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ABSTRACT
The principal objective of this research was synthesizing silver nanoparticles for the purpose of augmenting the sensitivity and conductivity of carbon paste electrode for detecting and determining heavy metal analytes namely cadmium (II) and lead (II at extremely low level. The level of cadmium (II) and lead (II) ions in the effluent of Bahir Dar Textile Factory which is discharged to the nearby receiving water bodies were determined simultaneously using the synthesized silver nanoparticles modified carbon paste electrode. While cyclic voltammetry was used to investigate the electrochemical behavior of the metal ions at the unmodified and modified working electrodes, anodic stripping square wave voltammetry was employed for quantification of the studied metals at their trace level. Under optimized solution and method parameters, the square wave voltammetric current showed linear dependence on the concentration of both cadmium  and lead from 50-400μA in the  range of 5 -160 ppm and , with determination coefficients (r) of 0.9976  and 0.99960 for Cd (II) and Pb (II) respectively. The experimental result of this research showed wide linear range unlike other researches that were reported using DPVand SWV. It has shown low detection limit as well for both cadmium (II) and lead (II). The detection limit for cadmium (II ) was 0.0891ppm and that of lead (II) was 0.048.   In determining cadmium (II) and lead (II) simultaneously, the presence of cadmium (II) didn’t tamper with the determination of lead (II)and  the other way round. The result of the recovery test indicated that the method that was applied was valid because the recovery results have fallen within the acceptable range. The validity of the method was also signified by the correlation coefficient as it has been mentioned above.  The percent of recovery of cadmium (II) and lead (II) was 90% and 114% respectively.
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[bookmark: _Toc12104859][bookmark: _Toc13634962]INTRODUCTION
[bookmark: _Toc532380645][bookmark: _Toc532301988][bookmark: _Toc530577404][bookmark: _Toc530574532][bookmark: _Toc530510070][bookmark: _Toc530362975][bookmark: _Toc529968232][bookmark: _Toc529950908][bookmark: _Toc12104860][bookmark: _Toc13634963]Background of the study
Heavy metals are usually present in trace amount naturally in water but many of them are toxic even at very low concentration. Metals such as arsenic, lead, cadmium, nickel, mercury, chromium, cobalt, zinc and selenium are highly toxic even in minor quantity. Increasing quantity of heavy metals in our resources is currently an area of greater concern especially since a large number of industries are discharging their metal containing effluents in to fresh water without any adequate treatment. Heavy metals become toxic when they are not metabolized by the body and accumulate in the soft tissues [1]. 
Environmental pollution is unwanted change in physical, chemical and biological characteristics of air, water and soil which is harmful for both animals and plants. Pollution can take the form of chemical substances or energy, such as noise, heat or light. Pollutants, the elements of pollution, can be either foreign substances/energies or naturally occurring contaminants Toxic heavy metals that are identified in the effluent of textile factory include As, Cr, Cu, Hg, and Pb are poisonous for human and aquatic life. Toxic heavy metals that are identified in the effluent of textile factory include As, Cr, Cu, Hg, and Pb are poisonous for human and aquatic life [2].
 In spite of the presence of substitutes for lead and cadmium compounds in paints, manufacturers continue to produce paints with high amount of these metals. As the population continues to grow and there is a continued shift from oil-based to water-based paints, the sales and use of these paints will increase the exposure of human beings and the environment to these metals [3]. As per the standard that has been set by US EPA( 2003), the maximum permissible limit of Co, Cr, Pb, Cd, Zn, Fe, As and Hg in textile effluent before it is discharged to the environment is 1000, 1000, 500, 1000, 5000, 1000, 250, and 1.0 ppb, respectively [4].
 As per the materials and publications that have already been reported, Cd (II) & Pb (II) containing compounds are used in textile factories as ingredient of paint. Lead, a ubiquitous and versatile metal, has been used since prehistoric times. It has become widely distributed and mobilized in the environment and human exposure to and uptake of this non-essential element has increased consequently. There is damage to almost all organs and organ systems when human beings are exposed to higher concentration of lead.  Most importantly the central nervous system, kidneys and blood are extremely vulnerable, culminating in death at excessive levels. At low levels, haeme synthesis and other biochemical processes are affected, psychological and neurobehavioural.  Lead is the most abundant of the heavy metals in the Earth’s crust. It has been used since prehistoric times, and has become widely distributed and mobilized in the environment. At high levels of human exposure there is damage to almost all organs and organ systems, most importantly the central nervous system, kidneys and blood, culminating in death at excessive levels. Lead poisoning was common in Roman times because of the use of lead in water pipes and earthenware containers, and in wine storage. Case-control studies on mental retardation and hyperactivity in relation to environmental lead exposure showed that children who survived acute lead intoxication were often left with severe deficits in neurobehavioural function [5]. 
It was subsequently recognized that long- term sequelae were not limited to people affected by excessive exposure but also occurred in children who experienced relatively low-level exposure. Lead levels in human skeletal remains indicate that the body lead burden of today’s populations is 500–1000 times greater than that of their pre-industrial counterpart. Debate continues over the nature, magnitude and persistence of the adverse effects on human health of low-level exposure to environmental lead. However, the accumulated epidemiological evidence indicates that such exposure in early childhood causes a discernible deficit in cognitive development during the immediately ensuing childhood years. Neuropsychological manifestations will be disappeared or declined if the ingestion of lead was stopped or reduced. Recent data, however, show that such effects are largely irreversible [5]. 
Acute and chronic exposure to cadmium gives rise to health complications for both human beings and animals. As per EPA (1996) cancer guideline, cadmium has been categorized as potential carcinogen. Cadmium can enter our body by smoking, inhaling air, through food or drink [9]. About 200,000 sorts of chemicals are being produced every year across the globe and the toxicity of the majority of these chemicals is not known. The interaction of chemicals and human beings takes place through air, food and drink. Despite the discharge of large amount of cadmium to the environment every year, about 25,000 ton a year. About half of this cadmium is discharged in to rivers through weathering of rocks and the remaining cadmium is emitted in to air through forest fire and volcano. Industrial sources such as mining, refining of ores and the plating process have great contribution for the emission of cadmium in to the environment. Cadmium is toxic to the aquatic environment and non essential metal. Cadmium has various uses such as for the production of cadmium batteries, anti corrosive coating of metals, pigments and stabilizers for plastics [6]. 
As per US EPA (2003) the maximum permissible limit of cadmium in textile effluent is 1000 ppb [7]. Renal damage, osteoporosis and possibly renal cancer are health complications arising from oral exposure to cadmium. Chronic exposure even to very low amount of cadmium results in adverse renal and negative bone effects. Itai-itai disease was the combined effect of renal and bone effects. In Japanese ‘itai’ means ‘ouch’or painful in English. The agony results from uncommon changes in bone (osteoporosis). In May 1968, Ministry of Health of Japan described that the cause of itai itai disease was osteomalacia with simultaneous renal dysfunction from chronic cadmium poisoning and it was under the influence of the following factors: pregnancy, lactation, hormonal disorders, ageing, calcium deficiency and others [8].
Electrochemical methods have been chosen to analyse the level of toxic heavy metal cations and they are used to study the electrochemical behavior of these toxic heavy metals. Voltammetric techniques such as cyclic voltammetric techniques have been reported as flawless techniques in analyzing trace metals in real samples. Electrochemical processes are commonly used for analytical measurements. There are a variety of electrochemical methods with different degrees of utility for quantitative and qualitative analyses. The methods rely on one of the two different electrochemical phenomena. The first is that many chemical species have the ability to transfer electrons through oxidation-reduction process. i.e., they are electroactive. With appropriate design of an electrochemical system, this transfer of electrons can be measured as a current [8]. Despite the difference in instrumentation, all electrochemical techniques share several common features [9]. 

