 

in the terrestrial environment due to rapid industrialization coupled with inadequate 

environmental management in the developing country, has lead to large-scale pollution of the 

environment. These chemicals in the terrestrial environment clearly pose a significant risk to 

the quality of soils, plants, natural waters, and human health (WHO, 2004).  

Open dumps are generally unsanitary and constitute malodorous places in which disease-

carrying vermin such as rats and flies proliferate (Bellebaum, 2005). Methane and other gases 

are released into the surrounding air as microorganisms decompose the solid wastes and fires 

pollute the air with acrid smoke and other numerous volatiles. Liquids that ooze and seep 

through the solid waste heap ultimately reach the soil, surface water and ground water. 

Hazardous materials such as heavy metals, pesticides and hydrocarbons that are dissolved in 

this liquid often contaminate soil and water (Adelekan and Alawode, 2011).To effectively 

remediate heavy metal contaminated soil, it is necessary to know the amount of toxic elements 

in the soil. However, only determining the total concentration of heavy metals in soil is 
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because mobility and bioavailability are strongly dependent on the chemical phase of heavy 

metals in soil (Brown et al., 2004). 

2.4.4. Heavy Metal Toxicity 

Nearly all of earth’s organisms require certain metals in order to maintain health and 

biological functions, with around 15 of these elements found naturally in rocks and soils, 

normally in very small amounts. Of these the following are required by humans for nutrition: 

copper (Cu), zinc (Zn), iron (Fe), cobalt (Co), manganese (Mn), molybdenum (Mo) however 

in large amounts these become carcinogenic or toxic, affecting, among others, the central 

nervous system (manganese, mercury, lead, arsenic), the kidneys or liver (mercury, lead, 

cadmium, copper) or skin, bones, or teeth (nickel, cadmium, copper, chromium).The most 

widespread human deficiency in a heavy metal is zinc, for which over two billion humans, 

mostly in developing countries, suffer from inadequate amounts of zinc in their diet (Prasad, 

2003).  

Heavy metals are believed to be dangerous because they tend to accumulate. Compounds 

accumulate in living things any time they are taken up and stored faster than they are broken 

down or extracted (metabolized). Heavy metals can enter the water supply by industrial or 

consumer waste or even from acidic rain breaking down soils and releasing heavy metals into 

streams, lakes, rivers and ground waters (Lenntech, 2005a). Heavy metals toxins contribute to 

a variety of adverse health effects. These exit over than 20 different heavy metals toxins that 

have impacts on human health and each toxin will produce different behavioral physiological 

and cognitive changes in an exposed individuals. Chromium is one of the most toxic heavy 

metals which deteriorate the environment. Some bacteria producing plant growth activity like 

production of indole acetic acid, phosphate solublization, siderophores etc are capable of 

stimulating plant growth and phytoremediation of heavy metal contaminated soil. The degree 

to which a system organ tissue or cell is affected by a heavy metal toxin depends on the toxin 

its self and the individuals degree of exposure to the toxin (Extreme health USA, 2005; Gupta 

et al., 2015).  
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2.4.4.1 Chromium (Cr) 

Chromium is one of those heavy metals in the environment whose concentration is steadily 

increasing due to industrial growth, especially the development of metals, chemicals and 

tanning industries (Adeleken and Abegunde, 2011). Cr is a primary ore product is occurred in 

the form of mineral chromites, FeCr2O4. Chromium (Cr) is required for carbohydrate and 

lipid metabolism, utilization of amino acids and as pigments for paints, cement, paper, and 

rubber, metal plating for prevention of corrosion, leather tanning and textile color pigments 

(Esitkenetal., 2011). It also contributes in maintaining a normal glucose tolerance factor. 

Chromium is required for carbohydrate and lipid metabolism and the utilization of amino 

acids. Chromium is used in metal alloys and pigments for paints, cement, paper, rubber, and 

other materials (Naidu and Bolan, 2008). 

Chromium is a naturally occurring heavy metal that is commonly used in industrial processes 

and can cause severe health effects in humans. Although it can be released through natural 

forces, the majority of the environmental releases of chromium are from industrial sources. 

The industries with the largest contribution to chromium levels include leather tanning 

operations, metal processing, stainless steel welding, chromate production, and chrome 

pigment production. Chromium can be found in many consumer products, including wood 

treated with copper dichromate, leather tanned with chromic sulfate, and stainless steel 

cookware (U.S, 2008).  

Chromium (VI) is the form of Cr commonly found at contaminated sites and toxic levels are 

common in soils applied with sewage sludge. It can be reduced to Cr (III) by soil organic 

matter (Wuana and Okieimen, 2011). It can be transported by surface runoff to surface waters 

in its soluble or precipitated form. Most of chromium (Cr) released into natural waters is 

particle associated and ultimately deposited into the sediment. Studies, such as one in Syria, 

indicate that the chromium-contaminated soil poses a significant health hazard, as the direct 

inhalation and ingestion of soil allows chromium to accumulate in both humans and livestock 

(Möller et al., 2005). In addition, the chromium-laced solid wastes from tanneries are often 

converted into poultry feed—as is the case in areas of Bangladesh—and can thus impact 

livestock and humans (Hossain et al., 2007).  
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Among the health effects brought about by the exposure to chromium VI include lung cancer, 

malignant neoplasia, chromium dermatitis and skin ulcers (Sarkar, 2005). Perforations and 

ulcerations of the nasal septum and bronchial asthma have also been reported. In one of the 

studies, a fourfold increase in childhood leukemia was attributed to possible consumption of 

water with chromium VI levels above standard recommended value (Sarkar, 2005). The 

prevalence of chromium in drinking water above 5 mg/l results in bleeding of the 

gastrointestinal tract, cancer of the respiratory tract, ulcers of the skin and mucus membrane 

(Adeleken and Abegunde, 2011).  

2.4.4.2. Iron (Fe) 

Iron forms ferrous compounds in which it has a valence of +2 and ferric compounds in which 

it has a valence of +3. Ferrous compounds are easily oxidized to ferric compounds. Ferric 

ferrocyanide (Fe4[Fe(CN)6]3), a dark-blue, amorphous solid formed by the reaction of 

potassium ferrocyanide with a ferric salt called Prussian blue. It is used as a pigment in paint 

and in laundry bluing to correct the yellowish tint left by the ferrous salts in water. Potassium 

ferrocyanide (K3Fe(CN)6), called red prussiate of potash which is obtained from ferrous 

ferrocyanide (Fe3[Fe(CN)6])2 also called Turnbull's blue, It is used in processing blueprint 

paper. Iron also undergoes physiochemical reactions with carbon that are essential to the 

formation of steel (Okoth, 2011).   

