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INTRODUCTION 
ater is a vital resource and the existence of life depends 

on it. Water is essential for a range of activities such as in 

agriculture, industries, households, recreation, and 

environment. Only 2.5% of earth’s water is fresh with around 90% 

found as polar ice and deep groundwater reservoirs (Weiss, 2009). 

With the ever growing human population, water consumption is 

increasing, resulting in the depletion of many of the world’s major 

water bodies. It is necessary that all water resources available should 

be managed properly. Water purification is an essential process of 

removing undesirable contaminants such as bacteria, viruses, toxic 

metals, etc. (Montgomery and Elimelech, 2007).   
Scientists have an important role to play by developing techniques 

that can be used efficiently and cheaply to provide safe drinking 

water for both plants and animals. Different review articles have 

shown the importance of nanotechnology, use of nanomembranes 

for water purification, nanoscale particles for environmental 

remediation (Pendergast and Hoek, 2011; Goyal, 2011; Zhang, 2003).   

Water pollution has become a major problem that is becoming 

critical because of inadequacy of protection measures and 

sanitation. Lagoons, rivers and streams are sinks for wastes. Wastes 

are often discharged into the receiving water bodies with little or 

no regard to their assimilative capacities. The discharge of raw 

sewage, garbage, as well as oil spills are threats to the diluting 

capabilities of the lagoons and rivers. The natural purification of  
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polluted waters in itself is never fast, while heavily polluted water may persist for many days and 

long distance before a significant degree of purification is achieved. In addition, rivers and canals 

are becoming increasingly polluted from industrial wastewater dumped by factories (Abedin, 

1997).  

Alabaster and Lloyd (1982) stated that some water pollutants which become extremely toxic in 

high concentrations are, however, needed in trace amounts. Copper, zinc, manganese, boron 

and phosphorus, for example, can be toxic or may otherwise adversely affect aquatic life when 

present above certain concentrations, although their presence in low amounts is essential to 

support and maintain functions in aquatic ecosystems. Numerous studies have confirmed that a 

pH range of 6.5 to 9 is most appropriate for the maintenance of fish communities. Low 

concentrations of dissolved oxygen, when combined with the presence of toxic substances may 

lead to stress responses in aquatic ecosystems because the toxicity of certain elements, such as 

zinc, lead and copper, is increased by low conce Jatropha curcas (Euphorbiaceae) is widely 

cultivated for commercial scale biodiesel production from its seeds (Berchmans and Hirata, 

2008). J. curcas extract has been reported to possess medicinal uses like wound healing and 

blood coagulant activity (Osoniyi and Onajobi, 2003). The leaf extract of J. curcas was reported 

to show insecticidal and antimicrobial properties (Chauhan et al., 2015). J. curcas leaf extract has 

recently been used for the synthesis of AgNps. 

Many types of pollutants techniques have been developed and employed for wastewater 

treatment but this invariably increases the cost of obtaining clean water. The operation costs are 

considerably high, causing clean water scarcity for both aquatic plants and animals. The present 

study justifies the need to develop fast, cheaper and safer method such as nanotechnology for 

the treatment of water.   

Recently, attention has been focused on the developing more effective, and low cost methods 

for wastewater treatment, without stressing the environment or causing harm to human health 

by the treatment itself (Shannon et al., 2008). Different extensive studies have been carried out 

treatment ).The physicochemical results reveals that nitrate and sulphate levels deceased by 

50% and 40% respectively but heavy metals showed insignificant changes even at higher 

concentrations however prior studies have advocated that removal of heavy metals by 

nanoparticles can be increased with the use of ligands to decrease surface resonance between 

the nanoparticles and the heavy metals in water to be treated .C.O.D and B.O.D levels depicted 

a reduction. Increase is observed in the concentration of turbidity and dissolved solids as 

treatment concentration increased so it is prescribed that after treatment using silver 

nanoparticles further filtration and flocculation techniques should be applied to remove 

sediments/ de-colorization. Conductivity increased with treatment due to the high 

conductance of the nanospheres. 
 