Since it is known that different species have different oxidation or reduction abilities, electrochemical measurements relying on electron transfer can often be used for the purpose of species identification. The second method of using electrochemical processes for measurement purposes relies on the measurement of a potential.  In particular, methods that depend on junction potential will be given special emphasis.  Acquaintance with electrochemical cells is coercionary to deal with junction potential. Such a device consists of electrodes and the design of electrodes creates interfaces or junctions (e.g., a metal electrode in contact with a solution represents a junction) [10]. 
Any junction in an electrochemical system will have a potential associated with it and in certain cases, the magnitude of this junction potential can be related to the concentration of a species in solution. For example, a pH electrode is the best known example of the use of a junction potential for determining the concentration of a species. The key feature of a pH electrode is a thin glass membrane. When placed into an aqueous solution, a junction potential occurs at the glass solution interface and the magnitude of this potential is determined by the concentration of H+ in solution [10]. 
Some analytical techniques such as AAS, ICP-OES,ICP-AES,ICP-MS and chromatography etc… are not specific to a particular oxidation state of the species under consideration rather they impart general information. They give total concentration of the different oxidation states of that analyte and they entail high cost of analysis, their instrumentation is intricate and they call for long analysis time. For instance, hexavalent chromium and trivalent chromium cannot be analyzed using AAS separately rather their total concentration will be determined. Moreover, they are costly. The cost of analysis per unit sample is very high. On the contrary, electrochemical methods are specific to a particular oxidation state of a species, their cost of analysis per unit sample is relatively cheap vis-à-vis spectroscopic technique and their detection limit is low vis-à-vis other advanced analytical techniques.
[bookmark: _Toc12104861]

[bookmark: _Toc13634964]Statement of the Problem
[bookmark: _Toc530362981][bookmark: _Toc530510076][bookmark: _Toc530574538][bookmark: _Toc530577410][bookmark: _Toc532301993][bookmark: _Toc532380650][bookmark: _Toc12104862]As it has been reported in several scientific journals and publications, toxic heavy metal containing effluents that are being discharged from industries to the environment without treatment or with inadequate treatment have extremely deleterious effect on human beings and animals. Nowadays, the number of industries is increasing. This increment of industries has its own negative impact on the environment if the effluents that are being released from them are not treated or inadequately treated. Most industries discharge their effluents to receiving water bodies without or with inadequate treatment for the sake of minimizing their cost. Cadmium (II) and lead (II) are the most common toxic heavy metals that are being eluted from textile factories. They are the major ingredient of paints in textile factories [11]. They are toxic at any level of concentration. Hence, determining their concentration at very low level is crucial. Electrochemical methods are the most convenient and preferable techniques to detect and determine these heavy metal cations at extremely low level.    
[bookmark: _Toc13634965]Objective of the Study
0. [bookmark: _Toc530362982][bookmark: _Toc530510077][bookmark: _Toc530574539][bookmark: _Toc530577411][bookmark: _Toc532301994][bookmark: _Toc532380651][bookmark: _Toc12104863][bookmark: _Toc13634966]General Objective 
To determine toxic heavy metal cations cadmium (II) and lead (II) in the influent and effluent of Bahir Dar Textile Factory using silver nanoparticles modified carbon paste electrode. 
[bookmark: _Toc529950915][bookmark: _Toc529968235][bookmark: _Toc530362983][bookmark: _Toc530510078][bookmark: _Toc530574540][bookmark: _Toc530577412][bookmark: _Toc532301995][bookmark: _Toc532380652][bookmark: _Toc12104864][bookmark: _Toc13634967]Specific Objective
· To synthesize and characterize AgNPs with UV, FTIR and XRD
· To modify carbon paste electrode with the prepared AgNPs
· To determine simultaneously the concentration of cadmium (II) and lead (II) in the influent and  effluent of Bahir Dar Textile  Factory
· To compare the concentration of Cd(II) and Pb(II) that is obtained experimentally with the allowed standard
· To evaluate the efficiency of the treatment plant of Bahir Dar Textile Factory
[bookmark: _Toc12104865][bookmark: _Toc13634968]Literature Review
[bookmark: _Toc12104866][bookmark: _Toc13634969]Nanoparticles 
The  term  “nano”  is  derived  from  the  Greek  word  “nanos”  for  “dwarf”.  This etymology and its placement on the metric scale shows that tiny dimensions not visible to naked eye, beyond the normal limits of our observation. The diameter of hair (100 µm) to the buck-minster fullerene (1 nm) shows the variation of diameter of a material. Nanoscale materials are defined as materials having at least one dimension in the 10–100 nm range, in which nanoparticles are the major investigated subjects. The term “nano-particle” (earlier termed as small particles) first appeared in the 1980s. The nanoscience deals with the materials having particle size in nanometer regime and their properties. The interdisciplinary nature with contributions from chemistry, physics, biology, material sciences, all the way to engineering and medicine is one of the most striking features of the nano sciences when  compared to many classical disciplines, and is important for the development of nano technological products [12]. 
The field of nanoscience is one of the most rapidly expanding areas of research across all disciplines. This is due largely to a wide range of applications for     nanoparticles, such as electronic devices, sensors and biomedical devices [13].
0. [bookmark: _Toc12104867][bookmark: _Toc13634970] Classification of Nanoparticles
There are various bases of classifying nanoparticles. Nanoparticles can be classified based on the following parameters.
· Based on origin: nanoparticles are classified in to natural and anthropogenic.
· Based on size: nanoparticles are classified in to from 1−10 nm,from 10−100 nm and above 100 nm
· Based on chemical composition: nanoparticles are classified in to organic substances, inorganic substances and nanoparticles of living kingdom [13] .
[bookmark: _Toc12104868][bookmark: _Toc13634971] Preparation of Nanoparticles
There are two ways by which nanoparticles can be synthesized as it is shown in figure 1. They are bottom up and top down approaches. In bottom-up approach or ‘self-assembly’ (assembling particles synthesized in solution) is a process universal in nature, atoms and molecules are assembled from molecular levels so as to have nanomaterials of desired size and shape by controlled reaction parameters. Wet chemical synthesis is the most energy efficient ‘bottom up’ technique for the synthesis.  In top down approach, the reverse is the case.  The conventional approach involves chemical or physical attrition from bulk into objects of desired sizes and shapes (e.g. lithography, mechanical milling, ion implantation, etc.), and is known as the ‘top-down’ approach [13].
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[bookmark: _Toc12024207][bookmark: _Toc12029163][bookmark: _Toc13577215][bookmark: _Toc13732532][bookmark: _Toc13732558]Figure 1: bottom up and top down preparation of nanoparticles	
[bookmark: _Toc12104869][bookmark: _Toc13634972]Applications of Nanoparticles
[bookmark: _Toc12104870][bookmark: _Toc12105461][bookmark: _Toc12184117][bookmark: _Toc12301999]As per the result of recently reported works, nanoparticles have applications in various fields including biology, medicine, energy, electronics, and chemical catalysis
[bookmark: _Toc12104871][bookmark: _Toc13634973]Application of silver Nanoparticles in Catalysis 
[bookmark: _Toc12104872][bookmark: _Toc12105463][bookmark: _Toc12184119][bookmark: _Toc12302001]Reported researches signify that silver nanoparticles based sensors have shown extremely sensitive amperometric response, low detection limit and wide linear range toward samples. Many researchers have found that the electro-catalytic performance of AgNPs based sensors depended strongly on the size and distribution. Hence, the major challenge is to develop effective methods for the preparation of AgNPs with well controlled size and distribution. AgNPs were used to modify glassy carbon electrode to detect H2O2 in biological samples by using gelatin as a cross linker. Hydrogen peroxide is a by-product of several selective oxidases and significant mediator in chemical, biological, food and environmental processes [14]. 
[bookmark: _Toc12104873][bookmark: _Toc13634974]UV-Visible Spectroscopy and Its Working Principle
The principle of UV-Visible spectroscopy is the absorption of UV-Visible radiation by the substance or the interaction of light with a substance. In UV-Vis spectroscopy, Beer Lambert’s law is applied. As per Beer Lambert’s law, absorbance is directly proportional to concentration of a substance and path lelgth of the cuvette.  A= Cl where A= absorbance,= absorpitivity constant, C=concentration of a substance and l= length of the cuvette. UV-Vis radiation is strong enough to promote an electron from ground state to excited state [15].
 The wave length of UV-Visible radiation ranges between 10 nm and 400 nm. When an electron absorbs UV light whose energy is equal to the energy gap between HOMO and LUMO, then it will be promoted from lower energy level to higher energy level. If the energy of the UV light that is absorbed by the electron is less than ▲E=hv, then the electron will not be promoted to higher energy level. The most common excitation is from HOMO to LUMO.  The instrumentation of UV is as follows: [16]
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[bookmark: _Toc12104874][bookmark: _Toc13634975]FTIR Spectroscopy and Its Working Principle 
[bookmark: _Toc12104875][bookmark: _Toc12105466][bookmark: _Toc12184122][bookmark: _Toc12302004][bookmark: _Toc12104876][bookmark: _Toc12105467][bookmark: _Toc12184123][bookmark: _Toc12302005]FTIR spectroscopy is used to find out the presence or absence of some functional groups in a substance. The energy of IR radiation is weak unlike ultraviolet and visible radiation. It is not strong enough to promote electron from the ground state to the excited state. It is based on vibration of bonds. Bond vibration is further classified in to two groups. Namely: Bond stretching and bending. Bond stretching could be symmetric or asymmetric. Bending is the widening and narrowing of bonds when the substance interacts with IR radiation or when it absorbs IR radiation. FT-IR spectroscopy ranges from 4000 cm-1 to 400 cm-1. This range is further classified in to two. They are finger print region and functional group region. The finger print region ranges from about 1500−900 cm-1. In this range every substance has a characteristic absorption frequency. They are specific to a particular molecule. The functional group region ranges from 4000 cm-1 to 1500 cm-1 and below 900 cm-1. It is used to identify functional groups [16]. FT-IR  consists  of  a  moving  mirror,  fixed mirror,  beam  splitter,  IR  radiation  source  and detector.  Instead  of  using  monochromator, Michelson  interferometer  is  used for  analysis  of IR  radiation  after  passing  through  sample. Radiation  from  IR  source  is  collimated  by  mirror and  the  resultant  beam  is  divided  at  beam splitter.  Half of the beam passes through mirror (fixed) and half of it refracted to moving mirror [17]. 
[bookmark: _Toc12104877][bookmark: _Toc12105468][bookmark: _Toc12184124][bookmark: _Toc12302006]After reflection  by  these  two  mirrors,  two  beams recombined at beam splitter and passes through cell  and  after  that  radiation  is  focused on detector. Movable mirror, moves back and forth at a distance of 21 cm. If roundtrip distance between beam splitter and fixed mirror is identical to that of  beam  splitter  and  movable  mirror,  then  only the  radiation from  two  mirrors  arise  in  phase  at beam  splitter,  cell  and  to  detector.  As the movable mirror changes its position, the distance between  mirror  and  beam  splitter  no  longer trip distance between beam splitter and fixed mirror is identical to that of  beam  splitter  and  movable  mirror,  then  only the  radiation from  two  mirrors  arise  in  phase  at beam  splitter,  cell  and  to  detector.  As the movable mirror changes its position, the distance between mirror and beam splitter is no longer identical and radiation of fixed wavelength will arrive in phase only to cell and detector [17, 18]. 
[bookmark: _Toc12104878][bookmark: _Toc13634976] X-Ray Diffractometer and Its Working Principle
X-ray diffraction is used to analyse crystalline and molecular substances. In X-ray diffraction the surface of the sample is bombarded with X-ray and it will be diffracted or scattered at different angles then the signal will be recorded by the detector. The detector moves in a circle around the sample as Figure 2 demonstrates and then its position is recorded as the angle 2theta (2θ). The detector records the number of X-rays that are observed at each angle 2θ. The X-ray intensity is usually recorded as counts or as counts per second. To focus the X−ray beam properly on the sample, the sample rotates. Sometimes the reverse is true that is the X−ray tube rotates around the sample instead of the sample [19, 20]. To determine the size of Nanoparticles the Debye Scherrer equation is applied. D = where D = size of nanoparticle, K = Scherrer constant = 0.9, λ = wave length of X-ray,  = line broadening at half maximum intensity.
 =    where  = 3.14
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[bookmark: _Toc12024208][bookmark: _Toc12029164][bookmark: _Toc13577216][bookmark: _Toc13732533][bookmark: _Toc13732559]Figure 2: X-rays scattered at different angles by a sample 
[bookmark: _Toc12104879]