Corrosion is partial or complete wearing away, dissolving or softening of any substance by 

chemical or electrochemical reaction with its environment. The term corrosion specifically 

applies to the gradual action of natural agents, such as air or salt water, on metals. The most 

familiar example of corrosion is the rusting of iron, a complex chemical reaction in which the 

iron combines with both oxygen and water to form hydrated iron oxide. Iron is used in 

processed forms such as wrought iron, cast iron, and steel. Commercially pure iron is used for 

the production of galvanized sheet metal. Iron compounds are employed for medicinal 

purposes in the treatment of anemia, when the amount of hemoglobin lowers (Okoth, 2011).  
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2.4.4.3. Manganese (Mn) 

Manganese is essential for normal physiological functioning of humans and animals and 

exposure to low levels of manganese in the diet is considered nutritionally essential in humans. 

However chronic exposure to higher doses is detrimental to human health (Calkins, 2009). In 

higher doses manganese is toxic and its toxicity varies with route of exposure, chemical 

species, age, sex and animal species (EPA, 2004; Kohl and Medlar, 2007). The nervous 

system has been determined to be the primary target organ with neurological effects generally 

observed (EPA, 2004). Syndrome called manganism may result from chronic exposure to 

higher levels of manganese (EPA, 2004; Calkins, 2009). Manganism is characterized among 

other symptoms, weakness, tremors, a masklike face and psychological disturbance (Calkins, 

2009). 

Manganese is naturally occurring in many surface and ground water sources and in soils that 

erode into these waters. Human activities are also responsible for much of this manganese 

contamination in water in some areas (EPA, 2004). Sources of manganese due to human 

activities in the environment include; combustion of coal, residential combustion of wood, 

iron and steel production plants and power plants (Calkins, 2009). The primary sources of 

manganese for surface and ground water releases are industrial facility effluent discharge, 

landfill and soil leaching and underground injection. Manganese in the form of potassium 

permanganate may also be used in drinking water treatment to oxidize and remove iron, 

manganese and other contaminants (EPA, 2004). 

2.4.4.4. Zinc (Zn) 

Zn is a hexagonal crystal, bluish-white metal and a d-block metal (period 4 and group 12). It 

also has atomic number 30, atomic mass 65.4, density 7.15 g/cm3, Zn is a naturally occurring 

element in atmosphere in free and combine state as in air, soil, water and all food contents. It 

occurs naturally in soil but the concentrations are rising due to anthropogenic additions. Most 

additions are from industrial activities such as mining, coal, waste combustion and steel 

processing. Then also from the use of liquid manure, composted materials, fertilizers, and 

pesticides in agriculture (Bhagure and Mirgane, 2011). It is used in industry to make paint, 

dye, rubber, wood preservatives and as well as ointments. Zinc (Zn) pollutes water due to the 
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large quantities present in the wastewater of industrial plants and the water-soluble forms 

present in the soil can contaminate groundwater (Arora et al., 2017).  

Zinc is an essential trace element for plants, animals and humans found in virtually all food 

and potable water in the form of salts or organic complexes (Swaminathan et al., 2011). 

Although drinking water seldom contains zinc above 0.1 mg/l, levels in tap water can be 

considerably higher because of the zinc used in plumbing material (Swaminathan et al., 2011). 

The average adult body contains between 2-3 g of zinc (Miculescu et al., 2011). Zinc is used 

to form connective tissues like ligaments and tendons (Miculescu et al., 2011). Zinc toxicity is 

rare but at concentrations of up to 40 mg/l, it may induce toxicity characterized by symptoms 

of irritability, muscular stiffness and pain (Al-Weher, 2008). 

2.4.4.5. Nickel (Ni) 

Nickel is an element that occurs in the environment only at very low levels and is essential in 

small doses, but it can be dangerous when the maximum tolerable amounts are exceeded. This 

can cause various kinds of cancer on different sites within the bodies of animals, mainly of 

those that live near refineries. The most common application of Ni is an ingredient of steel and 

other metal products. The major sources of nickel contamination in the soil are metal plating 

industries, combustion of fossil fuels, and nickel mining and electroplating (Khodadoust et al., 

2004). 

It is released into the air by power plants and trash incinerators and settles to the ground after 

undergoing precipitation reactions. It usually takes a long time for nickel to be removed from 

air. Nickel can also end up in surface water when it is a part of wastewater streams. The larger 

part of all Ni compounds that are released to the environment will adsorb to sediment or soil 

particles and become immobile as a result. In acidic soils, however, Ni becomes more mobile 

and often leaches down to the adjacent groundwater. Microorganisms can also suffer from 

growth decline due to the presence of Ni, but they usually develop resistance to Ni after a 

while. Nickel is not known to accumulate in plants or animals and as a result Ni has not been 

found to biomagnify up the food chain. For animals Ni is an essential foodstuff in small 

amounts (Wuana and Okieimen, 2011).  
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2.4.4.6. Copper (Cu)  

Cu is a cubic crystal, reddish and a d-block metal. (period 4 and group 11).Cu has atomic 

number 29, atomic mass 63.5, density 8.96 g/cm3, High melting point 1357 K and boiling 

point 2840 K. It occurs in rocks, soil, water, air, plants, and animals. It is also an essential 

micronutrient required in the growth of both plants and animals. Cu is also used in the 

production of blood hemoglobin, disease resistance, used for seed dressing in angiosperm 

plants and regulation of water in human body. It is also used as a component in metal alloys, 

electrical wiring, and preservatives for wood, leather, and fabrics (Arora et al., 2017). Copper 

is essential in all plants and animals. It is mostly carried in the bloodstream on a plasma 

protein called ceruloplasmin. When copper is first absorbed in the gut, it is transported to the 

liver bound to albumin. Copper is toxic in uncontrolled quantities. High levels of copper in 

water have also been found to damage marine life. In fish, it damages gills, liver, kidney and 

the nervous system (Okoth, 2011).  

2.4.4.7. Cadmium (Cd)  

Cd is a hexagonal crystal, silver white malleable and a d-block metal (period 5 and group 12). 

It has atomic number 48, atomic mass 112.2, density 8.65 g/ cm3, melting point 594 K and 

boiling point of 1038 K. It is an essential micronutrient for plants and animals but may cause 

19 malfunctioning of metabolic processes. Cd enters the environment through the uncontrolled 

burning of coal and garbage and through the food chain directly or indirectly from plants or 

animals (Lion and Olowoyo, 2013). The application of agricultural inputs such as fertilizers, 

pesticides, bio solids (sewage sludge), and the disposal of industrial waste and the deposition 

of atmospheric contaminants increases the total concentration of Cd. It can also result from 

burning of fossil fuels, sewage sludge, plastics waste, byproduct of Zn and lead refining, 

insecticides, and motor oil (Arora et al., 2017). 

Cadmium (Cd) uses include Ni/Cd batteries, pigments, stabilizers for polyvinyl chloride 

(PVC), in alloys, electronic compounds, barriers to control nuclear fission, phosphors in the 

production of televisions, anticorrosive coatings for metals, amalgam in dentistry and worm 

treatments for swine and poultry. Cd is highly toxic and responsible for several cases of 

poisoning through food. Small quantities of Cd cause adverse changes in the arteries of human 
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kidney. It replaces zinc biochemically and causes high blood pressures and kidney damage 

(Mehbrahtu and Zerabruk, 2011). The maximum contaminant level of Cd allowed in water by 

WHO is 0.003 mg/l (Monudu and Anyakora, 2010). The recommended concentration in the 

soils is 3 mg/l (Adeleken and Abegunde, 2011). 

