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Abstract The metal bio-adsorption is the removal of metal ions by inactive, nonliving biomass due to highly attractive 

forces present between them. The use of Agro-industrial wastes as raw materials to reduce cost production and pollution. 

The method designed based on Agricultural Waste as a compost and bio-adsorbent for detoxification of Heavy Metals and 

Toxic contaminations from soils. In current study the potential of conventional beverage black tea residue which is thrown 

away in many houses and  produced by an infusion of leaves of the evergreen shrub Camellia sinensis, a member of the 

aceae family and also one of popular herbal tea, sage leaves(Salvia officinalis) which mostly consumed by people due to 

medicinal properties. Some factors and various parameters like initial concentration, pH, contact time, temperature, 

agitation speed and bio-adsorbent dose were studied. One way analysis of variance (ANOVA) was used for data analysis to 

measure the variations of metal concentrations using SPSS 22.0 software. Effect of various pH; temperature; dose of S. 

officinalis in comparison of black tea residue after infusion of 10 minutes separated and studied on remediation and 

detoxification of contaminated wastewater effluent from pharmaceutical laboratories effluents in different contact times and 

initial concentrations, particle size and agitation speed were studied . The samples were analyzed by standardized 

international protocols. The best results of cadmium and cobalt removal obtained by S. officinalis (0.5%) while black tea 

residues (0.5%) after 2 weeks revealed the best results. Further increase in contact time more than 48 hours did show 

significant increase in bio-adsorption potential and agitation factor showed a significant role (p < 0.001) in adsorption 

process. The results of current study revealed that using S. officinalis and black tea residue have the high potential of 

removing and decreasing cadmium, cobalt and nickel concentrations significantly (p< 0.03) from wastewater but the black 

tea bio-mass has significant more potential (p < 0.05) in removal of Cadmium and Cobalt. 
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Introduction 

 

According to previous studies in Iran, large scale 

industrialization is mainly responsible for severe and high 

levels of heavy metal concentrations in the farmlands and 

regional environments. This threatens not only to the 

physical well-being of individuals but endangers "human" 

existence physically, sociologically and psychologically 

[1-12].The heavy metals toxicity lead to biogeochemical 

impacts on neuronal disease and synergist concomitant 

violence in society and general poor health , which is in 

remarkable and critical state for elderly people as well as 

young generation. The accumulation of toxic and heavy 

metals is the natural geological and geogenic and 

environments input of metal (oids) [1, 13-15]. Metals in 

pathology are an ever increasing issue for health. 
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Geological releases of cadmium to soil, surface and ground 

waters is diverse and even includes aerosols. Hydrothermal 

degassing emissions through fumarolic, diatreme and larger 

volcanic vents to atmosphere add significant Cd to the food 

chain [1]. What is urgent needed in many developing 

countries and even developed ones is apply geochemical 

and mineralogical techniques to pathology and the study of 

internal metabolic pathways and cell signaling. Both 

essential and harmful links between Earth materials and 

human health should be more fully concerned particularly 

excesses or deficiencies of elements, ions and key 

micronutrients such as iodine, selenium, iron, arsenic, and 

radon. Although as trace elements some heavy metals are 

required in to maintain the human body metabolism. 

Unfortunately poisoning naturally occurs at higher contents 

of such heavy metals. Heavy metals are dangerous and 

toxic in nature because they tend to bio-accumulation 

living cells where the concentration of a specific chemical 

or a heavy metal increases the non-degradable toxic in 

nature [1, 16-23]. In current study we focused on some 

heavy metals such as Cadmium, Cobalt and Nickel due to 

the abundance of them in pharmaceutical effluents from 

educational and research laboratories in Pharmaceutical 

faculty in Tehran Medical Sciences, Islamic Azad 

University and the high risk factors of these elements and 

on the other hand the project of   programs of managing 

waste materials. The programs of managing waste 

materials in developing countries are often unsatisfactory 

and the unreasonable disposal of waste is a major issue 

worldwide [24-26]. Likewise, conventional methods of 

remediation of water and soil are particularly expensive 

and energy consuming and the elevated costs involved in 

removal of toxic substances from contaminated water and 

soils prevent repudiation from being carried out; especially 

in areas of little money-making value [27-31]. In current 

study wastewater generated from the educational and 

research pharmaceutical laboratories varies drastically in 

the pH ranging from acidic to alkaline For example, the pH 

of an alkaline waste stream from a synthetic organic 

pharmaceutical plant ranges from 9 to 10, whereas a pH of 

0.8 has been reported for acidic waste streams7, 8 and from 

Toxicology laboratory and also Nutrition and Food 

Industries Research center 2-4.Nevertheless, almost all 

types of waste streams produced from the pharmaceutical 

research laboratories are either alkaline or acidic.The use of 

bio-adsorbents for removal of toxic heavy metals from 

waste offers a relatively low-cost method with potential for 

metal recovery [30-32].  