[bookmark: _Toc13634977]Analytical Techniques for Determining Heavy Metals
There are various methods of determining heavy metal cations that are present in waste water samples.  Some of these methods are spectroscopic techniques such as atomic absorption spectroscopy (AAS), flame atomic absorption spectroscopy (FAAS), inductively coupled plasma optical emission spectrometry (ICP-OES), inductively coupled plasma atomic emission spectrometry (ICP-AES), inductively coupled plasma mass spectrometry (ICP-MS), ion chromatography (IC). Among these methods, electrochemical methods are preferable in various respects. Brisk response to the concentration of analyte, very low detection limit, specificity to a particular oxidation state of analyte, simplicity of their instrumentation, low analysis cost of sample unlike other analytical methods are some of the factors that made electrochemical methods preferable [21].
0. [bookmark: _Toc12104880][bookmark: _Toc13634978]Electrochemical Methods
There are different types of electrochemical methods.  Some of these methods are: cyclic voltammetry (CV), square wave stripping voltammetry (SWSV), differential pulse stripping voltammetry (DPSV) and linear sweep voltammetry (LSV). Cyclic voltammetry and linear sweep voltammetry are the two commonly used potential sweep techniques while differential pulse stripping and square wave stripping voltammetry techniques are pulse techniques and they are renowned for determining heavy metals in food and water matrices [22]. 
 To grasp electrochemistry, the following five important and interrelated concepts need to be appreciated: (1) the potential of the electrode determines the form of the analyte (reduced and oxidized form) at the surface of the electrode; (2) The concentration of analyte at the surface of the electrode may not be the same as its concentration in bulk solution; (3) The analyte may participate in other chemical reactions as well as reduction-oxidation reaction; (4) current is a measure of the rate of oxidation or reduction of analyte; and (5) we cannot control simultaneously current and potential [22].
[bookmark: _Toc12104881][bookmark: _Toc13634979]Cyclic Voltammetric Technique
Cyclic voltammetry (CV) is a sweep technique in which potential is scanned positively and negatively (oxidative scan and reductive scan). Hence, it is a better technique to study the electrochemical behavior of analyte because the analyte is scanned twice [23].
Cyclic volltammetry is effective for it observes swiftly the redox behavior of analyte over a wide potential range. Cyclic voltammetry consists of cycling the potential of an electrode, which is immersed in a quiescent solution, and measuring the resulting current. The potential of this working electrode is controlled versus a reference electrode such as a saturated calomel electrode (SCE) or a silver/silver chloride electrode (Ag/AgCl). The controlling potential which is applied across these two electrodes can be considered an excitation signal [24].
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[bookmark: _Toc12024210][bookmark: _Toc12029166][bookmark: _Toc13577217][bookmark: _Toc13732534][bookmark: _Toc13732560]                                       Figure 3: Cyclic Voltammetry