2.4.4.8. Lead (Pb) 

 Lead has a negative influence on both children and adults. For children, Pb reduces the 

physical growth and mental growth (Simeonov et al., 2010). The intelligent quotient of 

children is diminished and symptoms of irritability and fatigue could be observed. Pregnant 

women exposed to Pb have higher rates of infertility, miscarriage and still births (Ediin et al., 

2000). Chronic exposure to Pb can affect physical growth and can cause anemia, kidney 

damage, and headache, hearing problems, speaking problems, fatigue or irritable mood 

(Simeonov et al., 2010). The toxicity of Pb is multiple biochemical effects. It has the ability to 

inactivate enzymes, compete with calcium for incorporation into bones and interfere with 

nerve transmission and brain development (Ediin et al., 2000). The WHO maximum allowed 

contaminant level in the water is 0.01 mg/l (Monudu and Anyakora, 2010). The main sources 

of Pb in the environment include, dust from leaded paints from older houses, leaded gasoline 

and tap water from soldered pipes (Ediin et al., 2000). Indoor chemicals and indoor smoking is 

also a source (Simeonov et al., 2010). 

2.4.5. Soil Heavy Metal (Loid)S Pollution, Food-Chain Contamination and Human 

Health 

Increasing industrialization has been accompanied throughout the world by the extraction and 

distribution of mineral substances from their natural deposits. Improper disposal of Industrial 

solid wastes is a potential source of contamination and results in enrichment of various types 

of substances. Knowledge of the Physico-chemical characteristics of the wastes is a pre 

requisite for evaluating their impacts on plants and animals. The higher concentrations of Cu, 

Zn, Fe and Mn might interfere with the physiological and biochemical activities affecting the 

essential metabolic activities and result in low growth and yield (Fa lone et al., 2013). Unlike 

many other pollutants associated with the environments, metals are non biodegradable and can 

undergo biomagnifications in living tissues. Uptake and accumulation of heavy metals by 
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plants is either via the roots and foliar surfaces (Sawidis et al., 2001). Some factors which 

affect metal uptake include soil pH, metal solubility, soil conductivity nature, stages of plant 

growth and plant species type (Ismail et al., 2005; Sharma et al., 2006). 

Vegetables are rich sources of vitamins, minerals, and fibers and also have beneficial 

antioxidative effects. However, the intake of heavy metal contaminated fruits and vegetables 

may pose a risk to human health; hence the heavy metal contamination of food is one of the 

most important aspects of food quality assurance (Radwan and Salama, 2006; Khan et al., 

2008). Plants take up heavy metals by absorbing them from airborne deposits on the parts of 

the plants exposed to the air from the polluted environments as well as from contaminated 

soils through root systems. Also, the heavy metal contamination of fruits and vegetables may 

occur due to their irrigation with contaminated water (Al Jassir et al., 2005). 

Vegetables constitute an important part of the human diet since they contain carbohydrates, 

proteins, as well as vitamins, minerals and trace elements. Vegetables cultivated in soils 

polluted with toxic and heavy metals take up such metals and accumulate them in their edible 

and non edible parts in quantities high enough to cause clinical problems both to animals and 

human beings consuming these metal-rich plants as there is no good mechanism for their 

elimination from the human body. The uptake of metal by plants roots depends on the form the 

metals exist in the soil and the nature of the soil and the plant species. Thus, metal mobility 

and plant availability are very important when assessing the effect of soil contamination, plant 

metal uptake, and toxicity (Bhuiyan, 2011). 

Consumption of food contaminated with heavy metal(loid)s is considered to be the major 

pathway (N90%) of human exposure compared to dermal contact or inhalation (Mombo et al., 

2015; Xiong et al., 2016b). Soil is the direct path way for the contamination of heavy met-

al(loid)s in vegetables and crops via root uptake (Pierart et al., 2015). Increased accumulation 

of heavy metal(loid)s by vegetables higher than the MPLs has been reported in many parts of 

the world Excessive heavy metal(loid)s concentration in plant tissue is capable of inducing 

various physiological, morphological and biochemical toxic effects(Shahid et al., 2014a). 

Long-term use of heavy metal(loid)s contaminated vegetables/crops can cause continuous 

buildup of toxic metals in the kidney and liver of humans causing disorders in the physico-

biochemical processes (Jarup, 2003). Heavy metal(loid)s are even capable to induce toxic 
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effects to living organisms including human beings at very low levels due to the absence of 

proper defense mechanism to mitigate the toxic effects of these metals and to remove them 

from the body. Consumption of heavy metal(loid)s contaminated vegetables can cause 

depletion of nutrients in the human body that causes many problems in humans, intrauterine 

growth retardation, disabilities with malnutrition, impaired psycho-social faculties, upper 

gastrointestinal cancer and immunological defenses (Hediji et al., 2015).   

Heavy metal-polluted food can severely reduce some vital nutrients in the body that are 

accountable for declining immunological defenses, growth delay, reduced psychosocial 

abilities, 10 incapacities related with malnutrition and greater occurrence of upper 

gastrointestinal cancer degrees. Metals are non-decomposable and are recognized as main 

environmental contaminants causing cytotoxic, mutagenic and cancerous (carcinogenic) 

effects in animals (AL-Othman et al., 2011). Moreover, heavy metal(loid)s can replace 

essential metals in enzymes, thus disrupting their functioning (Pourrut et al., 2011a, 2011b). 

Heavy metal (loid)s (Pb and Cd) are capable to induce carcinogenesis, teratogenesis and 

mutagenesis; high Pb and Cd concentrations in edible plant parts were attributed to occurrence 

of upper gastrointestinal cancer (Jarup,2003). Moreover, Pb is also reported to cause improper 

hemoglobin synthesis, renal and tumor infection, elevated blood pressure and malfunctioning 

of reproductive system (Pourrut et al., 2011a,b).  

2.4.6. Soil Quality and Leachate Influence on Metal Concentrations 

Soil is a crucial component of rural and urban environments and in both places land 

management is the key to soil quality (Chukwulobe and Saheed, 2014). The quality of soil 

depends on both its physical properties which include colour, texture, moisture content, pH 

and chemical properties which include cation exchange capacity, phosphate-phosphorous, 

sulphate-sulphur, nitrate and nitrite-nitrogen. The physical properties and chemical properties 

largely determine the suitability of a soil for its planned use and the management requirements 

to keep it most productive. The behavior and fate of metals are governed by a range of 

different physicochemical processes, which dictate their availability and mobility in the soil or 

sediment system. In the water phase, the chemical form of a metal determines the biological 

availability and chemical reactivity (sorption/desorption, precipitation/dissolution) towards 

other components of the system (Osazee et al., 2013). 
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Leaching is the movement of contaminants, such as water-soluble metals or fertilizers, carried 

by water downward through permeable soils. Metal concentrations are spatially different 

through the soils profile. Soils under a pH of 5.0 encounter problems with the mobilization of 

heavy metals so they are more likely to be held in the top layers of acidic soils (Ahmad et al., 

2005). Al and Mn are the quickest and most mobile of the heavy metals this is because 

contaminant mobilization is primarily controlled by contents of Fe, Al and Mn oxides in the 

soil (Ahmad et al., 2005). 