Adsorption has come out as effective, low-cost, 

environmentally and ecofriendly treatment technique for 

treating contaminated soils and wastewaters [14-32]. The 

removal or decreasing of toxic and heavy metals by using 

low cost  agricultural or food waste adsorbent found to be 

more supportive in prolonged designation as there are 

considerable components existing locally and profusely 

such as natural materials, agricultural wastes or Food 

industrial by-products which can be applied as 

environmentally and economic adsorbents[33]. 

Agricultural waste as a bio-adsorbent for detoxification of 

Heavy Metals and Toxic contaminations from wastewater 

could be one of the best low-cost and effective methods 

nowadays. The technique of adsorption is defined as a 

process where the atoms, ions or molecules of dissolved 

solids from liquid grips on the surface of solid; i.e. it is a 

process of mass transfer in which the dissolved solid from 

liquid gets deposited on the surface of solid because of 

physical / chemical interaction. 
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In this study we focused on two tea residues (black and 

herbal Sage tea). Salvia officinalis L. (Sage) is a perennial 

round shrub in the family of Labiatae/ Lamiaceae. Plants 

of this genus grow all over the world and the specie 

of S. officinalis is native to Middle East and Mediterranean 

areas. Today's, it has been naturalized throughout the world 

particularly in Europe and North America [34-36]. Because 

of its flavoring and seasoning properties, this plant has 

been widely used in preparation of many foods. In folk 

medicine of Asia and Latin America, it has been used for 

the treatment of different kinds of disorders including 

seizure, ulcers, gout, rheumatism, inflammation, dizziness, 

tremor, paralysis, diarrhea, and hyperglycemia [37 -38]. 

Particularly, it is due to the presence of certain functional 

groups, such as amine, carboxyl, hydroxyl, phosphate, 

sulfhydryl etc., on the cell wall of the biomass. In current 

study, the main goal is finding suitable green method for 

some heavy metals such as Cadmium, Nickel and Cobalt 

removal from pharmaceutical effluent laboratories by 

bio-mass of tea residues as a cheap citrus waste in a batch 

system by considering the effects of various parameters 

like initial concentration, pH, contact time, agitation speed 

and bio-adsorbent dose.  

 

Materials and Methods  

Pharmaceutical Effluent  

Effluents from 5 research laboratories in pharmaceutical 

Faculty, Tehran Medical Sciences, including, Nutrition and 

Food Sciences Research Center (Effluent 1&2), 

Educational and research Toxicology labs (Effluent 3&4), 

Analytical chemistry (Effluent 5) were used in current 

study. Effluent 1 and 2 were from the same laboratory but 

were collected on separate occasions with a 2 week time 

interval. Although Effluent 1 and Effluent 2 come from the 

same wastewater treatment plant, they were examined and 

considered as 2 different effluents due to the variability of 

their characteristics. The characteristic is attributed to the 

significant experiments which occurred following the first 

sampling event. After collection, the wastewater effluent 

was instantly transported to the main research laboratory 

for analysis. Physico-chemical parameters such as Total 

Solids, Total hardness, pH, Electrical Conductivity, Total 

Dissolved Solids, Chloride, Sulphate, Dissolved oxygen, 

Nickel, Cadmium, Lead, Zinc, Copper, Chrome, 

Manganese, Iron and Potassium were analyzed as per the 

standard methods and results showed in table 1.  

The initial concentration of heavy metals/metalloid such as 

Nickel, Zinc, Copper, Cobalt and Lead in the untreated 

effluents and treated by herbal tea residue from Salvia 

officinalis L. (Sage), and also black tea residue were 

analyzed. After especial times: 48, 72 hours and 1 and 2 

weeks (by/without stirring) final concentration of heavy 

metals in effluent samples were analyzed using Atomic 

Absorption Spectroscopy. The samples were analyzed by 

an Atomic Absorption Spectrophotometer Model AA-6200 

(Shimadzu, Japan) using an air-acetylene flame for heavy 

metals and using six standard solutions for each metal. All 

required precautions were taken to avoid any possible 

contamination of the sample as per the AOAC guidelines 

[31-36].The efficiency of conventional and herbal tea 

residues in bio-adsorbing Cobalt, Cadmium and Nickel was 

investigated.  

