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Tannery effluents consist of large amounts of heavy metals that are toxic to our health. Release of untreated tannery effluents to the water bodies have a negative impact on water quality directly and human health indirectly. This study was performed to determine the levels of heavy metals (Cr and Pb) in Batu tannery which is located in Kality near little Akaki River to which its effluents enter. Samples of tannery waste water and Sebeta river water were digested using acid digestion method in 69.5-72% conc. HNO3 for two hours at 240The levels of Cr found in Batu tannery effluent after AAS determination was 13.5 ± 0.0703 mg/L. Similarly Pb was below detection limit in Batu tannery also. However, both metals were below detection limit in Sebeta River. The obtained result indicated that the concentration of Cr in Batu tannery was above the permitted value of FEPA and WHO. The % R result (99.1 ± 5.33) shows that the digestion procedure was acceptable. 
Key words: Tannery effluents, toxic, Batu tannery, AAS, digestion procedure
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[bookmark: _Toc147603017][bookmark: _Toc512827315]1. Introduction
[bookmark: _Toc504684767][bookmark: _Toc504692865][bookmark: _Toc504861945][bookmark: _Toc147603018][bookmark: _Toc512827316]1.1. Metal Pollution as Environmental Problem

There are different types of pollution among which pollution caused by toxic levels of heavy metal pollutants is heavy metal pollution. Heavy metals are elements having a density greater than 5 g/cm3 in their elemental form. Heavy metal pollution is a serious problem to the environment. So, it received attention of researchers all over the world, mainly their harmful effects on human beings. Heavy metals that are discharges into rivers and lakes from different sources that include rocks and soils directly exposed to water bodies, in addition to the discharge of different liquid wastes [1].
Pollution includes man made as well as natural that may have a negative impact on the human health and the environment. Pollution affects environment especially in developing countries. In developed countries, wastes are treated to ensure that there is clear air, sewage treatment, drinking water, save food laws and food refrigeration. It is possible to observe the impact of pollution in plants and animals as well as on the earth. Pollution comes from industries, burning fossil fuel in engines, waste disposal and use of agricultural chemicals on farms [2]. 
Water pollution is a big problem in the world particularly in Ethiopia. Something which affects the quality of water is pollutant [3]. Natural water is one of the natural resources that are important not only to our life but also to other animals. Natural water quality is affected by different activities like urbanization, industrialization, rapid population growth that make our environment polluted [4].
Either surface water or underground water can be polluted due to the discharge of wastes from the leather industry especially chromium oriented industry. The problem that faced to human and the environment is as a result of water pollution. The polluted water distributes a wide range of diseases so, safe drinking water is a necessity for human development, and health [5,6].

In the world, environmental pollution has been a major area of concern. Agricultural and industrial processes released toxic substances such as heavy metals to the environment which retaken by animals as well as by plants into their body systems that cause another distribution of toxicants to the environment. The amount of chromium that is discharged from the industries is large relatively on the surface of the earth [7]. 
Now water quality in Addis Ababa has become the main health problem to human health especially on those living in downstream and in areas in which there is a shortage of quality water supply [8].

Addis Ababa is a developing city in which different industries are found. However, the waste collection strategy is not attractive [9, 10].
[bookmark: _Toc512827317]1.2. Leather Tanning
Leather tanning is the process of converting raw hides or skins into leather. Hides and skins have the ability to adsorb tanning acid and other chemical substances that prevent them from decaying, make them resistant to wetting and keep them supple and durable [11].
Leather processing stages can be divided into four main stages [11]
a) Beam House Processes
The conventional conversion process of hides or skins to leather involves different operations. The conserved hides or skins are first subjected to a trimming process for removing the unwanted parts. In this process the hides or skins are soaked to keep the lost water due to common salt applied during curing process and to remove substances like dirt, blood and salt using wetting agents like sodium carbonate or sodium hydroxide.
b) Tanning Process
The tanning process is applied with different tanning materials in order to provide the leather with a stable form and high thermal stability.



c) Re-tanning Process
In this process, the wet blue hide or skin is changed to crust leather. In this stage, structural differences with in wet blue leathers are compensated to obtain uniform structure.
d) Finishing Process
Finishing process is the mechanical modifications on the appearance of leather like elasticity and softness. This process involves surface coatings and mechanical operations.
Tanning processes are two types:	
a) Vegetable Tanning
Heavy leathers and sole leathers are produced by the vegetable process, the oldest of any process in the leather tanning industries.  In this method, the hides are first trimmed and soaked to remove salt and other solids and to restore moisture lost during curing [12]. Following the soaking, the hides are fleshed to remove the excess tissue to make uniform thickness and to remove muscles or fat adhering to the hide. Hides are then dehaired to ensure that the grain is clean. Liming process is the most common method of hair removal.
b) Chrome Tanning
Chrome tanning is the most common type of tanning in the world. Mostly, chrome-tanned leathers are characterized by top handling quality, hydrothermal stability [12].
[bookmark: _GoBack]Chrome –tanned leather tends to be softer and more pliable than vegetable-tanned leather, has higher thermal stability, is very stable in water and takes less time to produce than vegetable-tanned [13]. The primary steps of the process in chrome tanning like soaking, fleshing, liming, deliming, bating, pickling and the drying steps are usually carried out to get usable leathers.[image: ][image: ]
Figure 1: Process Steps in Leather Making (Chromium Tanning) [14]