2.5. Remediation of Heavy Metal Contaminated Soils 

Soil contaminated by heavy metals may pose a threat to human health if the heavy metals 

enter the food chain. Remediation should be carried out to ensure that agricultural produce 

from such areas can safely be eaten. The overall objective of any soil remediation approach is 

to create a final solution that is protective of human health and the environment. Remediation 

is generally subject to an array of regulatory requirements and can also be based on 

assessments of human health and ecological risks where no legislated standards exist or where 

standards are advisory. The regulatory authorities will normally accept remediation strategies 

that centre on reducing metal bioavailability only if reduced bioavailability is equated with 

reduced risk, and if the bioavailability reductions are demonstrated to be long term (Martin 

and Ruby, 2004). 

2.5.1. Physical Remediation 

            2.5.1.1. Soil replacement  

Soil replacement of contaminated soil refers to replacing or partly replacing contaminated soil 

by non-contaminated soil. Prior to 1984, excavation, off-site disposal and soil replacement 

were the most commonly method for cleaning-up contaminated sites. Soil replacement method 

dilutes the concentration of heavy metal (loid)s in soil, and in turns increases soil functionality 

(Yao et al., 2012). The replaced soil is generally treated to remove heavy metal (loid)s or in 

some cases dumped in other places. Soil replacement can also be carried out by (i) soil spading 

and (ii) new soil importing. In soil spading, contaminated site is dug deeply and the heavy 

metal(loid)s are spread into the deep sites, thus achieving the aim of metal diluting. New soil 
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importing refers to adding clean soil into the heavy metal (loid) polluted soil. The added soil is 

either covered in the surface or mixed to make the metal concentration decreasing.  

Douay et al. (2008) carried out soil replacement remediation project in three kitchen gardens 

near Metaleurop Nord smelter situated in the North of France having high concentrations of 

Pb and Cd in the top soils (up to 3300 and 24 mg kg−1 respectively). Under this study, they 

delineated a surface area of about 50–100 m2 for each garden, removed the contaminated soil 

and replaced it with a non-contaminated one. After soil replacement, cultivation of vegetables 

(during 2003 to 2005) showed a clear improvement of vegetables and soil quality (Douay 

etal., 2008). Soil replacement method can effectively isolate the contaminated soil and 

ecosystem, thus minimizing its effect on the environment. However, this technique is costly 

due to high labor work, and is appropriate for heavily contaminated soils with small area. 

Costs for bulk excavation, transportation over short distance, and disposal vary from $270 to 

$460 per ton. Costs for long distance transport of excavated soil may be substantially higher. 

Moreover, this technique may not be applicable to agricultural sites because there is a risk of 

loss of soil fertility (Sena et al 2016). 

            2.5.1.2. Vitrification  

The mobility of heavy metal(loid)s inside soil can be reduced by applying high temperature 

treatment at the contaminated site (Mallampati et al., 2015) that leads to the formation of 

vitreous material. During vitrification, some metal species (such as Hg) may be volatilized 

under high temperature that must be collected for further disposal or treatment. Vitrification is 

not considered a classical metal remediation technique. Vitrification is comparatively easy to 

apply compared to other physical remediation methods. Vitrification can be applied to 

majority of soils contaminated with inorganic (heavy metal(loid)s) and organic contaminants. 

During in situ vitrification, electric current is passed through the soil by vertically inserting an 

array of electrodes into the contaminated area. However, dry soil may not provide enough 

conductances for vitrification. 

 Recently, Dellisanti (2016) carried out an in-field Joule heating vitrification of tons of Zn and 

Pb rich ceramic waste by heating up to about 1850 °C. They reported that the vitrification 

method was greatly efficient to clean-up tons of heavy metal(loid)s contaminated waste 
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materials and can be applied for cleaning huge volumes of soil. Temperature during 

vitrification plays a key role in the immobilization of heavy metal(loid)s in soil samples. For 

example, Navarro et al. (2013) carried out vitrification of waste from Ag-Pb mines in Spain 

using solar technology. They showed that vitrification caused immobilization of Zn, Mn, Fe, 

Cu and Ni at 1350 °C, whereas Zn, Ni, Mn and Cu were mobilized at 1050 °C. Vitrification 

can be performed both in situ and ex situ, although in situ method is preferred due to 

comparatively low cost and energy requirements. Ex situ vitrification processes contains 

various stages such as excavation, mixing, pretreatment, melting feeding, and casting of the 

melted product which makes it costy (Dellisanti, 2016).  

            2.5.1.3. Soil isolation  

Soil isolation means to separate the heavy metal (loid) contaminated soil from the 

uncontaminated soil, but for complete remediation it still needs other auxiliary engineering 

measures (Zheng and Wang, 2002). Isolation technologies are generally designed to prevent 

off-site movement of heavy metal (loid)s and other contaminants by restricting them within a 

specified area (Zhu et al., 2012). Soil isolation technology is used to avoid further 

contamination of groundwater by heavy metal (- loid)s when other remediation methods are 

not economically or physically feasible. In some cases, contaminated sites are isolated 

temporarily in order to avoid transport during site assessment and remediation (Sena et al 

2016). 

2.5.2. Chemical Remediation 

            2.5.2.1. Immobilization techniques 

Ex situ and in situ immobilization techniques are practical approaches to remediation of metal-

contaminated soils. The ex situ technique is applied in areas where highly contaminated soil 

must be removed from its place of origin, and its storage is connected with a high ecological 

risk (e.g., in the case of radio nuclides). Immobilization technology often uses organic and 

inorganic amendment to accelerate the attenuation of metal mobility and toxicity in soils. The 

primary role of immobilizing amendments is to alter the original soil metals to more 

geochemically stable phases via sorption, precipitation, and complexation processes 
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(Hashimoto et al., 2009). The mostly applied amendments include clay, cement, zeolites, 

minerals, phosphates, organic composts, and microbes (Finžgar et al., 2006). Most 

immobilization technologies can be performed ex situ or in situ. In situ processes are preferred 

due to the lower labour and energy requirements, but implementation of in situ will depend on 

specific site conditions. 

The method’s advantages are: (i) fast and easy applicability and (ii) relatively low costs of 

investment and operation. The method’s disadvantages include (i) high invasivity to the 

environment, (ii) generation of a significant amount of solid wastes (twice as large as volume 

after processing), (iii) the byproduct must be stored on a special landfill site, (iv) in the case of 

changing of the physicochemical condition in the side product or its surroundings, there is 

serious danger of the release of additional contaminants to the environment, and (v) permanent 

control of the stored wastes is required. In the in situ technique, the fixing agents amendments 

are applied on the unexcavated soil. The technique’s advantages are (i) its low invasivity, (ii) 

simplicity and rapidity, (iii) relatively inexpensive, and (iv) small amount of wastes are 

produced, (v) high public acceptability, (vi) covers a broad spectrum of inorganic pollutants. 