KEYWORDS: Nanoparticles, metals, purification, spectroscopy,physico-chemical, treatments 
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to find viable alternatives for water and wastewater treatment. Several methods such as 

coagulation, membrane process, adsorption, dialysis, osmosis, photo catalytic degradation and 

biological methods have been used for the removal of toxic pollutants from water and 

wastewater or effluents (Pontius, 1990).  

Nanoparticles can be broadly categorized into two, namely, organic nanoparticles which include 

carbon nanoparticles while; some of the inorganic nanoparticles include magnetic nanoparticles, 

noble metal nanoparticles (like gold and silver) and semiconductor nanoparticles (like titanium 

oxide and zinc oxide). There is a growing attraction to inorganic nanoparticles i.e. of noble metal 

nanoparticles (Gold and silver) as they provide superior properties with increased versatility; 

their size features and versatile structure (Xu et al., 2006).  

Nanotechnology is an important field of modern research dealing with design, synthesis, and 

manipulation and application of particles structure ranging from approximately 1-100 nm in one 

dimension. Remarkable growth in this up-and-coming technology has opened novel 

fundamental and applied horizons, including the synthesis of nanoscale materials and 

exploration or utilization of their exotic physicochemical and optoelectronic properties. 

Nanotechnology is rapidly gaining precedence in a number of areas such as health care, 

cosmetics, food and feed, environmental health, mechanics, optics, biomedical sciences, 

chemical industries, electronics, space industries, drug-gene delivery, energy science, 

optoelectronics, catalysis, radiography, single electron transistors, light emitters, nonlinear 

optical devices, and photoelectrochemical applications (Colvin et al., 1994).  

Nanotechnology is gradually changing the way materials are synthesized and devices are 

produced. Research on the synthesis of nanosized material is of great interest because of their 

unique properties like optoelectronic, magnetic, and mechanical, which differs from bulk 

materials (Atul et al., 2010).  

Nanotechnology has already been applied in various fields such as electronics (Daniel and Astruc, 

2004), optics, catalysis (Tsunoyama et al., 2004), medicine (Singh et al., 2008), and 

environmental remediation. However, its use in the water industry, especially as antimicrobial 

agent for water borne pathogens, is just beginning to develop. Among most studied 

nanoparticles, silver is known to be an efficient antimicrobial agent, many researchers are drawn 

to designing and developing ways for its proper and efficient delivery and action (Yeo and Jeong, 

2003).   

In recent years, the development of efficient green chemistry methods employing natural 

reducing, capping, and stabilizing agents to prepare silver nanoparticles with desired 

morphology and size have become a major focus of researchers. Biological methods can be used 

to synthesize silver nanoparticles without the employing any harsh, toxic and expensive 

chemical substances (Ahmad et al., 2003). The bio-reduction of metal ions by combinations of 

biomolecules found in the extracts of certain organisms (e.g., enzymes/proteins, amino acids, 

polysaccharides, and vitamins) is environmentally benign, but chemically complex.  

The major advantage of using plant extracts for silver nanoparticle synthesis is that they are 

easily available, safe, and non-toxic in most cases, have a broad variety of metabolites that can 

aid in the reduction of silver ions, and are quicker than microbes in the synthesis. The main 

mechanism considered for the process is plant-assisted reduction due to phytochemicals. The 
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main phytochemicals involved are terpenoids, flavonoids, ketones, aldehydes, amides, and 

carboxylic acids. Flavonoids, organic acids, and quinones are water-soluble phytochemicals that 

are responsible for the immediate reduction of the ions. Studies have revealed plants contain 

emodin, and anthraquinone that undergoes tautomerization, leading to the formation of the 

silver nanoparticles. It has been suggested that phytochemicals are involved directly in the 

reduction of the ions and formation of silver nanoparticles (Jha et al., 2009).  