[bookmark: _Toc504684768][bookmark: _Toc504692866][bookmark: _Toc504861946][bookmark: _Toc147603019][bookmark: _Toc512827318]1.3. Health Risks Associated with Tannery Effluents

The tanning industry is in which pollution comes via tannery effluents is high in organic as well as inorganic dissolved wastes containing toxic heavy metals [15].
Mostly in the tanning process chromium (III) salts are important chemicals due to fast processing, low cost and give good quality of leather product but they release wastes that are toxic to our health. Industries release waste water without treatment on the water bodies as well as on the land [16]. From 60% -70% of total chromium salts react with hides and skin out of this remaining percent of chromium is found in the solids and liquid wastes [17]. Chromium metal should be removed from waste water in order to protect our health from chromium hazards. According to an official reported to environmental protection department, the workers of tanning industries encountered some diseases like loss of eye sight, respiratory tract infection, diarrhea, heart burning and skin irritation [18]. 
[bookmark: _Toc504684769][bookmark: _Toc504692867][bookmark: _Toc504861947][bookmark: _Toc147603020][bookmark: _Toc512827319]1.4. Atomic Absorption Spectroscopy

Atomic Absorption Spectroscopy is a method for measuring amounts of chemical species present in environmental samples by measuring the absorbed radiation by the chemical species. This is performed by observing the spectra produced when the analyte is excited by radiation. During this time, the atoms absorb visible light or ultraviolet and made transitions to the higher energy level. Atomic absorption techniques determine the quantity of energy in the form of photons of light that are taken by the analyte. In analytical chemistry, AAS is a method that is used mostly for determining the amount of a particular metal within a sample [19]. 
Determination of trace amounts of lead and chromium were performed all over the world by using analytical methods. The most widely used technique for metal analysis is the flame atomization system in atomic absorption the analyte solution is changed into free atoms in the optical path. In flame atomizer, the first target of the sample introduction system is to generate an aerosol of the sample in the fuel mixture. This needs the production of an aerosol with enough number of small droplets and to introduce a portion of the sample in the flame without experiencing difficulties like nebulizer or burner blockage [20].
[image: ]
[bookmark: _Toc147603021][bookmark: _Toc512827320]Figure 2: Basic Anatomy of an AAS System [20]
The hollow cathode lamp operates by exciting metal cathode which emits radiation at the desired wave length.
[image: ]AAS operates based on the Beer-Lambert Law 
                                       --------------------------------------- (1)
Where:   A - Absorbance
            [image: ]-Incident intensity        [image: ]-Transmitted intensity








Alternatively Absorbance can be calculated by using the following formula
A=εbc--------------------------------------------------------------- (2)
 Where: ε=Absorption coefficient	
            b=Length of the absorption path
           c=Concentration of absorbing atoms [20]. 
 Basic principle of AAS
1. All atoms can absorb light.
2. The wave length at which light is absorbed is specific for each element.
3. The amount of light absorbed at specific wave length will increase as the number of the selected element in the light path is increased and is proportional to the concentration of absorbing atoms.
[bookmark: _Toc504684770][bookmark: _Toc504692868][bookmark: _Toc504861948][bookmark: _Toc147603022][bookmark: _Toc512827321]1.5. Digestion Methods
[bookmark: _Toc504684771][bookmark: _Toc504692869][bookmark: _Toc504861949][bookmark: _Toc147603023][bookmark: _Toc512827322]		1.5.1. Dry Ashing

Dry ashing or dry oxidation is a process of minimizing the effect of organic materials in metal determination. Dry ashing is a sample preparation method that was described by several authors. During this process, there is ignition of organic compounds by air at atmospheric pressure and at high temperature 450-550 in a muffle furnace [21].
[bookmark: _Toc504684772][bookmark: _Toc504692870][bookmark: _Toc504861950][bookmark: _Toc147603024][bookmark: _Toc512827323]		1.5.2. Wet Ashing

Wet ashing or wet digestion is important to destroy organic part of samples in order to extract heavy metals by means of concentrated acids. Compared to dry ashing, wet digestion shows a wide range of varieties, concerning the choice of reagents or devices used. The wet digestion system uses concentrated acid like HNO3, H2SO4, HCl, HClO4.  However conc. HNO3 is the most selective oxidant for the destruction of the organic matter. But to decompose fats, proteins and amino acid require the use of H2SO4 or HClO4 [22].
[bookmark: _Toc504692871][bookmark: _Toc504861951][bookmark: _Toc147603025]
[bookmark: _Toc512827324]		1.5.3. Micro Wave Assisted Digestion

MW- assisted sample preparation by using HNO3 or a combination of HCl or H2SO4 in the presence or absence of H2O2 in order to destroy organic matters. The advantage of MW is in the interaction of MW radiation with samples and gives in fast heating of reaction mixtures. The advantage of MW over dry or wet procedures is: Smaller reaction time, decreased contamination, and loss of volatile elements [23].
[bookmark: _Toc504692872][bookmark: _Toc504861952][bookmark: _Toc147603026][bookmark: _Toc512827325]1.6. Objectives
[bookmark: _Toc504692873][bookmark: _Toc504861953][bookmark: _Toc147603027][bookmark: _Toc512827326]		1.6.1. General Objectives