The disadvantages of in situ immobilization are (i) its only a temporary solution (contaminants 

are still in the environment), (ii) the activation of pollutants may occur when soil 

physicochemical properties change, (iii) the reclamation process is applied only to the surface 

layer of soil (30–50 cm), and (iv) permanent monitoring is necessary (Martin and Ruby, 2004). 

            2.5.2.2. Soil washing 

Soil washing refers to removal of heavy metal(loid)s from soil using various reagents and 

extractants (Guo et al., 2016; Park and Son, 2016) that can leach the heavy metal(loid)s from 

the soil. Recently, use of suitable extractants for leaching heavy metal(loid)s from 

contaminated soils have proven as an alternate to some of the conventional techniques for the 

clean-up of contaminated soils. During soil washing, the contaminated soil is dug out and 

mixed with a suitable extractant solution depending on the type of metal and soil. 

 The extractant solution and soil are mixed thoroughly for a specified time. Through the 

precipitation, ions exchange, chelation or adsorption, the heavy metal(loid)s in soil are 

transferred from soil to liquid phase, and then separated from the leachate (Ferraro et al., 
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2015). The separated soil that fulfills regulatory criteria can be backfilled to original site. Use 

of soil washing for the remediation of heavy metal(loid) contaminated sites is frequently used 

because it completely removes the metals from soil. Moreover, soil washing is a rapid method 

which can meets specific criteria without any long-term liability (Park and Son, 2016).  

Owing to its high efficiency, soil washing is considered one of the most cost-effective soil 

remediation technologies Soil washing is essentially a volume reduction/waste minimization 

treatment process. It is done on the excavated (physically removed) soil (ex situ) or on-site (in 

situ). Soil washing as discussed in this review refers to ex situ techniques that employ physical 

and/or chemical procedures to extract metal contaminants from soils. During soil washing, (i) 

those soil particles which host the majority of the contamination are separated from the bulk 

soil fractions (physical separation), (ii) contaminants are removed from the soil by aqueous 

chemicals and recovered from solution on a solid substrate (chemical extraction), or (iii) a 

combination of both (Dermont et al., 2008).  

2.5.3. Biological Remediation of Heavy Metal Polluted Soils 

Bioremediation is the use of organisms (microorganisms and/or plants) for the treatment of 

polluted soils. It is a widely accepted method of soil remediation because it is perceived to 

occur via natural processes. It is equally a cost effective method of soil remediation. Heavy 

metals cannot be degraded during bioremediation but can only be transformed from one 

organic complex or oxidation state to another. Due to a change in their oxidation state, heavy 

metals can be transformed to become either less toxic, easily volatilized, more water soluble 

(and thus can be removed through leaching), less water soluble (which allows them to 

precipitate and become easily removed from the environment) or less bioavailable (Sena et al 

2016) 

Microbial remediation refers to using microorganisms to induce the absorption, precipitation, 

oxidation and reduction of heavy metal (loid)s in the soil. Soil microbial association helps 

plants to grow well even under metal stress conditions. It is well established that plant growth-

promoting and heavy metal(loid)s-resistant soil microorganisms can protect plants from the 

noxious effects of heavy metal(loid)s, or even increase metal uptake by hyperaccumulator 

plants (Weyens et al., 2009a, 2009b).  
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Making the soil favourable for soil microbes is one strategy employed in bioremediation of 

polluted soils. This process known as biostimulation involves the addition of nutrients in the 

form of manure or other organic amendments which serve as C source for microorganisms 

present in the soil. The added nutrients increase the growth and activities of microorganisms 

involved in the remediation process and thus this increases the efficiency of bioremediation. 

Although biostimulation is usually employed for the biodegradation of organic pollutants 

(Abioye, 2011). it can equally be used for the remediation of heavy metal polluted soils. Since 

heavy metals cannot be biodegraded, biostimulation can indirectly enhance remediation of 

heavy metal polluted soil through alteration of soil pH. It is well known that the addition of 

organic materials reduces the pH of the soil (McCauley, 2008); this subsequently increases the 

solubility and hence bioavailability of heavy metals which can then be easily extracted from 

the soil (Karaca , 2004). 

Phytoremediation is an aspect of bioremediation that uses plants for the treatment of polluted 

soils. It is suitable when the pollutants cover a wide area and when they are within the root 

zone of the plant( Garbisu C and I. Alkorta ,2003). Phytoremediation of heavy metal polluted 

soils can be achieved via different mechanisms. These mechanisms include phytoextraction, 

phytostabilization, and phytovolatilization. 
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3. Materials and Methods 

3.1. Description of Study Area 

3.1.1. Location 

The present study site-Mojo Tanning Industry is located in Mojo town, Oromia Region, 

Ethiopia,  at about 80 km south of Addis Ababa, .It has a latitude and longitude of 8°35′N 

and39°7′E (Figure 1) with altitudinal range between 1788 and 1825 meters above sea level 

(masl). Based on data of 2007 from central statistics agency, Mojo has an estimated total 

population of 39,316 (19,278 male and 20,038 females).The study area located in Mojo town 

Lomi Woreda in Doro Erbata area where the solid waste being dumped from 14 tannery 

industries.  

Figure 1 Map of study area 

 



34 
 

 
 

Mojo Tanning industry, is a medium-sized leather industry in Ethiopia with installed capacity 

of processing 844,000 and 1,656,000 sheep and goatskins, respectively, per annum (EPA, 

2002). The dumping site in the study area reserved only for Tannery industrial solid waste 

disposal while others wastes like municipal and household’s wastes are not allowed to dispose 

their wastes in these industrial damping site. The landfill of waste surrounded by agricultural 

land, residential area and river courses. 

3.1.2. Climatic and Topography 

The climate condition of Mojo town falls under the (agro ecological zone) tropical dry zone. 

The area has a bimodal rainfall with a short rainy season from March to May and a long rainy 

season from June to September. The average annual rainfall of the area varies from 730 to 

1100mm, while the average minimum and maximum temperature of the area is 12° and 30°C, 

respectively (Metrological data Mojo Station, 1996–2005). 

The topography of Mojo town ranges from 1788 to 1825 in the northern part of the town. The 

southern part of the town is the area around the highway towards Shashemane. From this 

highway, the general characteristic of the terrain decreases in elevation towards Mojo River. 

On the other hand the South-eastern part of the town is ascending in elevation around 

Ethiopian Road Authority camp. In the western and the central part of the town the topography 

of the terrain is plain except in gorges of Mojo river, where there is descending in elevation. In 

the eastern direction, the topography is plain but the peripheral area of the land is ascending in 

elevation from Malk- Lami towards Tedde high lands. Because of the topographic 

configuration of the town and its environment, the alignment of flow of the Mojo River is 

from north western to the south eastern direction of the town. Mojo town is located in Awash 

drainage basin (Oromia urban planning institute, 2009). 

