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Abstract— Rapid industrialization has led to increase 

disposal of heavy metals into the environment. The 

tremendous increase in use of heavy metals over the past 

few decades has inevitably resulted in an increased flux of 

metallic substances in the aquatic environment. There are 

numerous methods currently employed to remove and 

recover the metals from our environment and many physico-

chemical methods have been proposed for their removal 

from wastewater. Adsorption is one of the alternatives for 

such cases and is an effective purification and separation 

technique used in industry especially in water and 

wastewater treatments. Cost is an important parameter for 

comparing the adsorbent materials. Therefore, there is 

increasing research interest in using alternative low-cost 

adsorbents. The use of tea waste as the low-cost adsorbents 

was investigated as a replacement for current costly methods 

of removing heavy metal ions from aqueous solutions. 

Experiment results showed that removal of Copper ion by 

tea waste at optimum condition (60 min. contact time, 

0.4g/100mladsorbent dose and 10ppm concentration) is 

maximum and then for Nickel & Ferrous ion respectively at 

optimum condition. 
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I. INTRODUCTION 

Toxic metals are mainly discharged by industries into fresh 

water streams and marines. The heavy metal pollution is the 

biggest problem of ground water [1]. Unlike the organic 

pollutants which are bio-degradable, heavy metal like Ni, 

Cu, Fe, Cd, Zn, Pb are not bio-degradable, thus, making 

them a source of great concern. Heavy metals bio-

accumulate in living organisms reaching levels that cause 

toxicological effects. Human health, agricultural 

development and the ecosystems are all at risk unless water 

and land systems are effectively managed [4, 2]. 

Many physico-chemical methods have been 

proposed for their removal from industrial effluents. 

Adsorption is an effective purification and separation 

technique used in industry especially in water and 

wastewater treatments. [3]. 

Cost is an important parameter for comparing the 

sorbent materials. Adsorption onto activated carbon is a 

well-known method for removing toxic metal ions, but the 

high cost of activated carbon restricts its use in developing 

countries. Byproducts of soybean and cottonseed hulls, rice 

straw and sugarcane bagasse were evaluated as metal ion 

adsorbents in aqueous solutions [5, 7]. 

The adsorption abilities of a number of low cost 

adsorbents (e.g., cheap zeolites, clay, coal fly ash, sewage 

sludge, agriculture waste and biomass) have been 

determined for the removal of heavy metals from water. 

Therefore, there is a need to look into alternatives to 

investigate a low-cost adsorbent which is effective and 

economic, for potential approach is the use of tea waste, Tea 

is one of the most popular beverages and about 3.5 million 

tons of tea was consumed annually in the world and in India 

yearly production of tea is approximately 857000 tonnes 

which is 27.4% of total world production, the amount of dry 

tea produced from 100 kg green tea leaves is 22 kg on 

average and approximately 18 kg tea is packed for the 

market. The other 4 kg of dry tea material is wasted. 

Amount of TW produced per year after processing is about 

190400 tonnes in India alone, very few investigators have 

investigated TW as an adsorbent for the removal of heavy 

metals. In last few years, a vast number of publications have 

been dedicated to the removal of heavy metals from waste 

water by using adsorption techniques with different low cost 

materials, in recent years; tea waste (TW) is also gaining 

grounds due to its potential to overcome heavy metal 

pollutants. Insoluble cell walls of tea leaves are largely 

made up of cellulose and hemicelluloses, lignin, condensed 

tannins and structural proteins. In this investigation 

experiment perform to evaluate the effectiveness of 

employing a tea waste for the adsorptive removal of Cu, Fe 

and Ni from wastewater, using batch experiment and 

isotherm studies to determine the adsorption capacities [6,8]. 

II. MATERIALS AND METHODS 

A. Chemicals 

Analytical grade reagents were used for heavy metal 

solution; ACS reagent grade concentrated sulfuric acid and 

NaOH were used to adjusted pH values of samples. In all 

experimental work, distilled demineralised water was used. 

B. Adsorbent 

Tea waste collected from tea stalls and restaurants were 

washed and boiled with hot water (100°C) up to colour 

removal. After colour removal it is dried in sunlight for 20 

days. This naturally dried material kept in the oven for 12 

hours at the temperature 55
0
c. The dried material converted 

into powder form by mixer and screened to size 200 mesh 

size. Again this powder dried at room temperature and then 

stored in plastic bags at room temperature. 

C. Adsorbate 

CuSO4.5H2O, FeSO4.7H2O and NiSO4.6H2O were 

obtained in analytical grade (Merck Co.) and used without 

further purification synthetic 1000ppm stock solution 

prepared for each metal. 

 Copper solution: 3.927 grams of CuSO4.5H2O was 

added in the 100ml of distilled water in 1000ml 

volumetric flask. It was dissolved by shaking and 

the volume was made up to the mark. Copper 

concentration of this solution was 1000 mg/l. 

 Ferrous solution:  7.0219 grams of FeSO4.7H2O 

was added in the 100ml of distilled water in 

1000ml volumetric flask. It was dissolved by 

shaking and the volume was made up to the mark. 

Ferrous concentration of this solution was 1000 

mg/l. 

 Nickel solution: 4.477grams of NiSo4.6H2O was 

added in the 100ml of distilled water in 1000ml 
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volumetric flask. It was dissolved by shaking and 

the volume was made up to the mark. Nickel 

concentration of this solution was 1000 mg/l. 

D. Glassware and Apparatus Used 

All glass wares (Conical flasks, Pipette, Measuring 

cylinders, Beakers, Petri plates and Test tubes etc.) used are 

of Borosil/Rankem.  