In the voltammetric techniques, the potential can be scanned in one direction, either to more positive potentials or to more negative potentials. As it is shown above in figure three, in cyclic voltammetry a scan is completed in both directions. Firstly, the potential is scanned to more positive values, resulting in the following oxidation reaction for the species 
  R                O + ne─
When the potential reaches a predetermined switching potential, the direction of the scan is reversed towards more negative potential. Because oxidized species is generated on the forward scan during the reverse scan it is reduced back to R [24].
O + ne−                R
[bookmark: _Toc12104882][bookmark: _Toc13634980]Differential Pulse Voltammetry (DPV) 
[bookmark: _Toc12104883][bookmark: _Toc12184130][bookmark: _Toc12302012]It is a voltammetric method that is used to make electrochemical measurements and it is the derivative of linear sweep voltammetry or staircase voltammetry with a series of regular voltage pulses superimposed on the potential linear sweep or stair steps [25]. 
[bookmark: _Toc12104884][bookmark: _Toc12105475][bookmark: _Toc12184131][bookmark: _Toc12302013]This technique is similar to normal pulse voltammetry except for two important differences.  The base potential is increased between pulses with equal increment. Current is measured twice prior to applying pulse and at the end of the pulse. The difference between the two currents is measured. Pulses that are superimposed on a potential ramp have also been employed.  For micro processor control the staircase wave form is clearly simple to put in to operation. Since DPV is a differential technique, the response is similar to the first derivative of a conventional Voltammogram that is a peak. The peak potential can be approximately identified with El/2. With increasing irreversibility, E moves away from El/2 (reversible system), at the same time as peak width increases and its height diminishes. The degree o f reversibility of an electrode reaction is similar to that observed in NPV [26].
                       E max = E 1/2 ± ▲E/2 
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[bookmark: _Toc12024212][bookmark: _Toc12029168]Figure 4: Potential-excitation Signals and Voltammograms for Differential Pulse Polarography
[bookmark: _Toc12104885]	


[bookmark: _Toc13634981]Square Wave Voltammetry
Square wave voltammetry has exceptional versatility, which was invented by Ramaley and Krause but has been developed extensively in recent years by the Osteryoungs and their coworkers. It can be observed as combining the best aspects of several pulse voltammetric methods, including the background suppression and sensitivity of differential pulse voltammetry, the diagnostic Value of normal pulse voltammetry, and the ability to interrogate products directly in much the manner of reverse pulse voltammetry. It also gives access to a wider range of time scales than can be achieved by any of the pulse polarographic techniques [27]. 
Square wave voltammetry is normally carried out at a stationary electrode; such as HMDE, and involves the wave form and measurement scheme. As in other forms of pulse voltammetry, the electrode is taken through a series of measurement cycles; however there is no renewal of the diffusion layer between cycles. Square wave voltammetry has no true polarographic mode unlike NPV, RPV, and DPV [39].[image: ]
[bookmark: _Toc12024213][bookmark: _Toc12029169][bookmark: _Toc13577218][bookmark: _Toc13732535][bookmark: _Toc13732561]Figure 5: Potential wave form for square wave voltammetry
[bookmark: _Toc12104886][bookmark: _Toc13634982]Stripping Voltammetry
[bookmark: _Toc12105478][bookmark: _Toc12184134][bookmark: _Toc12302016]Another important voltammetric technique is stripping voltammetry. There are three types of stripping voltammetry. Namely: anodic stripping voltammetry, cathodic stripping voltammetry and adsorptive stripping voltammetry. Anodic stripping voltammetry is the most widely used technique and much emphasis is given to it. In anodic stripping voltammetry, three types of potential are applied on the working electrode. The first potential is the potential that can preconcentrate or bring the electroactive species closer towards the electrode solution interface from the bulk of the solution, the second potential is the potential that is strong enough to adsorb the analyte or the electroactive species on the surface of the electrode and eventually the third potential is scanned positively so that the analyte is stripped of the surface of the electrode [28]. In chathodic stripping a potential that can oxidize mercury electrode to Hg22+ is applied which then reacts with the analyte to form an insoluble film at the surface of the electrode. For example, when Cl– is the analyte the deposition step is 2Hg (l) + 2Cl─ (aq)                   Hg2Cl2 (s) + 2e¯
Second, stripping is accomplished by scanning cathodically toward a more negative potential, reducing Hg22+ back to Hg and returning the analyte to solution.
Hg2Cl2 (s) + 2e¯                        2Hg (l) + 2Cl¯(aq) [28]
[bookmark: _Toc12104887][bookmark: _Toc13634983]MATERIALS AND METHODS
[bookmark: _Toc12104888][bookmark: _Toc13634984]Chemicals and reagents
All chemicals that have been used in this experiment were of analytical grade. Silver nitrate (BDH), graphite powder (Blulux), paraffin oil (BDH), cadmium nitrate tetra hydrate (99.5%, BDH), Pb(NO3)2 (99.5%, BDH), HNO3 (65%, UNI-CHEM), H2O2 (30%,Blulux), glacial acetic acid (99.5%),  sodium acetate, concentrated hydrochloric acid, sodium hydroxide and distilled water were used. 