3.1.3. Geology and Soil 

Geology of Mojo and its surrounding areas are supposed to have been covered by the ancestral 

lake during the pluvial period of the Quaternary. Currently in the areas of Mojo Town the 

lacustrine sedimentation is found. These lacustrine sediments are the redeposit of volcanic 

sands, silt stone, sand stone, and diatomite with intercalations of water-laid tuff (Oromia urban 

planning institute, 2009).  
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Andosols (Mollic and Vitric Andosols): This group of soil is formed from volcanic ash 

parent material. They are light, loose, and porous, have high drainability capacity and absorb 

much water. Andosols are sub-divided into Mollic Andosolsa (9.91%) and Vertic Andosols 

(13.52%). Andosols are very fragile soil and thus get easily detached by rain droplets as well 

as transportable by wind. On flat surfaces like the floor of the rift valley, because of high 

sodium content, they have limited agricultural value. Andosols extend over larger portions of 

Adami Tullu Jido Kombolcha, Boset, Dugda, Adama, Lume and Bora districts of the zone, 

which accounting for about 23.43% of the land area of the zone (Mojo City Land 

Administration, 2015). 

Luvisols (2.73%): Luvisols are sub-divided into Chromic Luvisols and Orthic Luvisols. 

Luvisols are formed in zone of relatively pronounced wet and dry season. They do not occur in 

semi-arid areas and deserts. Luvisols are mainly in the temperate highlands, particularly in 

northwestern Ada, northern Boset and limited areas of Adama and Lume districts of the zone. 

With high base saturation and high content of weather able minerals they have high 

agricultural potentiality.  Vertisols (black cotton) found in the central, south and south western 

part of the town (Mojo City Land Administration, 2015).  

3.2. Solid Wastes and Soils Sampling Technique 

3.2.1. Solid Waste Sampling 

To assess heavy metals (Cr, Pb, Cd, Fe, Ni, Zn, Mn and Cu) concentrations in the decomposed 

industrial solid waste, from the dumping sites. Three solid waste samples were taken in mixed 

to form one composite sample of degradable tannery industrial solid waste. Non-degradable 

materials were separated from the decomposed waste manually. The collected samples were 

air-dried, packed and labeled in polyethylene bags and submitted to Haramaya University 

Central laboratory for preparation.   

3.3.2. Soil Sampling 

To asses concentration of heavy metals in soil at Mojo industrial dumping site, 3 soil sampling 

points were purposively selected where degradable wastes is being dumped. The waste was 

removed from the surface and soil samples were collected from 0-20, and 20-40 cm depth 
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using auger. A total of six (3*2 = 6) soil samples were collected from the dumping site. Two 

composite soil samples were made (one composite sample from each depth). With the 

assumption of free of contamination, an intact composite sample was taken at 100 m away 

from dumping site from each soil depth which were served as a control sample. The samples 

was packed in plastic bags and transported to Central laboratory. The soil and fresh solid 

waste sample were air dried. The samples were ground and sieved through a 2 mm sieve and 

coarse particles greater than 2 mm size is discarded. The ground samples were stored for 

digestion and subsequent analyses. 

3.4. Solid Waste Heavy Metal Laboratory Analysis 

The solid waste samples were digested with concentrated nitric (HNO3) and perchloric acids 

(HClO4). Then 3 ml of concentrated HNO3 was added to 1.0 g samples. The acid sample 

mixture was heated to about 145°C for 1 hour. After 1 hour heating, 4 ml concentrated HClO4 

was added and the mixture was heat to 240oC further for 1 hour. After complete digestion of 

all samples, the digested was allowed to cool to room temperature. The content of the digest 

was filtered through what man No. 42 filter paper and diluted to 50-ml volume with deionized 

water. The diluted digest was taken for subsequent analysis of heavy metals as described by 

Chen et al. (2009).The selected heavy metals concentrations of Fe, Mn, Cu, Zn, Cd, Ni, Pb, 

and Cr was measured by atomic absorption spectrophotometer. The level of each heavy metal 

was measured at specific wavelength; chromium (357.9nm), lead (217nm), zinc (324.8nm), 

iron (248.3nm). 

3.5. Soil Laboratory Analysis 

3.5.1. Soil Particle size analysis 

 The soil particle size distribution was determined using the Bouyoucos hydrometer method 

(Bouyoucos, 1962) and the soil textural class name was assigned based on USDA textural 

triangle (USDA, 1987).  
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3.5.2. Soil Heavy Metal Analysis 

The soil samples were digested with concentrated nitric (HNO3) and perchloric acids (HClO4). 

Then 3 ml of concentrated HNO3 was added to 1.0 g samples. The acid sample mixture was 

heated to about 145°C for 1 hour. After 1 hour heating, 4 ml concentrated HClO4 was added 

and the mixture was heat to 240oC further for 1 hour. After complete digestion of all samples, 

the digested was allowed to cool to room temperature. The content of the digest was filtered 

through what man No. 42 filter paper and diluted to 50-ml volume with deionized water. The 

diluted digest was taken for subsequent analysis of heavy metals as described by Chen et al. 

(2009).The selected heavy metals concentrations of Fe, Mn, Cu, Zn, Cd, Ni, Pb, and Cr was 

measured by atomic absorption hotometer. The level of each heavy metal was measured at 

specific wavelength; chromium (357.9nm), lead (217nm), zinc (324.8nm), iron (248.3nm). 

3.6. Data Analysis  

Data obtained was analyzed using Microsoft Excel. The result was presented in tabular and 

graph form. 
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4.  RESULT AND DISCUSSION 

4.1. Soil Particle Size Distribution  

The particle size distribution of the soils collected from dumping and control sites presented in 

Table 4.1. The result showed that all soil samples from both sites  were predominantly sandy 

with the textural class of sandy loamy at dumping site and sand clay loam at control site. The 

percentage of sand across the sites was 70% and 60% in surface layer (0-20 cm) dumping site 

soil and the control recording, respectively, at which it decreased with increasing depth.  The 

percentage of silt (17 and 16%) and clay (13 and 24%) were in upper 20 cm soil layer at 

dumping and control sites, respectively.  

Table 1 Soil particle size distribution at dumping site and control sampling site 

Sample 

Depth 

(cm) Sand % Silt% Clay % 

Textural 

Class 

            

  0-20 70% 17% 13%  Sandy loam 

Dumping 

site soil            20-40 66% 23% 11%  Sandy loam 

            

            

Control    0-20 60% 16% 24% 

 Sandy clay 

loam 

  

 

 

20-40 59% 16% 25% 

 Sandy clay 

loam 

 

Soil sample from dumping site soil has higher percentage of sand and silt compared to control 

but lower percentage of clay was observed in dumping site soil. As a result there will be 

higher amounts of leachat of metal downward to soil profile. According to Ogbonna et al., 

(2006), dumping sites with low sand fractions (< 40%) are not suitable for waste land filling 

since they are rapidly permeable and could allow large quantities of leachate from the wastes 

to invade the deposited refuse and finally to the groundwater resources. This concludes that 

very low and high range of sand contents in soils from the vicinities of solid waste dumpsites 

could permit occurrences of leachate to the underground and affects the surrounding 

environments. 
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4.3. Concentrations of Heavy Metals in the Tannery Solid Waste and 

Dumpsite Soil 

4.3.1. Concentrations of Heavy Metals in the Tannery Solid Waste 

Tannery Solid wastes have high amounts of chromium, iron and manganese with 78mg/kg, 

23.6mg/kg and 13mg/kg and small amounts of Zink (8.6mg/kg) and nickel (3mg/kg). The 

mean Fe and Zink content of solid waste reported in this study was lower than those reported 

by (Koki and Jimoh (2015). Since, Chromium is one of the most widely used chemicals throughout 

tannery processing chromium concentrations of solid waste was higher with (78mg/kg) than 

all metal presented in below table. The high concentration of chromium in the waste may lead  

to  its  bio accumulation  by  the  surrounding  and hence  a  threat to  human  health  (Sezgin 

et  al.,  2004). 