Heavy metals are dangerous because they tend to bio-accumulate, which means an increase in 

the concentration of a chemical in a biological organism over time, compared to the chemical's 

concentration in the environment. Heavy metals can enter a water supply by industrial and 

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

streams, lakes, rivers, and groundwater. Heavy metal toxicity can result in damaged or reduced 

mental and central nervous function, and damage to blood composition, lungs, kidneys, liver, 

and other vital organs (Verma and Dwivedi, 2013).  This research was carried out to investigate 

water purification potentials of J. curcas extract synthesized silver nanoparticles (Jc-AgNps) :  

i. To synthesis and characterize silver nanoparticles using Jatropha curcas extract.  

ii. To assess the efficacy of biologically synthesized silver nanoparticles from Jatropha curcas 

extract for the elimination or reduction of heavy metals in contaminated water.  

 

STUDY LOCATION  

The study was conducted using raw water from Afelele River, Offa and Oyun  River, Ijagbo 

located in Offa and Oyun Local Government Areas respectively and both in Kwara State. Oyun 

River flows from south east to south west, lies on longitude 4º30 east and latitude 8º26 north 

(Awu et al., 2016).   

 

COLLECTION OF PLANT MATERIAL 

Plant leaves identified as JATROPHA CURCAS was harvested by hand and put in a clean bag and 

transported to the laboratory.   

 

PLANT SAMPLE PREPARATION  

The leaves were rinsed with distilled water to remove foreign materials and were then spread 

to dry in laboratory at room temperature until constant weight was achieved. The leaves were 

ground to powder and passed through 0.5 mm sieve and stored in polyethylene bags for further 

analysis.  

 

PLANT EXTRACTION PROCEDURE  

500 g of powdery JATROPHA CURCAS leaves was weighed and soaked in 500 ml of ethanol for 

48 hours and then extract was filtered using Whatmann No. 1 filter paper.  

 

WATER COLLECTION  

Water samples were collected from two locations early in the morning in 4-litre plastic cans pre 

rinsed with distilled water during raining season when the water is mostly polluted and by 
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debris and was then filtered with a clean white cotton cloth washed thoroughly with distilled 

water. The cans were labeled in the laboratory for further analysis and investigations.  

 The purification experiment was dose dependent using nanoparticle concentrations/water sample 

25ml/l, 50ml/l, 75ml/l and 100ml/l in comparison with the control(zero treatment) 

 

GREEN SYNTHESIS OF NANOPARTICLES  

25 grams of the prepared plant sample was placed in a clean 200 ml beaker and then boiled with 

100 ml of deionized water until it produced steam. The extract was filtered with Whatmann No. 1 

filter paper overnight at room temperature and well covered. The filtrate served as a reducing 

agent for the synthesis of the silver nanoparticle. The synthesis of the leaf extract was  done by 

adding 10 ml of  the leaf extract to 100 ml of 1 mM silver nitrate solution and stirred briefly (Gupta 

and Chauhan, 2017).   

 

TREATMENT OF WATER SAMPLE USING PREPARED NANOPARTICLES  

The water samples were treated by simple serial dilution, 1 litre of the water from Afelele and Oyun 

Rivers were treated with 25 ml, 50 ml, 75 ml and 100 ml of the synthesized  nanoparticles after 

filtration using Whatman paper No. 1. The control without J. curcas NPs was set up from raw water 

samples from both rivers.  

 

CHARACTERIZATION AND MORPHOLOGICAL DESCRIPTION OF THE SYNTHESIZED 

NANOPARTICLES 

SCANNING ELECTRON MICROSCOPY  

Plate 2 showing that the particles are predominantly spherical with average size range between 

20 nm – 60 nm with few clumps of aggregation and confirms formation of the nanoparticles.  

 
Plate 1: Photomicrograph of Jatropha curcas nanoparticles obtained from 

       Scanning Electron Microscope  
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ULTRAVIOLET VISIBLE SPECTRUM ANALYSIS  

The experimental absorption spectrum measurement and it reveals only one peak at 250nm where 

the sample absorbs strongly.  