 

Material preparation 

Black tea and herbal tea residues were collected from 

recognized centers and coffee shops and even from 

household thrown away in Tehran in July 2018 – March 

2020. 
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Thereafter, the residues samples were subjected to a 

crusher to reduce particle sizes and then dried again for 4 

hours at 85°C. The powder of residues used during the 

Bio-adsorption study was at natural state with no chemical 

or thermal treatment.  

 

Chemicals 

All the chemicals used in current project were of analytical 

grade and actual Pharmaceutical effluent and wastewater 

samples were collected in 5 groups of 5L bottles from 

Chemical Laboratories After collection, the wastewater 

effluent was instantly transported to the main research 

laboratory for analysis. Physico-chemical parameters such 

as pH, Dissolved oxygen, Total Solids, Total hardness, 

Electrical Conductivity, Total Dissolved Solids, Chloride, 

Sulphate, Calcium, Sodium, Cadmium, Lead, Nickel, Zinc, 

Copper, Chrome, Manganese ,Iron and Potassium were 

analyzed as per the standard methods [ 25-26, 39 ].   

The synthetic Sigma-Aldrich stock solution of Cd
+2

, Ni 
+2 

and Co
+3 

(1000mg/L) were used for making standard 

solutions. The desired concentrations of six standard 

solutions for the metals were prepared by successive 

dilutions of the stock solution. 

 

Adsorbent particle size 

The crusher sieve was used for the reduction of particle 

size of the dried black and herbal tea residues samples and 

for particle size distribution, respectively. The sieves were 

mechanically vibrated for 10 minutes which was sufficient 

for separation to take place. The particle size range used in 

this study was 0.15 mm to 5 mm. 

 

Statistical Analysis 

The values reported in current study are means of three 

values. Data were tested at different significant levels using 

student t-test to measure the variations between the 

contaminations in wastewater and the dose of 

bio-adsorbent and contact time parameters before and after 

treated by tea residue bio-adsorbents in 2 forms of black 

and herbal (sage) tea. One way analysis of variance 

(ANOVA) was used for data analysis to measure the 

variations of metal concentrations using SPSS 22.0 

software (SPSS Inc, IBM, Chicago, IL). 

 

Results  

The samples were analyzed by wet digestion method and 

standardized international protocols [39] were followed for 

the preparation of material and analysis of Cadmium, 

Nickel and Cobalt contents and analyzed by Atomic 

Absorption Spectrophotometer in Research Laboratory of 

Nutrition and Food Sciences Research Center, in 

Pharmaceutical faculty, Tehran Medical Sciences. The data 

obtained from chemical analyses, mean values were 

calculated and are given in the table 1. The results of 

characteristics of pharmaceutical effluent from all samples 

gathering from all laboratories in November 2019 were 

analyzed are showed in table 1.
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Table 1- Characteristics of studied Pharmaceutical Effluent from Pharmacy Faculty 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

As compared to BOD, COD was very high which is normal for pharmaceutical effluent of such educational and research laboratories especially 

for toxicology studies. The minimum and maximum values ranged between 2011–2600 and mean of 2573 mg/L and the average values ranged 

between 1200 – 7200and mean of 2448 mg/L for the studied effluent. 

 

The effect of the concentrations of adsorbent on the 

removal of Cd +2 ions by Black tea residue is depicted 

in figure 1, for varied adsorbent doses of 0.1%, 0.2%,0.3%, 

0.4%, 0.5%, w/v .The results revealed that the potential of 

0.5% Bio-adsorbent after 2 weeks by stirring the 

wastewater solution can decrease the 6.54 mg/Lit to the 

0.767 mg/Lit Cadmium content which means black tea 

bio-mass removed significantly 88.27% by waste low-cost 

material ( p < 0.002 ). In less contact time of 72 hours and 

only 5% bio-mass the results showed that decreasing of Cd 

was significantly effective (p < 0.03).  