Table 2 Heavy metal concentrations of Tannery solid waste 

 

              

Fe 

(mg/kg) 

Cr 

(mg/kg) 

Zn 

(mg/kg) 

Mn  

(mg/kg) 

         Ni                    

(mg/kg) 

         Cu 

        (mg/kg) 

            

Pb 

(mg/kg) 

     Cd 

   (mg/kg) 

Tannery 
solid waste  23.6 78 8.6 13         3           ND     ND         ND 

ND: Not Detected 

Chromium still presents some risks to human health since chromium can be accumulated on 

skin, lungs, muscle, fat, in liver, dorsal spin, hair, nails and placenta where it is traceable to 

various health conditions (Adeleken and Abegunde, 2011).The presence of toxic metals in 

skin and leather comes from the chemicals used during the chemical pretreatment process and 

up to dyeing which gives different color to the skin contain significant amount of some heavy 

metals (Naidu et al., 2000). Relatively the mean Cr content of tannery solid waste reported in 

this study was lower than those reported by Koki  and Jimoh (2015), But higher than 

27.4mg/kg reported by Tajur (2012) in solid waste of Ethio - Leather Industry Private Limited 

Company, Addis Ababa. While lead, copper and cadmium was not found in solid waste these 

might be due to the concentration was below the detection limits or absence of sources of this 

metal. The same results were found by (Koki and Jimoh (2015).  
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4.3.2. Concentrations of Heavy Metals in the Tannery Dumping Site Soil 

4.3.2.1. Chromium (Cr) 

Chromium is more toxic at higher temperature and its compound is known to cause cancer in 

humans. Hexavalent chromium is highly unstable and powerful oxidizing agent that cause 

serious damage to health which cause lung and skin cancer. Higher concentrations of Cr (4 

mg/kg in 0-20 cm and 2 mg/kg in 20-40 cm depth) were detected in dumping site soils, where 

lower concentrations Cr (3 mg/kg in 0-20 cm depth and 2 mg/kg in 20-40 cm) was found in 

control sample which present in below Table 4.4. High amounts of chromium observed in 

dumping site soil than control site soil. High concentration of Chromium in the dump site was 

due to high concentrations of Cr in solid waste of the tannery as a result of the chrome tanning 

method employed by the tanneries. Sources of Chromium in tannery wastes were the tanning 

salts, dyes, pigments and preservatives.  

Cr content of dumping site soil is below the value reported by Ali et al (2013) and Rahaman et 

al (2016) and lower than maximum permissible limits (100mg/kg) set by WHO (Chiroma, 

2014). The high Cr content in could be attributed to adsorption of the metal while dilution may 

be responsible for the lowest value in the dumping site soil sample. This is due to Chromium 

mobility depends on sorption characteristics of the soil, including clay content, iron oxide 

content, and the amount of organic matter. Chromium can be transported by surface runoff to 

surface waters in its soluble or precipitated form. Soluble and un-adsorbed chromium 

complexes can leach from soil into groundwater. The leachability of Cr (VI) increases as soil 

pH increases. Most of Cr released into natural waters is particle associated; however, it is 

ultimately deposited into the sediment (Smith et al., 1995). Over all the result of the present 

study showed that the concentration of Cr was below toxic level both in the soils of dumping 

and control sites.   
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4.3.2.2. Iron (Fe) 

Iron is the most abundant and an essential constituent for all plants and animals. At high 

concentration, it causes tissues damage and some other diseases in humans. It is also 

responsible for anemia and neurodegenerative conditions in human being (Fuortes and 

Schenck, 2000).  Iron is present in all samples analyzed due to the abundance nature of Fe in 

the earth crust. The Fe content was higher in the dumping site soil than control sample. This 

might be the effect of age and decomposition of waste as a result of temperature, moisture and 

amount of rainfall. 

Since the solid waste directly intact to the upper layer of the soil dumping site soil of 0-20 

considerably show higher value of iron metal concentration (Table 4.4). The Fe concentration 

of tannery dump site soil was higher compared to those of tannery-affected soils from Sialkot 

(44.4 mg/kg) cities, Pakistan (Ali et al., 2013) and lower than reported by Rahaman et al 

(2016) and maximum permissible limit set by WHO (Chiroma, 2014). This show the 

concentration of iron metal may not have some effects on plants and animal on certain extents 

but need to have proper monitory system so does not exceed maximum permissible level. 

4.3.2.3. Manganese (Mn) 

Manganese one of the commonly found elements in the lithosphere. It is a very essential trace 

heavy metal for plants and animals growth. Its deficiency produces severe skeletal and 

reproductive abnormalities in mammals. High concentration of Mn causes hazardous effects 

on lungs and brains of humans (Järup, 2003).  The concentration of Mn found in the present 

study ranges from 35.916 to 35.166 mg/kg (Table 4.4). It can be adsorbed onto soil depending 

on organic matter content, pH, soil grain-size and cation exchange capacity (CEC) of the soil. 

The Mn content of dumping site soil found in the present work was above result reported by 

the Ali et al (2013) But lower than maximum permissible limit set by WHO (Chiroma, 2014).  
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Table 3 Concentrations of heavy metal in dump site soil and control sample 

 Depth(cm) 

Fe 

(mg/kg) 

Cr 

(mg/kg) 

Zn 

(mg/kg) 

Mn  

(mg/kg) 

Ni 

(mg/kg) 

Cu 

(mg/kg) 

Pb 

(mg/kg) 

Cd 

(mg/kg) 

 

Dump site 

soil 0-20 50.2 4 21.4 35.916 14 ND  ND ND 

  20-40 49.4 2 19.5 35.166 10 ND  ND ND 

 

Control site 0-20 44.4 3 19.7 29.75 10 0.31125  ND ND 

  20-40 45.8 2 15.5 26.83 6 0.25  ND  ND 

            ND: Not detected 

4.3.2.4. Zink (Zn) 

Zinc belongs to a group of trace metals, which is essential for the growth of humans, animals 

and plants and are potentially dangerous for the biosphere when present in high 

concentrations. The main sources of pollution are industries and the use of liquid manure, 

composted materials and agrochemicals such as fertilizers and pesticides in agriculture (Gowd 

et al. 2010). The highest concentration of Zn was recorded in the soil sample at dumping site 

as compared to the control site soil sample (Table 4.4). This might be ascribed to addition of 

more Zn released from decomposition of tannery solid waste.  