[bookmark: _Toc12104889][bookmark: _Toc13634985]Instruments and Apparatus
  CHI760 electrochemical workstation (Austin, Texas, USA), Nimbus analytical electronic top loading balance (USA), Hover Labs, Ambala Cantt heating mantle (Korea), magnetic stirrer, REMIUGYOG BOMBA Y-2 centrifuge (India),  mortar and pestle, Adwa pH meter (Hungary), UV-Vis spectrophotometer (Beijing), X-ray Diffractometer (MiniFlex 610, USA), FT-IR  spectrometer(Spectrum 65 perkin Elmer, Germany), MSH-20A MSH-20D  heater (Korea) three electrode system: AgNPs/CPE as working electrode, platinum coil as auxiliary(counter) electrode and Ag/AgCl (3M KCl) as indicator ( reference) electrode.
[bookmark: _Toc12104890][bookmark: _Toc13634986]Method
Green synthesis method was applied. Green synthesis method is the application of the extracts of different plants to synthesize silver nanoparticles. Some of the plants whose extracts are used to reduce Ag+ ion to metallic silver are khat, mango leaf, holy basil leaf etc [29]. There are various justifications to apply plant extracts to generate AgNPs. The first justification is that they are eco friendly. The second justification is that they behave as stabilizing agent. i.e, they obviate agglomeration of silver nanoparticles. One peculiar property of silver nanoparticles is that they grow indefinitely or they surpass the desired size unless they are controlled by tuning (adjusting) miscellaneous parameters such as pH, temperature, concentration of capping agent and strength of reducing agent. The third reason to choose green synthesis method is that it is not costly. The biomolecules can be extracted easily using distilled water. There is no need to use expensive organic solvents for extraction purpose.  The extract of ocimum sanctum leaf was used to reduce silver ion in to metallic silver. Some of the biomolecules that are present in the ocimum sanctum leaf extract which are able to reduce silver ion in to metallic silver are: alkaloids, flavonoids and terpenoids.
[bookmark: _Toc12104891]
0. [bookmark: _Toc13634987]Procedure of Extracting Ocimum Sanctum (holy basil) Leaf Extract 
Ocimum sanctum (holy basil) leaf extract was extracted following a reported procedure [29]. Briefly: Ocimum sanctum leaf was collected from around Bahir Dar and then it was washed four times thoroughly to obviate dust particles. The washed leaf was chopped finely. 20 g of the chopped leaf was transferred in to 500 mL Erlenmeyer flask and then 100 mL of distilled water was added. The conical flask containing the chopped leaf and distilled water was boiled for five minutes using heating mantle. After five minutes the conical flask was taken out from the heating mantle and it was allowed to cool to room temperature. Then the extract was filtered using Whatman no one filter paper. Eventually the extract was kept in a refrigerator for further experiments. Figure 6 shows Ocimum sanctum plant.
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[bookmark: _Toc12024215][bookmark: _Toc12029171][bookmark: _Toc13577219][bookmark: _Toc13732536][bookmark: _Toc13732562]Figure 6: Ocimum sanctum (holy basil) plant
[bookmark: _Toc12104892][bookmark: _Toc13634988]Procedure for preparing silver Nanoparticles 
10 mM aqueous AgNO3 solution was prepared by using distilled water. 30 mL of 10 mM aqueous solution of AgNO3 and 3mL of crude plant extract were blended by stirring magnetically and colour change was observed. The AgNPs colloidal suspension was centrifuged at 10,000 rpm for 15 minutes and the excess liquid was removed through evaporation by using drier. (The drier could be desiccator).The AgNPs suspension was diluted 10 times to avoid error that results from high optical density of the solution when it was prepared for UV-Vis analysis [29]. 0.5 mL of the solution was taken for UV-Vis analysis.  After the reaction mixture was allowed to stand for 45 minutes a dark brown colour was observed.
[bookmark: _Toc12104893][bookmark: _Toc13634989] Preparation of unmodified and Modified Carbon Paste Electrode
0. [bookmark: _Toc12104894][bookmark: _Toc13634990]Preparation of Unmodified Carbon Paste Electrode
Unmodified carbon paste electrode was prepared following a procedure that was reported elsewhere [30, 31]. Briefly: graphite powder and paraffin oil were mixed in the ratio 70:30, respectively (%w/w). 1.0 g of graphite powder that was mixed with 0.429 g of paraffin oil was homogenized thoroughly with a mortar and pestle for 40 minutes. The mixture was then left for further 24 hrs. Finally, the carbon paste was crammed in to a teflon tube by tapping with the smooth end of the Teflon tube and copper wire. The purpose of using copper wire is to make electrical contact. The surface of unmodified carbon paste electrode was polished with filter paper before it used in experiments.
[bookmark: _Toc12104895][bookmark: _Toc13634991]Preparation of AgNPs modified carbon pate electrodes
[bookmark: _Toc12104896][bookmark: _Toc12105488][bookmark: _Toc12184144][bookmark: _Toc12302026]Four modified carbon paste electrodes were prepared. In preparing AgNPs modified carbon paste electrode, the mass of graphite powder was kept constant and that of AgNPs was variable. The mass of the graphite powder that was taken was one gram. One gram of graphite powder was added to each of four mortars. 15, 20, 30 and 40 mg AgNPs was   added in to the first, second, third and fourth mortar respectively. The mixture was homogenized with mortar and pestle. After a mixture of AgNPs and graphite powder has been homogenized, 0.429 g of paraffin oil was added to each mortar. The four mortars containing a mixture of graphite powder, AgNPs and paraffin oil were homogenized for 40 minutes one after the other.  Each of the four mortars containing the mixture were left for 24 hours. After 24 hours the carbon paste was crammed in to four teflon tubes by tapping and using copper wire. The purpose of adding paraffin oil was to bind the graphite powder strongly. 
[bookmark: _Toc12104897][bookmark: _Toc13634992]Preparation of Acetate Buffer Solution (ABS) 
0.1 M acetate buffer solution (ABS) of the required pH was prepared by mixing the appropriate volumes of equi-molar (0.2 M) CH3COONa and CH3COOH solutions in deionized water. 
[bookmark: _Toc12104898][bookmark: _Toc13634993]Preparation of Cd(II) and Pb(II) solutions 
[bookmark: _Toc12184147][bookmark: _Toc12302029][bookmark: _Toc12104900][bookmark: _Toc12105492][bookmark: _Toc12184148][bookmark: _Toc12302030]100 mL of 1000 ppm stock solutions of cadmium(II) and lead(II) were prepared separately by dissolving the appropriate masses of Cd (NO3)2.4H2O, and Pb(NO3)2 in pH 4.5 ABS, respectively. 100 mL of 100 ppm intermediate solution for each was prepared from the stock solution. Moreover, working standard solutions with different combinations in the range of 5-160 ppm for each studied metal were prepared by serial dilution of the respective stock solution. 
[bookmark: _Toc12184149][bookmark: _Toc12302031]Working standard solutions with both parallely varying concentration (5-160 ppm)
[bookmark: _Toc12184150][bookmark: _Toc12302032]Working standard solutions of Cd(II) from 5-160 ppm while Pb(II) is kept to 20 ppm
[bookmark: _Toc12184151][bookmark: _Toc12302033]Working standard solutions of Pb(II) while Cd(II) is kept 20 ppm.
[bookmark: _Toc12104902][bookmark: _Toc13634994]Collection and Digestion of Industrial Effluent 
0. [bookmark: _Toc12104903][bookmark: _Toc13634995]Collection of Industrial Effluent
 Time weighted influent and effluent samples were collected from Bahir Dar Textile Factory in the morning at noon and in the afternoon with 500 mL polyethylene plastic bottles which were rinsed thoroughly with dilute HNO3. The purpose of rinsing the waste water sample container with dilute HNO3 is to lower the pH below two to minimize the precipitation of metal ions, the adsorption of metal ions to the wall of their container, to avoid microbial degradation and to convert metal ions in to their nitrate salts that are highly soluble. The reason to collect waste water samples at different time was to obtain representative sample.  Up on the samples were fetched to the laboratory they were kept in the fridge so as to preserve their nature until digestion takes place. Equal volume (500 mL of each) of both the influents and effluents were blended in a single plastic bottle to constitute a time weighted composite sample. Two time- weighted composite samples were formed. The first one was of the influent and the second one was of the effluent. The sample collection time was chosen to obtain representative sample so as to reduce error arising from sampling to the extent possible. The factory works for 24 hours based on the information that was obtained.  
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[bookmark: _Toc12024216][bookmark: _Toc12029172][bookmark: _Toc13577220][bookmark: _Toc13732537][bookmark: _Toc13732563]Figure 7: Influent collecting vessel at Bahir Dar Textile Factory
[bookmark: _Toc12104904][bookmark: _Toc13634996]Digestion of Influent and Effluent Sample
100 mL from influent and effluent sample was taken in to two 250mL Erlenmeyer flasks and then 30 mL of concentrated HNO3, 15 mL of concentrated HCl and 1.24 mL of 30% H2O2 was added in to both Erlenmeyer flasks based on reported procedure[32]. After that the samples were digested for one hour using hot plate at 950c until brown gas was removed completely from both flasks and limpid solution was formed. After limpid solution has been formed, the two flasks were removed from the hot plate. The limpid solutions were cooled to room temperature and then they were transferred in to two 100 mL volumetric flasks by filtering with Whatman no 1 filter paper and then they were diluted to the mark with distilled water. After dilution they were kept meticulously in refrigerator until they were analyzed. The purpose of digestion is to exterminate impunities and to break down organo metallic bond so that free metal ion will be obtained for analysis. 
[bookmark: _Toc12104905][bookmark: _Toc13634997]RESULTS AND DISCUSSION 
[bookmark: _Toc12104906][bookmark: _Toc13634998]Extraction of Ocimum sanctum (holy basil) Leaf extract using water as a solvent
The conical flask containing 20 g of the finely chopped leaf and 100 mL of distilled water has been boiled for five minutes at 100 0c and then cooled to room temperature. The crude extract was filtered using Whatman no 1 filter paper and a yellow filtrate was collected which was kept in a refrigerator at 4 0c for further experiments. 
[bookmark: _Toc12104907][bookmark: _Toc13634999]Synthesis of Silver Nanoparticles
AgNPs were synthesized by mixing the right amount of the precursor (aqueous AgNO3 solution) with Ocimum sanctum leaf extract [33] with minor modification. The volume of the crude plant extract was increased to 1 mL from 0.5 mL.  Colored solution was not obtained when 10 mL of 1 mM aqueous solution of AgNO3 was mingled with 0.5 mL of the leaf extract. Hence, we were compelled to modify the procedure. After various trials, a dark brown colored solution was obtained when 10 mL of colourless AgNO3 solution was mixed with 1 mL of the crude plant extract (yellow) after the reaction mixture was allowed to stand for 40 min. This confirmed the formation of silver nanoparticles. As the reported materials signify, the bio molecules  that are present in holy basil leaf which are responsible for converting Ag+ to metallic silver are flavonoids, terpenoids, phenols and alkaloids [34]. To decrease the size of the formed nanoparticles, the pH of the dark brown filtrate was adjusted to pH 11 using 0.1 M NaOH. Reported materials signify that the optimum pH value for producing small sized nanoparticles is pH = 11.
The colloidal suspension was transferred to test tubes and it was centrifuged at 10,000 rpm for 15 min. Finally, the collected brown precipitate was dried at 100 0C using heating mantle. The silver nanoparticles were then collected and preserved for use. The formation of AgNPs was confirmed by using UV-Vis and XRD analysis.  
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[bookmark: _Toc12024217][bookmark: _Toc12029173][bookmark: _Toc13577221][bookmark: _Toc13732538][bookmark: _Toc13732564]Figure 8: A) Silver nanoparticles Suspension    B) AgNPs
[bookmark: _Toc12104908][bookmark: _Toc13635000]Characterization of AgNPs
So as to ascertain whether AgNPs have been formed or not, three techniques (Ultraviolet visible spectroscopy, Fourier transform infrared spectroscopy and x-ray diffraction) were applied to characterize the synthesized nanoparticles. 
0. [bookmark: _Toc13635001][bookmark: _Toc12104909]UV-Visible Spectroscopic Characterization  
To attest whether the synthesized nanoparticles are silver nanopartticles or not, UV- Visible spectroscopy was employed. UV-Vis spectra for AgNO3 solution, crude leaf extract, and the dark brown colored mixture of the two (after 10 times dilution) were recorded from 300-700 nm (Figure 9).  While no peaks were observed for both the precursor solution (curve a of Figure 9) and crude leaf extract (curve b of Figure 9) at the characteristic wave length of silver nanoparticles, the peak centered at about λmax 415 nm (curve c of Figure 9) was assigned for silver nanoparticles formed in the mixture which is in agreement with reported value [35]. It is when the valence electron of silver absorbs UV light of characteristic wave length; its electrons resonate between conduction and valence band called the surface Plasmon resonance that the silver nanoparticles absorb the radiation. 