 The main target of this research is
1. To determine the levels of chromium and lead in Batu tannery effluents by using FAAS.
2. To determine the levels of chromium and lead in Sebeta river.
[bookmark: _Toc504692874][bookmark: _Toc504861954][bookmark: _Toc147603028][bookmark: _Toc512827327]		1.6.2. Specific Objectives

1. To compare the amount of chromium and lead in Batu tannery and Sebeta river 
2. To assess the levels of chromium and lead in Batu tannery.
3. To assess the levels of chromium and lead in Sebeta river.
4. To evaluate the environmental impact and effects of lead and chromium metals.
	



[bookmark: _Toc504692875][bookmark: _Toc504861955]


[bookmark: _Toc147603029][bookmark: _Toc512827328]2. Literature Review

[bookmark: _Toc512827329][bookmark: _Toc504692876][bookmark: _Toc504861956][bookmark: _Toc147603030]2.1. Effects of Heavy Metals on Human Health

The toxic nature of metal ions to mammalians system is due to chemical reactivity of the ions with cellular structural proteins, enzymes and membrane system. Food is a principal source of essential and toxic elements. Certain metals such as Cr and Ni have been linked to cancers in exposed human pollutions. Some elements like Hg are biologically magnified at higher level [24].
Table 1: The Use and Health Effects of Some Heavy Metals on Human being
	Heavy metal
	Uses


	Health effects
	Reference


	Cd
	Electroplating, fertilizers, mineral processing and battery manufacturing


	Cancer, lung insufficiency, disturbances in liver and kidney damage
	

[25]


	Cr


	Metal plating, electro plating leather, mining, galvanometry, dye production

	Ulcer, skin irritation, liver and kidney damage
	
[26]

	Pb
	Metal plating, textile, battery manufactures, automotive and petroleum industries

	Spontaneous absorption, damage nervous system, kidney and brain damage
	
[27]

	
Hg
	Metallurgy industries, chemical manufacturing and metal finishing
	Memory problems, increased heart rate, kidney and brain damage

	
[28]



[bookmark: _Toc512827330]2.2. Occurrence of Chromium in the Environment

The main ore of chromium is chromites FeCr2O4 which is available in southern Africa. Chromium is also found in small amounts in crocoites PbCrO4 and chromium (III) oxide Cr2O3 [29].
Chromium is found in the environment under various chemically, physically and morphologically different forms. Surface water contains very small amount of chromium except the waste water that coming from tanning industries. Industries dealing with pigments, dyes, textile, and leather are important sources of discharge of chromium in the environment especially in the water bodies.
Chromium is found in the environment mainly in two oxidation states namely trivalent and hexavalent. The hexavalent chromium especially can be found in the earth’s crust, although, it is mainly emitted to the environment due to anthropogenic activities. The concentration of chromium increases due to industrial development [29].
[bookmark: _Toc147603031]














Table 2: Some Chromium (VI) Containing Compounds and Their Uses [ 29]
	
Chemical name and formula

	
Synonyms
	
Uses

	Chromium trioxide
Cr2O3
	Chromic acid, chromic oxide, chromium (VI) oxide
	Chrome plating, aluminum anodizing and chemical intermediate for  wood preservatives

	Lead chromate 
PbCrO4

	Lead chromium oxide, plumpous oxide
	Pigment, industrial paints, rubber, plastics

	Sodium dichromate
Na2Cr2O7
	Disodium salt, chromium sodium oxide.
	Oxidizing agent in manufacture of dyes and other synthetic organic chemicals


[bookmark: _Toc504692877][bookmark: _Toc504861957][bookmark: _Toc147603032]
[bookmark: _Toc512827331]2.2.1. Source of Chromium

Chromium exhibits a complex chemistry and occurs in different forms in surface water and ground water.
The main sources of hexavalent chromium in the atmosphere are chromates which are used as rust inhibitors in cooling towers. Chromium is a natural existing metal that is present in water, rocks, soils, plants, animals and volcanic emissions under different physical, chemical and morphological forms and can be found in the form of three physical states [30]. 
Hexavalent chromium in air eventually reacts with dust particles or other pollutants to form trivalent chromium. However, the exact nature of such atmospheric reactions has not been studied extensively. The atmospheric half-life for the physical removal mechanism is depends on the particle size and particle density. Chromate particles of small aerodynamic diameter (<10 µm) will air borne for a long period. Hexavalent chromium is a strong oxidizing agent and reacts with organic matter or other reducing agents to form trivalent chromium. The trivalent chromium will precipitate as Cr2O3·xH2O.  
Therefore; in surface water, hexavalent chromium will exhibit a much shorter life time. Chromium is obtained from anthropogenic source is commonly released as chromium bearing liquid as well as solid wastes like chromate by products, Ferro chromium slag such wastes can contain combination of trivalent and hexavalent chromium with different solubility [31].
[bookmark: _Toc504692878][bookmark: _Toc504861958][bookmark: _Toc147603033][bookmark: _Toc512827332]2.2. 2. Importance of Chromium