  
Figure 1: U-V Analysis  

 
` Figure 2: Effect of varying treatments on pH  

 

 pH DETERMINATION  

As illustrated in above, there are steady fluctuations in the pH at different concentrations. 

There is a considerable drop between 0 (control) and 25 ml/L treatment of Oyun but at 

50ml/L and 100ml/L an increase is observed. Afelele at 50ml/L shows increase but reduction 

occurred at 75 and 100ml/L.   
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Figure 3: Varying Effects of Nanoparticle Treatment on Conductivity  

 

CONDUCTIVITY (us/cm)  

Samples analyzed as represented in above reveals increase with higher varying treatment 

concentrations.   

           

 
 

TURBIDITY(NTU)  

Figure 4: Varying Effects of Nanoparticle Treatment on Turbidity  

 Illustration from above  indicates that levels of turbidity of both water samples increased as 

treatment concentrations increased.  
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 Figure 5: Varying Effects of Nanoparticle Treatment on Dissolved Solid  

  DISSOLVED SOLID (mg/L)  

 

The measurements obtained from the determination of dissolved solids gives an increasing trend 

in concentration as treatment was increased.  

 NITRATE (mg/L)  

 
  Figure 6: Varying Effects of Nanoparticle Treatment on Nitrates  

 Nitrates levels are seen to slightly decrease as portrayed in above. The reduction is observed as 

concentration of treatment increased.  
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 SULPHATE (mg/L)  

 
Figure 7: Varying Effects of Nanoparticle Treatment on Sulphate  

 

SULPHATE (mg/L)  

Sulphate concentration is observed at 100ml/L treatment as seen with nitrate to reduce 

considerably.  

 
Figure 8: Varying Effects of Nanoparticle Treatment on Zinc  

 ZINC (mg/L)  

Zinc concentration in both water samples show very slight changes in concentrations with 

treatment increase.   
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 Figure 9: Varying Effects of Nanoparticle Treatment on Copper  

 

COPPER (mg/L)  

The same phenomenon as in zinc levels is also observed with the concentrations varying slightly 

as treatment concentration rose  

 

Figure 10: Varying Effects of Nanoparticle Treatment on Iron  

IRON (mg/L)  

There was a slight increase in concentration between control and 100ml treatment with 

fluctuations between 25ml/L and 75ml/L in Afelele but no significant difference in  

Oyun.     

 

 
Figure 11: Varying Effects of Nanoparticle Treatment on Sodium  
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   SODIUM (mg/L)  

There are slight variations observed in the control and other concentrations (treatment) 

as it is seen that concentration of sodium slightly increased with treatment concentration 

increase.  

 
 Figure 12: Varying Effects of Nanoparticle Treatment on COD  

 

CHEMICAL OXYGEN DEMAND (COD) (mg/L)  

Afelele reveals a reduction in chemical oxygen demand values as treatment increased. Oyun 

showed a remarkable margin between control and 100ml/L treatment.  

 

Figure 13:  Varying Effects of Nanoparticle Treatment on DO 

 
 Figure 14:  Varying Effects of Nanoparticle Treatment on DO  

 

DISSOLVED OXYGEN (DO) (mg/L)  

The dissolved oxygen results shows considerable change when 25mg/L was added to both 

water samples but Afelele showed further reduction at 100ml. Oyun, however, shows 

same concentrations at 50/75ml/L treatments.  
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Figure 15: Varying Effects of Nanoparticle Treatment on BOD  

 

At the 25ml/l concentration treatment of Afelele, the B.O.D dropped considerably but remained 

same at the other higher treatment levels but Oyun showed a drop at 100ml/l treatment.  

 

LEAD (mg/L)  

There was zero concentration of lead in the control and different treatment samples.  

 

CADMIUM (mg/L)  

There is no presence of cadmium in both water sources.  

 

DISCUSSION 

The extract of the Jatropha curcus aqueous silver ions (AgNO3) were observed first to have been 

produced when the colour changed to yellowish brown. This indicates the reduction of the silver. 