[bookmark: _Toc13577222][bookmark: _Toc13732539][bookmark: _Toc13732565][bookmark: _Toc12024218][bookmark: _Toc12029174]Figure 9: UV- Visible spectrum of (a) AgNO3 solution, (b) crude extract of holy basil leaf, and (c) AgNPs 
[bookmark: _Toc13635002][bookmark: _Toc12104910]X-ray Diffraction Analysis 
  X−ray diffraction analysis was conducted to examine the crystalline nature and size of the synthesized silver nanoparticles.  Based on the reported materials, the peak with highest intensity appeared at 2theta =38.8 0 for silver nanoparticles which was in compliance with the expected or theoretical value [35]. This 2 value is a characteristic value for silver nanoparticles. The spatial coordinate (111) describes the face centered cubic structure of the AgNPs and (200) describes the Ag crystallite. After the Debye Scherrer equation has been applied the size of silver nanoparticles was found to be 22.9nm. From this result it can be discerned that silver nanoparticles have been formed. The difference in the intensity of the different peaks signifies that the silver nanoparticles that were prepared were of various in size and the presence of other substances that were found together with silver nanoparticles. The range of 2 theta (degree) within which the XRD was run ranged from 100−600. The wave length of X-ray that was applied for the analysis was 1.5406A0. 


[bookmark: _Toc12024219][bookmark: _Toc12029175][bookmark: _Toc13577223][bookmark: _Toc13732540][bookmark: _Toc13732566]                                                            Figure 10: XRD Pattern of AgNPs
[bookmark: _Toc12104911][bookmark: _Toc13635003]Fourier Transform Infrared Spectroscopy (FTIR) Analysis 
[bookmark: _Toc13635004]FTIR Analysis of Ocimum sanctum (holy basil) Leaf Extract and AgNPs
[bookmark: _Toc12104912][bookmark: _Toc12105505][bookmark: _Toc12184163][bookmark: _Toc12302045]FTIR experimental result revealed very intense and broad band at a frequency of 3468 cm-1. This attests the presence of –OH functional group in the Ocimum sanctum leaf extract.This is due to –O-H stretching. The stretching frequency of –OH functional group falls between 3200 cm−1 and 3600 cm−1. As it has been reported by materials that have been already published, benzaldehyde, cineole, linalool, eugenol,β-bourbonene,β-cubebene,β-elemene,β-caryophyllene,α-transbergamotene, α-humulene,alloaromadendrene, γ-muurolene, β-selinene, bicyclogermacrene, β- bisabolene,  δ-cadinene,  β- sesquiphellandrene,  β- germacrene caryophyllene oxide , globulol  alkaloids, flavonoids, phenols and terpenoids are organic compounds that are present in ocimum sanctum leaf extract [36]. 
These organic compounds contain –OH functional group. This is the functional group that is responsible for reducing silver (I) in to metallic silver. There is a weak absorption band at a frequency of 2076 cm-1 as well. This is owing to the presence of bio molecules containing –C−C− triple bond. There is a sharp and medium band at a frequency of 1654 cm-1. This could be due to the presence of organic compounds containing carbonyl group because the stretching frequency of carbonyl compounds falls between 1650 and 1690 cm-1. Regarding spectra of AgNPs, as it can be observed from the FTIR spectrum, there is a strong and sharp peak at 3445 cm-1. This corresponds to the -O−H stretching. This signifies the presence of eugenol and phenol in the silver nanoparticles. There are two weak spike-like peaks at 2911cm-1 and 2839 cm-1 due to ─ C− H stretching in aldehyde. This authenticates the presence of aldehyde functional group in the synthesized AgNPs. These weak and medium spike like peaks correspond to−C−H stretching frequency. As it has been clarified in reported materials, the organic compounds that are responsible for reducing Ag (I) in to metallic silver Ag0 contain aldehyde. There is a medium and sharp peak at 1637 cm-1, this ascertains the presence of alkene. This stretching frequency belongs to –C=C− stretching. There is a strong and sharp peak at 1401 cm-1. This corroborates the presence of alkanes. This frequency belongs to −C−H− bending. There is a weak and sharp peak at 1042 cm-1. This could be –C−O− stretching [37].







[bookmark: _Toc13577224][bookmark: _Toc13732541][bookmark: _Toc13732567]Figure 11: FTIR spectra of A) holy basil leaf extract B) AgNPs
[bookmark: _Toc13635005]Difference in Anodic Peak Current between Unmodified and Modified CPE
To evaluate the sensitivity of the AgNPs modified CPE towards the electrochemical reaction of both the analytes over the unmodified CPE, the cyclic voltammograms of 100 ppm mix of Cd(II) and Pb(II) in pH 4.5 ABS (Figure 12) was run, a potential window  from -1.4V to -0.2V was applied. As it can be seen from the figure, the redox peak current response in general and anodic peak current in particular of the modified CPE (curve b) for the two metals is higher than the unmodified for the same (curve a). This peak current enhancement by the AgNPs modified CPE might be accounted for the catalytic property of the modifiers. Thus, the silver nanoparticle modified carbon paste electrode (AgNPs/CPE) was selected for determination of the level of lead and cadmium in the discharged effluents of Bahir Dar Textile Factory. 

[bookmark: _Toc12104914][bookmark: _Toc12105508].
[bookmark: _Toc12024221][bookmark: _Toc12029177][bookmark: _Toc13577225][bookmark: _Toc13732542][bookmark: _Toc13732568]Figure 12: Cyclic voltammograms of a mixture of 100 ppm Pb(II) and Cd(II) in pH 4.5 ABS potential window (from -1.4 – 0 V) at a) unmodified and b) modified CPE
[bookmark: _Toc12104915][bookmark: _Toc13635006] Optimization of Silver Load
To examine the effect of the nanoparticles loading, four carbon paste electrodes with various proportion of AgNPs modifier (15, 20, 30, and 40 mg of AgNPs/electrode) were prepared (Figure 13). As it can be seen from the figure, the electrode modified with 30 mg of AgNPs revealed most intensive anodic peaks for both the analytes. Thus, carbon paste electrode prepared by mixing 1 g of graphite powder, 0.429 g of paraffin oil, and 30 mg of AgNPs was used for further experiments.  