 

Parameters Concentration Range Average 

pH 0.18  – 6.8 4.1 

BOD5 (mg/L): Biological oxygen 

demand 
2011–3241 2600 

COD (mg/L): chemical oxygen demand 1200 – 7200 
2448 

 

TSS (mg/L): total suspended solids 30 – 65 
43 

 

Total alkalinity as CaCO3(mg/L) 70 – 1540 
780 

 

Lead (mg/L) 1.112 – 21.303 8.561 

Tin (mg/L) 0.9 – 11.4 6.5 

Cadmium (mg/L) 3.581 – 10.041 6.54 

Mercury (mg/L) 0.11 – 0.38 
0.19 

 

Nickel  (mg/L) 110.19-376.81 
323.12 

 

Cobalt (mg/L) 51.651-105.005 87.156 

Chromium (mg/L) 5.89 – 10.54 6.09 

Chloride (mg/L) 500 – 1360 894 

Sulfide (mg/L) 2-18 8 

Nitrate (mg/L) 350-1980 
1100 
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Figure1. Effect of contact time on the removal of cadmium (initial Cd concentration=6.543 mg/Lit,bio-adsorbent 

dose=0.1% ,0.2%,0.3%,0.4% and 0.5% W/V black tea residues in pharmaceutical Effluent,temperature=25 ± 2 ºC,agitation speed= 200 rpm), 

pH = 4.1. 

 

Results in figure 1 showed significant difference in 

Cadmium up -taking by bio-adsorbent after 48 and 72 

hours and also 7 days (1 week) without stirring. The data 

showed that accomplishing of agitation speed=200 rpm 

during 1 week and 14 days (2 weeks) and the same 

experience but without stirred have significant differentiate 

(p<0.05) , but the potential of taking up Cadmium was 

increased significantly between 2 week with agitation 

speed by 2 weeks in statistic state (p<0.002 ).Moreover, 

time factor of putting adsorbent in contaminated effluent 

wastewater by cadmium in the study showed significant 

effect (p<0.05) and positive correlation with contents of Cd 

(r = +90 to r = +94), in the contaminated wastewater and 

black tea residue in one week contact respectively. The 

amounts of Cadmium adsorbed increased significantly with 

increase contact time (p<0.001).The other factor of stirring 

solution also showed significant agent to decreasing and 

removal of heavy metal from wastewater (p<0.002). The 

data revealed that utilizing 0.5 % bio-adsorbent of Black 

tea residue as a household waste has the great potential of 

removing 88% of cadmium at room temperature,which 

introduce a green environmentally method for 

detoxification of wastewaters.  

 

stirred stirred

48h 72h 1week 1week 2week 2weeks

0.1% Tea 4.889 4.856 4.408 3.556 3.721 2.675

0.2% Tea 4.376 4.667 4.321 3.333 3.616 2.548

0.3% Tea 4.318 4.559 4.021 2.989 3.123 2.437

0.4% Tea 4.111 4.306 3.894 2.841 3.006 2.408

0.5% Tea 3.809 4.008 3.444 2.643 2.989 2.001
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Figure 2. Effect of contact time on the removal of Cobalt (initial Co concentration=87.165 bio-adsorbent dose=0.1%, 0.2%, 0.3%,0.4% and 

0.5% W/V  black tea residues  in pharmaceutical Effluent , temperature=25 ± 2 ºC, agitation speed= 200 rpm), pH = 4.1. 

 

On the contrary of all data and results of cadmium removal 

and the stirring agent as the most important factor in figure 

2 results showed significant difference in Cobalt up -taking 

by bio-adsorbent after 72 hours and 7 days and also 7 days 

(1 week) with stirring. The data showed that accomplishing 

of agitation speed=200 rpm during 1 week and 14 days (2 

weeks) without stirred have no significant differentiate (p ≥ 

0.05),but the potential of taking up Cobalt was increased 

significantly between 2 week with agitation speed by 2 

weeks in statistic state (p<0.001 ) and Cobalt content in 

untreated sate 87.165 mg/Lit after 2 weeks contact time 

decreased to 30.188 mg/Lit which prove that biomass of 

adsorbent can reduce 65.37% of heavy metal.Moreover, 

time factor of putting adsorbent in contaminated effluent 

wastewater consist of high concentration of Cobalt in the 

study showed significant effect (p<0.032 and positive 

correlation with contents of Cd (r = +889 to r = +92), in the 

contaminated wastewater and Black tea residue in one 

week contact respectively. The amounts of Cobalt adsorbed 

increased significantly with increase contact time (p<0.003) 

in agitated conditions.The other factor of boosting 

bio-adsorbent also showed significant factor to decreasing 

and removal of heavy metal from wastewater (p<0.001) 

and best results achieved in presence of 0.5% residue  and 

more concentrations of black tea had not significant effect 

on removing Cobalt removal. Therefore the higher content 

of bio-mass would not reveal in this paper.  