Chromium is a kind of heavy metal that is used commonly in various industries like textile, tanneries, steel production and refractory “Production and uses of chromium”, chromium is considered to be an essential element, both in animal feeding and human nutrition [32].
Chromium compounds are used in non ferrous  allow metal fabrication to increase the quality of alloys especially in leather industries for tanning process in order to obtain good quality of leather and also in the manufacture of green varnish and paints [33].
[bookmark: _Toc504692879][bookmark: _Toc504861959][bookmark: _Toc147603034]Both trivalent and hexavalent chromium are important nutrient to our body system that needs to process certain proteins, sugars and fats. Both Cr (III) and Cr (VI) are important in industrial process 
Chromium (III) has an importance for adjustment of the amount of glucose, lipid and protein metabolism in mammals whereas chromium (VI) has toxic effect on human beings. Long term exposure to high levels of hexavalent chromium is linked to lung cancer [34].
[bookmark: _Toc512827333]2.2. 3. Toxicity and Health Effects of Chromium

Due to the toxic nature of heavy metals, our environment becomes unsafe for life. Even if the quantity of heavy metals such as Pb, Cr, Hg and Cd are small, they are toxic. If soil and water are affected by chromium metal it becomes one of significant environmental hazards today.
The respiratory tract is affected by chromium (VI) for acute (short term) health effects like irritation, respiratory, nose bleeds, asthma and skin burns. Chronic (long-term) like carcinogenic to humans [37, 38].
According to WHO, toxic metals should be eliminated from food, water sources in order to keep our health with safety. Aquatic animals may be contaminated with toxic metals that are released from industrial wastes.
[bookmark: _Toc504692880][bookmark: _Toc504861960][bookmark: _Toc147603035][bookmark: _Toc512827334]2.3. Occurrence of Lead

Lead can be obtained from sulphide mineral galena, carbonate cerussite and sulphate anglesite. Mostly, the ores of lead are found in combination with other metals like Zn, Cd, and Cu.
[bookmark: _Toc504692881][bookmark: _Toc504861961][bookmark: _Toc147603036]Most lead is bio-accumulated by aquatic organisms. The occurrence of lead in the environment is mainly as a result of human activitie like production of lead acid batteries and lead glass manufacture [39].
[bookmark: _Toc512827335]2.3.1. Source of Lead

Naturally, lead is found in small amounts in the earth’s crust mainly as sulphide. Small amount of lead in the environment is exposed due to multiple sources such as industrial process water pipes. Lead is also present in small amounts in different rock forming minerals and deep in the ground [40].
Mostly lead compounds are obtained from volcanic eruption and weathering of rocks. Lead affects the environment negatively due to its toxicity and can be stored and accumulated in our bodies.  Lead ion can enter and distribute to water bodies that affect the human health as well as aquatic animals [41].
[bookmark: _Toc504692882][bookmark: _Toc504861962][bookmark: _Toc147603037][bookmark: _Toc512827336]2.3.2. Use of Lead

 Due to its softness, lead is important in the production of lead acid batteries, alloys, rust inhibitors and plastic stabilizers. Tetraethyl and tetra methyl lead are important because of their extensive use as anti-knock compounds in petrol. 
From a drinking water perspective, the almost universal use of lead compounds in plumbing, fittings as solder in water distributions system is important. The extensive use of lead is largely due to its low melting point and excellent corrosion resistance in the environment [42].
[bookmark: _Toc147603038][bookmark: _Toc512827337][bookmark: _Toc504692883][bookmark: _Toc504861963]When lead is exposed to air and water, films of lead sulphate, lead oxides and lead carbonates are formed; these films act as a protective barrier that slows corrosion of the underlying metal.


[bookmark: _Toc147603039][bookmark: _Toc512827338]2.3.3. Health Effects of Lead

Lead metal can be grouped under toxic heavy metals that are distributed in the city environment due to its extensive use as anti knock additive in gasoline in the past. So, water, soil and air contribute to the total intake of lead. Human body’s systems are affected by lead in different ways. These exposures shall occur due to inhalation of ambient lead in air [43].
Young children are mostly exposed to lead in house dust because they have more contact with wide areas, carpets and other conditions in which dust is found. Lead is also found in drinking water and affects children in the US, especially from corrosion of water pipes [44, 45, 46].
The presence of lead in the body system can affect the kidney, brain, red blood cells, and mostly infants, pregnant women; children are especially affects by lead. The harmful nature of lead can be slight and may occur without any obvious symptoms of lead affecting [47].
[bookmark: _Toc504692884][bookmark: _Toc504861964][bookmark: _Toc147603040][bookmark: _Toc512827339]2.4. Prevention of Heavy Metal Poisoning

Mostly, hexavalent chromium in air can react with dust particles and other pollutants to form the less toxic Cr (III). Both trivalent and hexavalent chromium ions can be removed from air by atmospheric fall out and precipitation.
The management for lead poisoning includes its removal from the source and maintains the nutritional health. It could be managed with the treatment of Fe, Cu, and Zn deficiencies that are associated with increased lead abstraction. 
The first prevention method is elimination of lead hazards before children are affected. The method should reduce children’s blood lead below 10 µg/dl levels [48]. 