The technique is similar to Gupta and Chauhan (2017).The formation of silver nanoparticles is 

caused by the surface resonance of the aqueous silver ions and was first observed after the 

addition of 1mM of silver nitrate. This was also reported  in a study by Nazeemat and Sugannaya 

(2014) that a yellowish brown colour appeared after the addition of aqueous  1mM of AgNO3 to 

Jatropha curcas plant stem extract.  

The characterization by UV vis spectroscopy of the mixture was done at wavelength range and 

showed a peak at 250nm with no other peak observed confirming that the product formed is only 

from Ag and this is also related to the research of Nazeemat and Sugnnaya (2014).  
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The particle size measured in the analysis of SEM confirms the particles formed are below 100nm, 

the recognized and acceptable range for nanoparticles (Xu et al., 2006).  

Nitrates and sulphates levels significantly higher in Oyun River sample as a result of farming 

activities in the surrounding land area which is not observed at Afelele vicinity. Increased fertilizer 

applications can result in increased levels of inorganic compounds e.g. NO3 and NO2 in run offs 

(Hagebro et al., 1983). Reduction of nitrates supported the death of microorganisms after 

treatment.  

Lead and cadmium were not present in both water samples due to the absence of industries that 
may channel such effluents. Both water sources are contaminated by municipal/domestic wastes 
which are known to be made of heavy metals and inorganic compounds. Nitrates and sulphates 
concentrations reduced with treatment and can be attributed to the process of nano adsorbency 
causing entrapment indicating between 40% to 50% removal which is similar to the findings of  
Rasool and Lee, (2016).  
As observed there is no significant impact on treatment of metallic components in the water 
samples this is partly due to poor metallic adsorption efficiency and interference between the 
silver ions present in the nanoparticle and the metallic ions in the water samples. In a study, Lei et 
al., 2014 stated that it is preferable to use iron oxides are pre cursors in nanoparticle preparation 
specifically for the removal of heavy metals because of the magnetite ability and easy separation 
and recovery from contaminated water and also emphasizing that to increase adsorption 
properties addition of ligands will assist the process e.g. the use of EDTA resulting in removal of 
heavy metals.  
C.O.D/BOD levels reduced as concentration doses increased because their densely concentrated 
levels are indications of affluent contamination particularly in ground waters. Comparatively, 
inhibitions of microbial growth by antimicrobial agents such as nan.oparticles invariably cause the 
removal or decrease of oxygen which can support the micro-species richness. Momodu and 
Anyakora (2010) also stated that the higher parameters such as C.O.D and B.O.D are in water the 
higher the risk of further contamination causing interference in the treatment process.  
The general trend in pH concentration shows that there is a slight fluctuation in Afelele between 
control and 75ml/l treatments but stabilized at the 100ml/l treatment.  
The pH of Oyun is very slightly alkaline at control but moves to very slightly acidic at 100ml/l. 
Although, the levels at the various treatments are within the stipulated limits by WHO which are 
between 6, 5 and 8.5 (U.S Geological study,1993) . 
The present study carried out the synthesis of nanoparticles using Jatropha curcas to bio-reduce 
silver nitrate and further confirmed using S.E.M and UV analysis. Also, investigated the 
physicochemical components of water from two different sources and it reveals that inorganic 
components such as nitrates and sulphates were successfully reduced after treatment with 
different increasing concentrations of produced nanoparticles. The heavy metals were however 
not effectively affected.  
 
CONCLUSION 
The research emphasizes the indispensible omnipresence of nanoparticles and usefulness of green 
chemistry approach to its effective and easy production. The results of this research contributes 
to the knowledge of removal of potentially dangerous contaminants from water via short term 
techniques using nanoparticles employed by comparing various physiochemical parameters  and 
desired potent biocidal effects and sequences.    
Clearly, there is an urgent need to create awareness for pressing environmental problems and to 
develop solutions in close cooperation between science, governments, industry, and other 
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relevant stakeholders. The research and development in the area of water treatment has to reach 
the real applications where needed as early as possible.  
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