E. Analysis of Adsorbate 

Estimation of metals: The metals were estimated using 

standard methods as described by Al- Asheh(1) Copper as 

Cu (II) was determined spectrophotometrically at 312 nm. 

The residual concentration of ferrous and nickel were 

determined spectrophotometrically at 577nm and 392 nm 

respectively. 

F. Batch Mode Adsorption Studies 

The adsorption of heavy metals on tea waste was studied by 

batch technique. The general method used for this study is 

described as below: 

A known weight of tea waste adsorbent (0.2, 0.4, 

0.6 g adsorbent) was equilibrated with 100 ml of the each 

heavy metals (namely Cu, Fe and Ni) solution of known 

concentration (10, 20 and 50 ppm) in 12 stoppered borosil 

glass flask at room temperature. After equilibration, collect 

sample (10ml) from each flask in time interval of 20, 40 and 

60 minutes, the suspension of the adsorbent was separated 

from solution by filtration using Whatman No. 1 filter paper. 

The concentration of heavy metal ions remaining in 

solution was measured by uv visible spectrophotometer. The 

effect of several parameters, such as concentrations, contact 

time and adsorbent dose on the adsorption was studied. 

III. RESULTS AND DISCUSSION 

A. Effect of Contact Time 

Fig. 1, 2 and 3 shows the variation in the percentage 

removal of heavy metals with contact time using of tea 

waste adsorbent at varying initial metal ions concentration 

ranging from10ppm to 50ppm. It is observed that with 

increase in time absorbance goes on decreasing. It shows 

that at 20min absorbance is minimum i.e. concentration of 

metal ions in the product is minimum so 60 min is optimum 

time for removal of taken ions from the water. From graph 

we can also conclude that for CuSO4.5H2O it showing better 

removal ions than Fe and Ni. 

 
Fig 1: Effect of contact time on absorbance of copper ion by 

tea waste adsorbent 

 
Fig 2: Effect of contact time on absorbance of ferrous ion by 

tea waste adsorbent 

 
Fig 3: Effect of contact time on absorbance of nickel ion by 

tea waste adsorbent 

B. Effect of Adsorbent Dose 

The results for adsorptive removal of heavy metals with 

respect to adsorbent dose are shown in Fig. 4, 5 and 6 over 

the range 0.2 to 0.6gram/100ml, for 60minutes contact time. 

The percentage removal of heavy metals is seen to increase 

with adsorbent dose. From Fig., it is observed that there is a 

sharp increase in percentage removal with adsorbent dose 

for Ni, Cu and Fe ions. The maximum removal of Ni, Cu 

and Fe are found at 0.6 gram dose amount of tea waste 

adsorbent. It is apparent that the percent removal of heavy 

metals increases rapidly with increase in the dose of the 

adsorbents due to the greater availability of the 

exchangeable sites or surface area. Moreover, the percentage 

of metal ion adsorption on adsorbent is determined by the 

adsorption capacity of the adsorbent for various metal ions. 

 
Fig 4: Effect of adsorbent dose on absorbance of copper ion 

by tea waste adsorbent 
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Fig 5: Effect of adsorbent dose on absorbance of ferrous ion 

by tea waste adsorbent 

 
Fig 6: Effect of adsorbent dose on absorbance of nickel ion 

by tea waste adsorbent 

C. Effect of Concentration on Adsorption of Heavy Metals: 

Effect of concentration of heavy metals i.e. 10ppm, 20ppm 

and 50ppm was studied. It is found that at 10ppm 

concentration adsorption is maximum for all the metals. 

However adsorption capacity was found to be different for 

various metal ions. From Fig. 7, 8 and 9 we can conclude 

that removal of ions is better for Cu metal than Fe and Ni. 

 
Fig 7: Effect of Concentration on absorbance of copper ions 

 
Fig 8: Effect of Concentration on absorbance of ferrous ions 

 
Fig 9: Effect of Concentration on absorbance of nickel ions 

D. Comparison of Adsorbate (Cu, Fe, Ni) for Optimizing 

Parameters: 

1) Effect of Concentration: 

Effect of concentration on removal of metal ions was 

studied and from Fig. 10 we can say that Cu ion is showing 

better removal of ions than Fe and Ni. 

 
Fig 10: Effect of Concentration on absorbance for different 

ions 

2) Effect of Adsorbent Dose: 

Effect of adsorbent dose on the removal of heavy metal was 

studied and at 0.6gm removal of ions was found to be 

maximum and from Fig. 11 as Cu ion is showing least 

absorbance at 0.6gm of adsorbent weight than Fe and Ni 

ions. Thus from our observation CuSO4.5H2O is showing 

optimum behavior. 

 
Fig 11: Effect of Adsorbent dose on absorbance for different 

ions 

3) Effect of Time: 

Effect of time on the removal of heavy metal was studied 

and at 60min removal of ions was found to be maximum and 

from Fig. 12 as Cu ion is showing least absorbance at 60min 

than Fe and Ni ions. Thus from our observation 

CuSO4.5H2O is showing optimum behavior. 
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Fig 12: Effect of Time on absorbance for different ions 

IV. CONCLUSION 

Tea waste is a cheap and effective adsorbent for the removal 

of Cu, Fe and Ni ions from wastewater without requiring 

any pretreatment. Experiment results showed that  removal 

of Copper ion by tea waste at optimum condition (60 min. 

contact time, 0.6g/100ml adsorbent dose and 10ppm 

concentration) is maximum and then for Nikel & Ferrous 

ion  respectively at optimum condition ( 60 min. contact 

time and 0.6g/100ml adsorbent dose, 10ppm concentration). 

These experimental studies on adsorbents would be quite 

useful in developing an appropriate technology for the 

removal of heavy metal ions from contaminated industrial 

effluents. 
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