The reduction of BLLs is primarily concern because of control lead exposure. The following measures may be used to decrease the exposure of children to lead:
- Reducing the use of lead in food containers.
- Reducing the use of lead based paints.
- Awareness of exposure to lead.
- Generally prevent child hood lead exposure by removing the health hazards that are lead base paint and keeping homes lead safe. Also protecting previously affected children from further exposure [49, 50,].
[bookmark: _Toc504692885][bookmark: _Toc504861965][bookmark: _Toc147603041][bookmark: _Toc512827340]2.5. Environmental Policy of Ethiopia

The environmental policy of Ethiopia was approved in 1997. Environmental policy is the most important document that captured environmental sustainable development. The goal of the environmental policy of Ethiopia is to improve and enhance the health and quality of life and to promote sustainable social and economic development based on good management to meet the needs of the present generation without compromising the ability of future generations to meet their own needs. 
In order to implement environmental policy of Ethiopia, the policy encourages developing an organizational and institutional frame work from federal to community levels. Environmental policy of Ethiopia considers impacts on human and natural environments, provides for early consideration of environmental impacts in projects and programs design [51, 52].




[bookmark: _Toc504692886][bookmark: _Toc504861966][bookmark: _Toc147603042][bookmark: _Toc512827341]3. Experimental
[bookmark: _Toc504686982][bookmark: _Toc504692887][bookmark: _Toc504861967][bookmark: _Toc147603043][bookmark: _Toc512827342]3.1. Materials and Methods
[bookmark: _Toc504692888][bookmark: _Toc504861968][bookmark: _Toc147603044][bookmark: _Toc512827343]3.1.1. Study Design and Description of the Study Area

The study was carried out to determine the levels of chromium and lead in tanning industries, especially in Batu tannery which is found in Kality town and located 25 Km south of Addis Ababa, the capital city of Ethiopia. The selection of this tannery was based on accessibility of the sampling site, opportunity of the samples and condition of the study. The plant is located near the little Akaki River and discharges its effluents directly to the river course. The tannery effluents were collected at the effluents drainage canal. The sampling sites were selected to investigate the environmental problem on the Akaki River. In this study, purposive sampling technique was selected to collect tannery effluents and control water from Sebeta River by using polyethylene bottles. Purposive sampling technique was chosen due to the availability of samples in this tannery. After observing the discharge of the effluent colours, tannery effluents were collected from three sites. The sites were represented as BT1, BT2 and BT3 for tannery effluents and the control water samples from Sebeta River were represented as SC1, SC2 and SC3.  
[bookmark: _Toc512827344][bookmark: _Toc504692889][bookmark: _Toc504861969][bookmark: _Toc147603045]3.1.2. Apparatus

The pH of water samples were measured by pH SensION MM150 meter, HACH made in Switzerland and during the field observation, and temperature was measured using a mercury thermometer.
Atomic absorption spectroscopy measurements were performed using FAAS. Hot plate was used to digest samples for trace metal analysis ( Analytikjena  model ZEEnit 700P made in Germany), measuring cylinders(50 mL, 100 mL),  different beakers (100 mL, 250 mL), pipettes (10 mL, 2 mL), watch glass, funnel,  volumetric flasks (100 mL), micro pipettes (200 µL and 1000-5000 µL)  and Whatman no 42 filter paper were used.



[bookmark: _Toc512827345]3.1.3. Chemicals

All chemicals such as conc. HNO3 and standard working solutions that contain Cr and Pb were based on Certified Reference Material and were of analytical grade. Intermediate as well as working solutions were prepared from standard stock solution (1000 ppm) by using deionizer water.
[bookmark: _Toc504692890][bookmark: _Toc504861970][bookmark: _Toc147603046][bookmark: _Toc512827346]3.1.3.1. Chromium Stock Solution and Working Solution

Working standards and intermediate standards were prepared from the stock solution (1000 ppm) by serial dilution solution from which contains chromium metal. Standard working solution of chromium was 0.5, 1, 1.5, and 2 ppm which were used to construct a calibration graph for chromium.
[bookmark: _Toc504692891][bookmark: _Toc504861971][bookmark: _Toc147603047][bookmark: _Toc512827347]3.1.3.2. Lead Stock Solution and Working Solution

Working standards and intermediate standards were prepared from the stock solution (1000 ppm) by serial dilution solution from which contains lead metal. Standard working solution of lead was 0.4, 0.8, 1.2, and 1.6 ppm which were used to construct a calibration graph for lead. 