(stirred ) (stirred )

48h 72h 1week 1week 2week 2weeks

0.1% Tea 84.879 81.992 79.444 68.889 72.098 63.222

0.2% Tea 82.605 80.056 78.043 68.673 70.553 58.778

0.3% Tea 80.204 78.667 76.428 67.045 68.759 54.876

0.4% Tea 78.667 76.335 76.444 62.194 67.059 52.389

0.5% Tea 78.562 77.652 75.876 56.437 65.328 50.188
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Figure 3. Effect of contact time on the removal of Nickel (initial Ni concentration=323.12 bio-adsorbent dose=0.1%, 0.2%, 0.3%,0.4% and 

0.5% W/V black tea residues in pharmaceutical Effluent, temperature=25 ± 2 ºC, agitation speed= 200 rpm), pH = 4.1. 

 

The results shown in figure 3,regarding Nickel removal 

from contaminated wastewater revealed that even utilizing 

very low concentration of bio-mass waste and residue of 

black tea has the remarkable and significant potential 

(p<0.001) in current green and eco-friendly project. After 2 

weeks contact time there is no significant difference among 

percentage of Black tea wastes and in all concentrations the 

decreasing Nickel significantly removed most part of 

heavy metals (84.5%). By 0.5% bio-adsorbent and after 2 

weeks contact time and agitation of 200 rpm,the initial 

concentration of Nickel declined to 50.61 mg/Lit;which 

means 84.34% efficacy and significant detoxification of 

pharmaceutical effluents (<0.001).   

In the second part of current study we have caparisoned the 

potential of Sage and herbal tea by black tea residues. As it 

is shown in figure 4, Cadmium removal in presence of the 

same percentage of biomass on the same pharmaceutical 

effluent was investigated.  

(stirred ) (stirred )

48h 72h 1week 1week 2week 2weeks

0.1% salvia officinalis 234.39 200.84 196.56 170.44 185.45 160.02

0.2% salvia officinalis 230.45 196.27 190.43 167.82 180.54 158.73

0.3% salvia officinalis 228.79 190.84 187.43 165.73 178.37 157.67

0.4% salvia officinalis 225.67 185.34 180.38 160.34 173.28 154.33

0.5% salvia officinalis 222.06 183.06 176.36 160.11 167.56 150.61
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Figure 4. Effect of contact time on the removal of cadmium (initial Cd concentration=6.543 bio-adsorbent dose=0.1% ,0.2%,0.3%,0.4% and 

0.5% W/V Sage Herbal tea residues in pharmaceutical Effluent,temperature=25 ± 2 ºC, agitation speed= 200 rpm), pH = 4.1. 

 

 

Sage herbal tea residue and results revealed the potentially 

increased from 70.93. % by 0.5% biomass which means 

that treated by chelation agents with the increase of the 

potential of bio-absorbent, removal ability of heavy metals 

by sage leaves tea residue without treatment by any 

chemical ingredients and in different varied from 40.21% 

to 70.93% depending on different concentrations of 

bio-adsorbents and also agitation speed and the best results 

obtain in 0.5% sage leave tea residue temperature=25 ± 1 

ºC, agitation speed= 200 rpm in pH = 4.1. 

Results in figure 4 in presence of 1% up to 5% biomass 

wastes showed significant difference in Cadmium up 

-taking by bio-adsorbent after 48 and 72 hours and also 7 

days/14 days [1 and 2 week(s) ] without stirring and also 

stirring. The data indicated that accomplishing of agitation 

speed= 200 rpm during 1 week and 14 days (2 weeks) 

without stirred have significant differentiate (p < 0.05) just 

like black tea bio-mass concentrations of adsorbents in this 

study, but the potential of taking up Cadmium was 

increased significantly between 2 week with agitation 

speed by 2 weeks in statistic state (p<0.001 ) and Cadmium 

content in untreated sate 6.543 mg/Lit after 2 weeks 

decreased to 2.005 and 1.902 mg/Lit respectively which 

prove that biomass of adsorbent can reduce significant 

toxic heavy metal but the potential of sage wastes are lower 

than black tea residues.  