[bookmark: _Toc13577226][bookmark: _Toc13732543][bookmark: _Toc13732569][bookmark: _Toc12024222][bookmark: _Toc12029178]Figure 13: SWAS voltammograms of 100 ppm mixture of Cd(II), and Pb(II) in pH 4.5 ABS at CPE modified with AgNPs of various amounts (15, 20, 30 and 40 mg/electrode) potential window (from -1.4Vto -0.2V) 
[bookmark: _Toc13635007]Linear Dependence of Epa on pH
So as to examine the reaction mechanism of electrochemical reaction and the dependence of anodic peak potential on pH, figure depicting anodic peak potential as a function of pH was drawn. As it is shown in the following figure (figure 14),  the number of electrons and protons that were involved in electrochemical reaction can be obtained by applying Nernst equation.
E = E0 O/R –  log     = E0 O/R ─ − pH = E0 O/R −






[bookmark: _Toc13577227][bookmark: _Toc13732544][bookmark: _Toc13732570]Figure 14: Linear dependence of Epa on pH for Cd (II) (a) and Pb (II) (b) for mixture of 100 ppm Cd/Pb in 4.5 ABS
[bookmark: _Toc13635008]Test for Adsorptive and Diffusion Controlled Reactions
In order to investigate the kinetics of electrochemical reactions, i.e, whether the electrochemical reaction is diffusion controlled, adsorption controlled or the combination of the two, three graphs were drawn as shown below. If ipa is correlated strongly with scan rate, then the reaction is said to be adsorption controlled reaction. If ipa is correlated strongly with the square root of scan rate, then the reaction is said to be diffusion controlled. If ipa is not correlated strongly with both of them, then the reaction is the combination of the two. As it is observed in the following figure below (figure 15), it was neither correlated strongly with the scan rate nor square root of scan rate. The kinetics of the electrochemical reaction was the combination of the two.





[bookmark: _Toc13577228][bookmark: _Toc13732545][bookmark: _Toc13732571]Figure 15: Test for diffusion controlled, adsorption controlled or the combination of the two for electrochemical reaction of a mixture of Cd (II) and Pb (II) in 4.5 pH ABS potential window (from -1.4 to – 0.2V)
[bookmark: _Toc12104917][bookmark: _Toc13635009]Optimization of pH
most of electrochemical reactions are pH dependent, the effect of pH on the anodic stripping voltammetric response of the AgNPs/CPE towards Cd(II) and Pb(II) in the pH range 3.5-6.5 was surveyed (Figure 16). As it can be seen from the figure (Inset), the anodic peak current increased with pH from 3.5 to 6.0 and then decline at pH beyond 6.0 showing that pH 6.0 is the optimum pH of the ABS. 





[bookmark: _Toc12024223][bookmark: _Toc12029179][bookmark: _Toc13577229][bookmark: _Toc13732546][bookmark: _Toc13732572]Figure 16: Square Wave Anodic Stripping Voltammograms (SWV) of a mixture of 100 ppm Cd (II) and 100 ppm Pb (II) in ABS of various pHs (3.5, 4.0, 4.5, 5.0, 5.5, 6.0, and 6.5): Eacc = -1.1 V, and tacc = 10 s.
[bookmark: _Toc13635010][bookmark: _Toc12104918]Optimization of Deposition parameters
0. [bookmark: _Toc13635011]Deposition potential (Eacc)
As the method which was selected for determination of the two metals in the effluent sample is stripping, the deposition potential that gives the maximum anodic current response was optimized keeping the deposition time at 10 s (Figure 17). As it is observed from the figure (Inset), the anodic peak current for both analytes increased from Eacc of -1.4 to -1.1 V and then decreased at deposition potentials beyond -1.1 V. Thus, Eacc of -1.1 V was chosen for further analysis. The potential window was from -1.4 to -0.2V.  



	
[bookmark: _Toc12024224][bookmark: _Toc12029180][bookmark: _Toc13577230][bookmark: _Toc13732547][bookmark: _Toc13732573]Figure 17: SWASVs of mixture of 100 ppm Pb(II) and 100 ppm Cd(II) at various Eacc (-1.3, -1.2, -1.1, -1.0, and -0.9 V) in ABS of pH 6 tacc of 10 s.
[bookmark: _Toc12104919][bookmark: _Toc13635012]Optimization of Accumulation Time (tacc)
The optimum accumulation time was determined fixing accumulation potential at -1.1 V. Figure 16 presents SWASVs of mixture of the analytes in pH 6.0 ABS at Eacc of -1.1 V and various deposition times from (0-60 s). As can be seen from the figure (Inset), the anodic peak current response of the AgNPs/CPE for the 100 ppm mixture of the analytes increased from 0 to 40 s and then leveled off beyond 40 seconds of deposition time. Thus, 40 s was taken as the optimum deposition time. 


. 

[bookmark: _Toc13577231][bookmark: _Toc13732548][bookmark: _Toc13732574]Figure 18: SWASVs of a mixture of 100 ppm Cd (II) and 100 ppm Pb(II) in pH 6.
[bookmark: _Toc13577232][bookmark: _Toc13732549][bookmark: _Toc13732575]Eacc an = -1.1 V 
[bookmark: _Toc13635013][bookmark: _Toc12104920]Investigation of the dependence of anodic peak current on the concentration of of Cd(II) and Pb(II) 
The dependence of the SWASV peak current on the concentrations of the two analytes was evaluated under different conditions.








0. [bookmark: _Toc13635014]Both variable concentrations
Figure 19 depicts the SWAS voltammograms of variable concentrations of both the Cd(II) and Pb(II).


[bookmark: _Toc13577233][bookmark: _Toc13732550][bookmark: _Toc13732576]Figure 19: SWASVoltammograms of pH 6.0 ABS containing different levels of equi-molar mixture of Cd(II) and Pb(II) (a-f: 5, 10, 20, 40, 80, and 160 ppm, respectively). Eacc and tacc = -1.1 V and 40 s.
[bookmark: _Toc12549341]As it can be seen from the figure (Inset), the anodic peak current of both analytes showed linear dependence on the concentration in the same range of concentration although with different sensitivity and correlation coefficients. This indicated the possibility of simultaneous determination of the two metals in a sample [38,39].  
[bookmark: _Toc13635015]Calibration curve of Cd(II) 
To further evaluate effect of the presence of a metal on the dependence of anodic peak current of the other on its concentration, calibration curves were drawn using external standard addition method [39]. Figure 20 illustrates the SWAS voltammograms of variable concentrations of Cd(II) keeping the concentration of Pb(II) constant. Surprisingly, the anodic peak current of Cd(II) increased linearly with concentration (R2 = 0.9976) whereas the anodic peak current for the constant concentration of Pb(II) remaining constant. This confirmed the possibility of determining Cd(II) even in the presence of Pb(II).



[bookmark: _Toc13577234][bookmark: _Toc13732551][bookmark: _Toc13732577]Figure 20: Square Wave Anodic Stripping Voltammograms of pH 6.0 ABS containing 20 ppm of Pb(II) and variable concentrations of Cd(II) (a-f: 5, 10, 20, 40, 80, and 160 ppm, respectively) at AgNPs/CPE. Eacc and tacc = -1.1 V and 40 s.
[bookmark: _Toc13635016]Calibration curve of Pb(II)
[bookmark: _Toc12105515]The influence of the presence of constant amount of Cd(II) on the linear dependence of the anodic peak current of Pb(II) on its concentration was further evaluated. Figure 19 presents the SWASVs of various concentrations of Pb(II) while the concentration of Cd(II) was kept constant under the optimized solution and method parameters. The anodic peak current for Pb(II) showed linear dependence on the concentration with a correlation coefficient of 0.9996. This also confirmed the possibility for the simultaneous determination of the two metals in a sample like the effluent of a textile factory. 