[bookmark: _Toc147603048][bookmark: _Toc512827348]Table 3: Concentration of Standards for Metal Analysis

	
Sample 
	
Intermediate standard (mg/L)
	
Working standards (mg/L)

	
Cr
	
10
	
0.5, 1, 1.5, 2

	
Pb
	
10
	
0.4, 0.8, 1.2, 1.6




[bookmark: _Toc147603049]


[bookmark: _Toc512827349]Table 4: AAS Operating Conditions

	Metals

	Wavelength in nm
	Current in mA
	Slit width in nm
	Energy in eV
	PMT
	IDL
	Flame type

	
Cr
	
357.9
	
4
	
0.2
	
72.2
	
339
	
0.05
	
Acetylene

	
Pb
	
283.3
	
2
	
1.2
	
74.9
	
262
	
0.03
	
Acetylene



[bookmark: _Toc504692892][bookmark: _Toc504861972][bookmark: _Toc147603050][bookmark: _Toc512827350]3.2. Sampling and Sample Treatment
[bookmark: _Toc504692893][bookmark: _Toc504861973][bookmark: _Toc147603051][bookmark: _Toc512827351]3.2.1 Sample Collection and Preparation

Tannery effluents from Batu tannery and river water from Sebeta River as control were collected.  The three samples from Batu tannery were collected based on three conditions regarding the discharge time of the industry.
BT1- As soon as discharging (dark color).
BT2- After two hours of discharging flow.
BT3- After four hours of discharging flow.
The samples were collected by using polyethylene bottles based on the above conditions and samples from Sebeta River were collected from different sites. The sites were:  upper surface, middle part and bottom part. Finally the tannery effluents and sebeta water were brought to the Analytical chemistry laboratory in Addis Ababa University and then homogenized and finally preserved with 2 ml conc. HNO3 and put in a refrigerator until digestion.
[bookmark: _Toc504692894][bookmark: _Toc504861974][bookmark: _Toc147603052][bookmark: _Toc512827352]3.2.2. Determination of pH and Temperature Measurements

The pH affects the quality of water directly as a result there are different standard guidelines set for optimum quality water for irrigation, domestic and for other purposes.
The pH of the tannery effluents as well as Sebeta water was measured by pH SensION MM150 meter by shaking the samples and temperature was measured using a mercury thermometer.
[bookmark: _Toc504692895][bookmark: _Toc504861975][bookmark: _Toc147603053][bookmark: _Toc512827353]3.2.3. Sample Digestion Procedures

100 ml of the samples were transferred into a 200 mL beaker and 5 ml conc.HNO3 (69.5-72 %) was added. The beaker with the content was placed on a hot plate and evaporated down to about 20 mL. The beaker was cooled and another 5 mL conc. HNO3was added. The beaker was covered with a watch glass and returned to the hot plate.
The heating was continued and then small amount of conc.HNO3 was added until the solution appeared light colored and clear for a total of two hours at 240.
The beaker and watch glass were washed with distilled water and the sample was filtered to remove some insoluble materials that could clog the atomizer. The volume was adjusted to 100 ml with deionized water. To make ready for AAS analysis [53].
[bookmark: _Toc504692896][bookmark: _Toc504861976][bookmark: _Toc147603054][bookmark: _Toc512827354]3.2.4. Method Validation

The efficiency of the optimized procedure was confirmed by adding known conc. of chromium metal to 100 ml tannery wastes. The process of spiking was done as follows: From100 ppm Cr (2.7 ppm) was taken and spiked into 100 ml tannery effluents.
Then the spiked sample was digested and diluted in a similar way used for the water sample.  Sample from Batu tannery was determined for its spiked metal by AAS. For the triplicate sample, spiked sample was prepared and triplicate reading was recorded [54].
Based on the obtained result from the spiked concentration by using AAS instrument %R can be calculated by using the following formula [55].

             ------------------------------------- (3)          
Where:        S-    Spiked amount (mg/L)
                  [image: ]  -  Un-spiked sample (mg/L)
                   K -   Amount added (mg/L)
[bookmark: _Toc504692897][bookmark: _Toc504861977][bookmark: _Toc147603055][bookmark: _Toc512827355]3.2.5. Method Detection Limit

According to EPA of America, MDL is the minimum concentration of a substance that can be measured and reported with 99% confidence that the analytical conc. >0. MDL is the concentration that gives a signal 3*SD of the blank or back ground signal [56]. In this study three blank solutions were digested and triplicate readings were obtained for each sample.















[bookmark: _Toc504692898][bookmark: _Toc504861978][bookmark: _Toc147603056]



[bookmark: _Toc512827356]4. Results and Discussion
[bookmark: _Toc504692899][bookmark: _Toc504861979][bookmark: _Toc147603057][bookmark: _Toc512827357]4.1. pH Characterization of Tannery Effluents and Sebeta River and their Temperature

[bookmark: _Toc147603058]pH was one of the factors in the sample analysis. So, the pH of the effluent as well as Sebeta water was observed. 
Table5: pH and Temperature Measurement of Samples	
	Sampling sites
	pH

	To  (

	
Batu tannery
	
6.25
	
20.5

	
Sebeta water
	
6.75
	
21



The above table shows the value of the pH was within the most industrial effluent range discharges (6.5-9) according to WHO and FEPA 2003.
[bookmark: _Toc504688418][bookmark: _Toc504692900][bookmark: _Toc504861980][bookmark: _Toc147603059][bookmark: _Toc512827358]4.2. Instrument Calibration

The prepared standard solutions were fed to the FAA Spectrophotometer. The sample solutions were injected into AAS instrument and the concentration of Cr and Pb were recorded for each sample determined based on triplicates. At the same time the blanks were prepared in the same manner as samples.
The results which were obtained for heavy metal analysis by using AAS are affected by the digestion method as well as standard solution preparation. The calibration of AAS instrument was carried out by using four series of working standard solution. 
[bookmark: _Toc147603060]The concentration of working standard solutions and the obtained correlation coefficient of the calibration graph for each metal are shown in the following table.
Table 6: Absorbance Results Obtained for Working Standard Solutions Using FAAS