The concentrations of Zn in the soil dumping and control sites decreased from 21.4 to 

19.5mg/kg and 19.7 to 15.5 mg/ kg of 0-20 and 20-40 depths, respectively (Table 4.2). This 

might be as resultant of the sorption of metals in the dumping site 0-20 soil. Zn value of soil in 

this study is higher than that of the value (4.2 mg/ kg) reported by Ali et al (2013) and lower 

than that of reported by Rahaman et al (2016) and maximum permissible limits.  

4.3.2.5. Nickel (Ni) 

Nickel (Ni) is element that occurs in the environment only at very low levels and is essential in 

small doses, at high dose can result in lung, liver and kidney damage. In high quantities Ni can 

also cause cancer, respiratory failure, birth defects, allergies, dermatitis, eczema, nervous 

system and heart failure (Arora et al., 2017). Contents of Ni decreased from 14 and 10 mg/kg 

in dumping site soils where as it ranged between 10 to 6 mg/kg in the soil at control site (Table 

4.4).  According to above result, the tannery dumping site soil has higher concentration than in 

the control site soil sample. The Ni content of dumping site soil was higher than those reported 
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by Ali et al (2013) but it is below the maximum permissible limits for soil. At presents time 

may not have effects on plants and microorganism but the employee that work in the dumpsite 

will be affected due to direct contacts to the dumping site soil and waste. 

4.3.2.6. Copper (Cu) Cadmium (Cd) and Lead (Pb) 

Copper was not recorded in dumping site soil, except small amounts of Cu presents in control 

site soil sample (Table 4.4). Cadmium and Pb were not detected in all four soil samples either; 

this might be due to the absence of source of Cd, Pb and Cu or due to the concentration is 

below the detection limit of the AAS or due to absence of sources of this metal. Cd and Pb has 

unknown biological function and regard as harmful even at lower concentrations (Gaur and 

Adholeya, 2004). Missing of this metal in the soil may not have effects on plants growth and 

human. 
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5.4. Vertical Migration Heavy metals 

The overall status metal migration irrespective of dumpsite by depth profile show in below 

graph. The results showed a great variation in the concentrations of the investigated heavy 

metals in both surface and subsurface soil layers. Among the extracted heavy metals, Mn, Fe 

and Zn were the most mobile element while Ni and Cr were the least mobile element down 

into the soil profile. All metals showed mobility downward with in the soil profile.  However, 

higher concentrations of heavy metals were observed at the upper layer (0-20cm). The same 

result found by (Sh. Sallam, 2015) highest concentration of the Cr and Fe metals was found in 

the surface soil layer. Also Nagarajanet al., (2012) found out that the effect of land-fill sites 

has been found in shallow wells. These showed that dumping sites are major sources of 

environmental pollution.   

 
 

Figure 2 Vertical migration of metal down to soil profile 

Control 20-40

Control 0-20

Dump site 20-40

Dump site 0-20
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5. SUMMERY AND CONCLUSION 

Tannery industry is one of the polluting industries in terms of soil, water, and air. This 

industry undergoes many processes that introduce so many heavy metal chemical solvents 

organic and inorganic pollutants. Disposal of these pollutants in the soil affects the 

environment, ecological system and human. The objective of this study was to quantify 

particle size distribution of tannery dump site soil and to assess concentration of heavy metal 

(Pb, Zn, Fe, Mn, Cd, Cu, Ni and Cr)  in the decomposed tannery industrial solid waste and 

dumping site soils and also to assess vertical migration of heavy metal of tannery dumping site 

soil  in Mojo town. Total 5 soil sample were collected purposively. For each sample point 

three samples was collected and made one composite sample. Atomic absorption spectroscopy 

was used for analyzing of heavy metal and Bouyoucos hydrometer method used for analyzing 

of particle size distribution of soil and presented in tabular and graph form. 

In this study the dumping site soil was sandy loam. Solid waste considerably shows higher 

concentrations of Cr. The Concentration of Cr, Fe, Mn, Zn and Ni metal in dumping site soil 

were found at high level compared to the control sample. The concentration of iron is 

relatively higher followed by magnesium, Zink and nickel which had some variation in 

concentration. Chromium showed least concentration value compared to the other heavy 

metals under investigation. The concentration of the metals also varies within soil sampling 

depth. The possible reason for the variation might be mobilization of heavy metals as result of 

rainfall occurring during rainfall season. 

There is possibility of leaching of heavy metals to seasonal soil erosion which joins to Mojo 

River due to high proximity and topography of dumping site to the river and transfer of heavy 

metals to food chain that pose public health risk. Most metal was below maximum permissible 

limit, while others were not detected by Atomic Absorption Spectroscopy. Scanty information 

is available on the impact of tannery solid waste on soil in this region, the result of this work 

could provide baseline data for future monitoring of pollution from the tannery solid waste. 

Even though there is need for further study to ascertain the level of contamination by other 

pollutants and the biological sustainability of the soils in the near future.   
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Based on the study undertaken in tannery solid waste dumping site the following 

recommendation given: 

 Chromium concentration in solid waste was higher, these because of chrome tanning 

methods used in tannery industry so instead of chrome tanning method vegetable 

tanning should be used. 

 Metal concentration of dumpsite soil have higher value from control sample the using 

of these metal in tannery industry should be reduced or replace by another materials. 

 The control sample also has some metal, horizontal and vertical distribution of metal 

should be controlled 
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Appendix table 1 Maximum permissible limits of heavy metals in soil (µg∕g) set by World 

Health Organization (WHO) 

Chemical element Maximum permissible limit in level in soil(µg∕g) 

As 20 

Cd 3 

Co 50 

Cr 100 

Cu 100 

Fe 50000 

Mn 2000 

Ni 50 

Pb 100 

Sn 10 

Zn 300 

             Source (Chiroma, 2014)  

 

               

           Appendix table 2Comparison of Metals in Soil Samples with Different Standards (mg/kg) 

Element  value  

0-20 cm  

 value       

2040cm  

Dutch  

 

Canada Tanzania  WHO  

 

china EU 

 

Austria  

 

Fe 50.2   49.4 NA NA NA     50 NA NA NA 

Mn 35.916 35.166 NA NA NA     2 NA NA NA 

Cu ND ND 36 150 200    1 – 12 50-200 140 100 

Zn     21.9 19.5 140 500 150   12 – 60 200-300 300 300 

Ni 14 10 35 100 100   0.1 – 5 40-60 75 100 

Cr       4 2 100 250 100  0.002-0.2 150-300 150 100 

Pb       ND ND 85 200 200 0.3- 10 80 300 100 

Cd ND ND 0.8 20 1   0.02-0.5 0.3-0.6 3 5 

 

Source (CME2009, EPMC2014, TMS2007,van Lynden et al., 2004, Chiroma et al., 

2014,Maleki et al.,2014) 
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