[bookmark: _Toc13577235][bookmark: _Toc13732552][bookmark: _Toc13732578][bookmark: _Toc12104921]Figure 21: SWAS Voltammograms of pH 6.0 ABS containing 20 ppm of Cd(II) and various concentrations of Pb(II) (a-f: 5, 10, 20, 40, 80, and 160 ppm, respectively. Eacc and tacc = -1.1 V and 40 s.
[bookmark: _Toc13635017]Determination of Cd (II) and Pb (II) in Textile Effluent Sample
[bookmark: _Toc12549344][bookmark: _Toc12291753]Since it was confirmed that presence of one metal does not tamper with the determination of the other, the levels of Cd(II) and Pb(II) in effluent of Bahir Dar Textile factory were determined simultaneously. Figure 22 illustratrates the SWAS voltammograms of the effluent before (curve a) and after (curve b) the “treatment” plant. The two well resolved anodic peaks on each curve were assigned for Cd(II) and Pb(II) based on their characteristic anodic peak potential values. Levels of the two studied metals in the effluent samples before and after treatment are summarized in Table 1. As it can be observed from the voltammogram for the effluent before treatment, the relative peak current intensity for Cd(II) looks less than that of Pb(II) whereas, the current intensity for Pb(II) looks less than  that of Cd(II) in the effluent after treatment. This might be due to the presence of high amount of substances that can reduce lead than that of substances that can reduce cadmium because the influent entering the treatment plant is not under controlled conditions.



[bookmark: _Toc12549346][bookmark: _Toc13577236][bookmark: _Toc13732553][bookmark: _Toc13732579]Figure 22: SWAS voltammograms of digested Bahir Dar Textile effluent sample in pH 6.0 ABS (a) before treatment, and (b) after treatment. Eacc and tacc = -1.1 V and 40 s. 
As the experimental results that were obtained from this research work show, the concentrations of Cd (II) and Pb(II) in the influent of Bahir Dar Textile Factory were 15 and 10 ppm  while their concentrations in the effluent were 8 and 6 ppm respectively. The result was in conformity with the expectation, i.e, the concentrations of the two analytes in the influent should be greater than their concentration in the effluent because the factory is treating its effluent. These results were greater than the maximum permissible limit (MPL) that has been set by US EPA (2003) which is 1 ppm for Cd(II) and 0.5 ppm for Pb (II) [2]. Despite higher concentration of Cd (II) and lead (II) in the effluent unlike the standard, Bahir Dar Textile Factory is treating its influent.  Table one, table two and table three try to compare different parameters of the current work with results that were reported recently.








[bookmark: _Toc13577237][bookmark: _Toc13732554][bookmark: _Toc13732580]Table 1: Level of Cd (II) and Pb (II) in Bahir Dar Textile Factory Influent and Effluent
	
	Cd (II) (ppm)
	Pb (II) (ppm)

	Influent
	15
	10

	Effluent
	8
	6




[bookmark: _Toc13577238][bookmark: _Toc13732555][bookmark: _Toc13732581][bookmark: _Toc13577239]         Table 2 : The linear range, linear regression equation, correlation coefficient and detection limit for cadmium (II) and lead (II)
	Analyte
	Linear range (μM)
	Regression equation
	Correlation coefficient (r)
	Detection Limit (μM)

	Cadmium (II)
	0.08897−1734
	Ipa(μA) =1.4c (ppm) +57.5
	0.9976
	 0.088968

	Lead (II)
	0.0483─ 845.4
	Ipa(μA) = 1.9c (ppm) + 48.1
	0.99960
	0.048309



[bookmark: _Toc13577240][bookmark: _Toc13732556][bookmark: _Toc13732582]Table 3: Results of limit of detection, correlation coefficient and linear range for Cd (II) and Pb (II) of electrochemical method researches (SWASV, CV and DPV) that were performed at different time
	Research
	LOD for Cd (μM)
	LOD for Pb (μM)
	Correlation Coefficient, r for Cd (II) 
	Correlation coefficient, r for Pb (II)
	Linear range for Cd (μM)
	Linear range for Pb (μM)

	[40]
	0.001
	0.0008
	0.9928
	0.9974
	0.002-2.00 
	0.01-8.0 

	[41]
	0.00106
	0.0012 
	0.9969
	0.9915
	0.00267─ 1.779
	0.00242− 1.78 

	Present work
	0.088968 
	0.048309 
	0.9976
	0.9996
	0.089 ─ 1734 
	0.048─845





[bookmark: _Toc12104924][bookmark: _Toc13635018]Recovery Test for Cd (II) and Pb(II)
Recovery test is a technique by which the validity of a method and the accuracy of the instrument are examined. Spiked and unspiked effluent (waste water that leaves the treatment plant) textile sample was used for recovery test. To prepare spiked effluent sample, 5 mL of 60 ppm Cd (II) and 5mL of 30 ppm Pb(II)  were  transferred in to 25 mL volumetric flask  in 0.1 M solution of acetate buffer of pH    value = 6. To prepare unspiked effluent sample, 5mL of digested effluent sample  in 0.1 M acetate buffer solution of pH value = 6 was taken.  After preparing the two spiked and unspiked effluent samples, square wave anodic stripping voltammetry was run. The percent of recovery of Cd (II) and Pb (II) of the effluent sample were found to be 114% and 90% respectively. Since the percent of recoveries of both analytes have fallen within the acceptable recovery range, the method that was applied was Valid and correct. 


[bookmark: _Toc12024230][bookmark: _Toc12029186][bookmark: _Toc12549351][bookmark: _Toc13577241][bookmark: _Toc13732557][bookmark: _Toc13732583]Figure 23: SWASVs of industrial effluent after treatment in pH 6.0 ABS (a) unspiked and (b) spiked with 60 ppm of Cd(II) and 30 ppm of Pb(II).

[bookmark: _Toc12104927][bookmark: _Toc13635019]CONCLUSION AND RECOMMENDATION
[bookmark: _Toc12104928][bookmark: _Toc13635020]Conclusion
[bookmark: _Toc12104929] The level of heavy metals particularly cadmium (II) and lead (II) can be determined simultaneously using electrochemical methods particularly differential pulse and square wave anodic stripping voltammetries. The AgNPs that have been synthesized using green synthesis method by using Ocimum sanctum leaf extract as reducing agent is found to be very effective in modifying carbon paste electrode. A significant difference in anodic peak current between unmodified and modified carbon paste electrodes has been observed. Optimum ratio of graphite powder to AgNPs was found to be 1/30 (one gram of graphite powder and 30 mg of AgNPs). For AgNPs load surpassing 30 mg  a decline in anodic peak current was observed. This is due to the saturation of the surface of carbon paste electrode with AgNPs (small number of carbon particles). On the contrary, the lower anodic peak current for smaller AgNPs load is owing to small number of AgNPs. Plant extracts can be synthesized easily by using distilled water as a solvent. These methods are facile and cost effective. They do not call for consumption of costly organic solvents. Using plant extracts as reducing agent has several advantages. The plant extracts are eco friendly, they are cost effective, and they act as stabilizing agent. AgNPs outshines other substances that can modify carbon paste electrode because; of all metals silver is the best conductor of heat and electricity. 
[bookmark: _Toc13635021]Recommendation
All industries that discharge their industrial effluent to the environment have to treat their effluent adequately by applying various cost effective effluent treatment techniques such as bio remediation method prior to discharging so as to safeguard human beings and animals against harm. Discharging industrial effluents to the environment without treatment for the sake of minimizing cost is deleterious and perilous. Its harm outweighs its benefit.  Cadmium and lead which is the major ingredient of paint in textile factories must be substituted for other eco-friendly substances.
[bookmark: _Toc12104930]Regarding AgNPs, the current research work was confined only to synthesis and characterization of AgNPs for the sake of modifying carbon paste electrode for various reasons such as time constraint. It would be better to expand the research to the study of parameters that affect silver nanoparticles even so several researches have been conducted on AgNPs hitherto. 
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Wisdom at the source of the Blue Nile