	No
	Metal
	Working standard solution(mg/L)
	Absorbance
	R
	Slope
	Equation of the calibration curves

	
1

	
Cr
	
0.5, 1, 1.5, 2
	
0.00574,0.01324,0.02078, 0.02834


	
0.9904
	
0.01409
	
Y=0.014X-0.0003

	
2

	
Pb
	
0.4, 0.8, 1.2, 1.6

	
0.00178,0.00285,0.00407,0.00540


	
0.9974
	
0.00307
	

Y=0.003X+0.0004



The calibration graph of Cr and Pb, are shown in the following figures:










[bookmark: _Toc147603061][bookmark: _Toc512827359]Figure 3:Calibration Graph of Chromium Standard Solution
	


[bookmark: _Toc147603062][bookmark: _Toc512827360]Figure 4: Calibration Graph of Lead Standard Solution

The calibration curve gave a good correlation coefficient hence the selected method is acceptable.
[bookmark: _Toc504692901][bookmark: _Toc504861981][bookmark: _Toc147603063][bookmark: _Toc512827361]4.3. Determination of Heavy Metals by AAS

In this research the total concentration of heavy metals found in Batu tannery and Sebeta River were determined by FAAS. The results are given in the following table as mean concentrations of triplicate measurements. The result obtained from AAS instrument shows that the sample contains 13.5 mg/L chromium. Dilution was carried out in order to obtain in the calibration range. This is due to the maximum concentration of standard solution was 2 ppm. Hence, the concentration of chromium was diluted 10 times (1.35 mg/L) to be in the calibration range. 




[bookmark: _Toc147603064][bookmark: _Toc512827362]Table 7: Concentration of Cr and Pb Obtained (Mean ± SD)
	
	Metal
	Sampling area
	Mean conc.
	%RSD

	
Cr
	
Batu tannery
	
13.5 ± 0.0703
	
0.52

	
	
Sebeta River
	
BDL
	-

	
Pb
	Batu tannery

	
BDL
	-

	
	
Sebeta River
	
BDL
	-



Based on the above results, Cr was found in Batu tannery but Pb was not found. This indicates that the concentration of Cr was higher in this tannery. In Sebeta River, both heavy metals were not found because they were below detection limit.
[bookmark: _Toc504692902][bookmark: _Toc504861982][bookmark: _Toc147603065][bookmark: _Toc512827363]4.4. Precision of Results

Checking the precision of results (repeatability of results) in the sample is a necessary task. The agreement between the results obtained was determined by considering standard deviation. During sample measurement for triplicate as well as spiked measurement in FAAS, the results are close to each other. 
The %RSD which is represented as a percentage of the mean (%RSD =0.52) in the above table. The values of %RSD are less than 10% for mean concentration of Cr. This shows that the precision of the results obtained by this system was good [57].
[bookmark: _Toc504692903][bookmark: _Toc504861983][bookmark: _Toc147603066][bookmark: _Toc512827364]4.4.1. Validation of the Procedures

The validity of the procedure was checked using the digestion of the spiked samples. The % R of chromium after spiking the sample was 99.1% in the tannery effluents. The result shows within the acceptable range. The result %R (99.1%) was obtained for Cr in the sample checked that the optimized procedure has good accuracy [56].
The result is given in the following table:
[bookmark: _Toc147603067][bookmark: _Toc512827365]Table 8: % Recovery after Spiking the Metal (mg/L)

	Metal
	Un-spiked
sample(Mean ± SD)

	 Amount added
(Mean ± SD)
	Spiked amount
 (Mean ± SD)
	%R ± SD

	
Cr

	
1.396 ± 0.028
	
2.7
	
4.07  ± 0.119
	
99.1 ± 5.33



[bookmark: _Toc504692904][bookmark: _Toc504861984][bookmark: _Toc147603068][bookmark: _Toc512827366]4.4.2. Determination of MDL

A blank solution was used for the determination of MDL. MDL for tannery effluents as well as Sebeta river samples were determined using reagent blank. The blank was digested in the same condition as tannery effluents and Sebeta water. Method detection limit was calculated as three times the standard deviation of the blank solution.
The MDL and IDL for each metal were summarized in the following table:

[bookmark: _Toc147603069][bookmark: _Toc512827367]Table 9: Values of MDL and IDL

	
Metal
	
IDL
	
MDL

	
Cr
	
0.05
	
0.06

	
Pb
	
0.03
	
0.18


[bookmark: _Toc504692905][bookmark: _Toc504861985]
[bookmark: _Toc147603070]



[bookmark: _Toc512827368]4.5. Comparisons of the Results with Permitted Limit of Heavy Metals

The average concentration of chromium at the Batu tannery  was higher than the standard limits for tannery effluents to be released to water system permitted by WHO and FEPA 2003 (Cr=0.05 mg/L) [58,59].
The average concentration of chromium was higher by 270 times than the standard value of WHO.
The presence of large amount of Cr is due to most tanneries used chromium salts during tanning process. However, Pb was not determined in tannery effluents. Both metals were not found in Sebeta River.  Therefore, no considerable amount of lead was observed at all sampling sites.
Table 10: Results of the Present Study against Permitted Levels of Cr (ppm) in Different Guidelines
	Country/ Institution
	Cr (ppm)
	Reference

	Ethiopia
	2
	FEPA, 2005                [60]

	Itally
	2
	
                 Jakov, 2005                 [61]

	India
	2
	

	France
	1.5
	

	Batu Tannery
	13.5
	                   This study



According to different countries, the maximum permitted level of chromium in tannery effluents that are discharged into water bodies were listed in the above table. The comparison of the level of chromium obtained in the Batu tannery effluents with the maximum permitted levels by guidelines is important to evaluate the Batu tannery effect on the environment. The mean concentration of Cr in Batu tannery was greater than the guidelines.


Table 11: Heavy Metal Concentration (ppm), Compared with Some Standard Guideline Values of Drinking Water [62].
	Guidelines
	Cr

	Pb

	Standard Organization of Nigeria (2007)
	0.05
	0.01

	WHO (2003)
	0.05

	0.01

	EPA (2002)
	0.05

	0.05

	Current study
	13.5

	BDL



The concentration values of the heavy metals (Cr and Pb) compared with standard guideline values for drinking water is shown in the above table. The obtained result in this study indicates that Cr was much greater than recommended values by standard organization of Nigeria (2007), World Health Organization (2003) and Environmental Protection Agency (2002).
The obtained mean concentration of Cr 13.5 ± 0.0703 mg/L is greater than the value (3.013 ± 0.6 mg/L) reported by Alkan, J.C. et al., (2007) [63]. But it is smaller than the value (392.6 ± 1.4 mg/L) at Haik tannery and (325 ± 0.26 mg/L) at Debre Berhan tannery   reported by Teame Hadgu and Maereg Amare (2016) [64].
Previous study conducted by Tilahun Belayneh Asfaw et al., (2017) [65] mean concentrations (214.26 ± 3.63 mg/L) are almost 15 times greater than obtained for Cr in this study.
[bookmark: _Toc504692906][bookmark: _Toc504861986][bookmark: _Toc147603071]The concentration of heavy metals normally varies from source to the other source. Directly or indirectly release of industrial effluents can lead to high levels of toxic heavy metals in the water bodies.

[bookmark: _Toc512827369]


4.6. The Potential Pollution Effects of the Batu Tannery

Determination of the amounts of heavy metals in tannery effluents around the area of the tannery industries was performed to assess the influence of the tannery waste water on the surrounding environment. The presence of heavy metals in the water body affects human health. For example, the presence of chromium in our body causes gastrointestinal effects in humans and animals, irritation, respiratory tract, asthma and cancer. Lead also affects red blood cells, nervous system, kidney and respiratory tract [65].
The Cr (III) species is the most dominant one and also is the most expected species in tanning process, an increase in the hexavalent form can occur as a result of oxidation–reduction reaction occurring in the sludge due to other sources likes organic and inorganic compounds for instance, in water by manganese oxide and in soils by mobile ligands such as citric acid [66].
The waste water which was released from Batu tannery is mixed with little Akaki river. The little Akaki river is used for irrigation system by the people who live near this river. So that it was necessary to know the level of heavy metals in the tannery effluents in order to recommend on its negative impact in the human health.





[bookmark: _Toc504692907][bookmark: _Toc504861987][bookmark: _Toc147603072]

[bookmark: _Toc512827370][bookmark: _Toc147603073][bookmark: _Toc512827371][bookmark: _Toc504692908][bookmark: _Toc504861988]5. Conclusions and Recommendations

From the study conducted at Batu tannery and Sebeta River on determination of the levels of Cr and Pb the following conclusions were drawn:
The mean concentration of heavy metal (Cr) found in Batu tannery was 13.5 mg/L and the levels of Cr was above the maximum permissible levels set by WHO and FEPA where as Pb was below detection limit.
Batu tannery discharges large amounts of Cr into water bodies this indicates that it uses large amounts of chromium salts during tanning process.
The ground water becomes polluted by heavy metals so the presence of toxic heavy metals in the water bodies affects the life of aquatic animals and those people who live near this site hence important measure should be taken by the concerned bodies.
Based on the obtained results, the levels of Cr determined in Batu tannery effluents is high. So the following recommendations are mentioned:
The presence of heavy metal (Cr) in Batu tannery is only surveyed by this study requires further investigation. The presence of heavy metal (Cr) in the water bodies affects vegetables indirectly. So in order to know the effects of Cr on different vegetables further study will be necessary.
Monitoring industrial processes in Addis Ababa for waste water treatment before releasing to the environment is mandatory hence awareness should be given to the concerned bodies how they treat waste water.
The discharge of tannery effluents from Batu tannery affects the water bodies and the surrounding grown vegetables.  So, it is suggested that the treatment of tannery effluents before discharge is vital not only to our environment but also to our health.
[bookmark: _Toc504692909][bookmark: _Toc504861989][bookmark: _Toc147603074][bookmark: _Toc512827372]Besides, further study on the impact of tannery effluents on the river and in the surrounding growing vegetables is important to evaluate the effect of tannery effluents in the environment.
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