 

stirred stirred

48h 72h 1week 1week 2week 2weeks

0.1% sage Residue 4.301 4.105 3.529 2.785 3.005 2.111

0.2% sage Residue 4.265 3.879 3.106 2.342 2.702 2.007

0.3% sage Residue 4.108 3.667 2.904 2.176 2.549 1.964

0.4% sage Residue 4.003 3.506 2.785 2.006 2.459 1.943

0.5% sage Residue 3.954 3.427 2.507 2.005 2.347 1.902
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Figure 5. Effect of contact time on the removal of Nickel (initial Ni concentration=323.12 bio-adsorbent dose=0.1% ,0.2%,0.3%,0.4% and 0.5% 

W/V Viola Herbal tea  residues  in pharmaceutical Effluent , temperature=25 ± 2 ºC, agitation speed= 200 rpm), pH = 4.1. 

 

The results of the increasing adsorbent to 0.5% in figure 5, 

showed significant differences in Nickel up -taking by 

bio-adsorbent after 48.But despite of other previous 

concentration it can be observed that passing time up to 1 

week has no significant difference by 72 hours (p ≥ 0.05) 

and also 7 days (1 week) with stirring by 2 weeks without 

stirring too. The data showed that accomplishing of 

agitation speed= 200 rpm during 1 week and 14 days (2 

weeks) with stirred have significant differentiate (p <0.05). 

Nickel content in untreated sate 323.1mg/Lit after 2 weeks 

decreased to 180.54 mg/Lit which has no difference by 0.5% 

concentration of biomass.  This content of adsorbent can 

reduce 44.13% in pharmaceutical effluent which means 

removal by sage tea residue has less potential in comparison 

by black tea residue.   

 

 

(stirred ) (stirred )

48h 72h 1week 1week 2week 2week

0.1% sage Residue 289.16 274.88 247.21 212.26 220.82 200.16

0.2% sage Residue 278.65 265.39 240.83 200.45 206.56 190.33

0.3% sage Residue 268.98 260.11 236.72 195.63 200.65 187.04

0.4% sage Residue 256.67 245.38 230.17 190.77 193.28 185.24

0.5% sage Residue 250.42 240.98 221.84 182.29 190.82 180.54
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48h 72h 1week 1week 2week 2weeks

0.1% sage Residue 80.474 76.567 65.444 56.782 61.222 50.432

0.2% sage Residue 78.941 73.452 62.107 52.37 58.092 48.442

0.3% sage  Residue 70.444 70.043 60.556 50.111 54.333 48.431

0.4% sage Residue 70.406 70.007 58.564 49.876 51.208 48.426

0.5% sage Residue 70.367 68.694 57.431 48.885 50.703 48.403
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Figure 6- Effect of contact time on the removal of Cobalt (initial Co concentration=87.156 bio-adsorbent dose=0.1%,0.2%,0.3%,0.4% and 

0.5% W/V Viola Herbal tea residues in pharmaceutical Effluent , temperature=25 ± 2 ºC, agitation speed= 200 rpm), pH = 4.1. 

 

 

As Cobalt contents compared between the final results of 2 

weeks contact time by 0.5 % bio-adsorbent (48.403 mg/Lit) 

to the untreated initial concentration (87.156 mg/Lit), the 

manifest removal trend was observed but not as much as 

bio-adsorbent of black tea residue.  

Results in figure 6 in presence of 0.1%, 0.2%, 0.3%, 0.4% 

and 0.5% showed significant difference in Cobalt up -taking 

by bio-adsorbent after 48 by 72 hours contact time in any of 

studied contents of bio-mass of bio-adsorbents but at 72 

hours and also 7 days (1 week) without stirring no 

significant differences between removal of heavy metal 

(p≥0.05).The data showed that accomplishing of agitation 

speed= 200 rpm during 14 days (2 weeks) without stirred 

have significant differentiate (p<0.02) just like lower 

concentrations of adsorbents in this study, but the potential 

of taking up Cobalt was increased significantly after 2 week 

with agitation speed reached the maximum rate of removal 

(p<0.001 ) . 

 

Discussion 

 

The results of current study revealed that cadmium, Nickel 

and Cobalt adsorption ranged from 43-88 % after agitation 

for different bio-adsorbents and also contact time and 

different doses regarding agitated states. On the whole all 

results by black tea residues has better results in 

detoxification of all studied heavy metals: Cadmium, 

Nickel and Cobalt although in this green ecofriendly and 

low cost method we did not use any chemical compounds 

as ligands and boosting higher efficacy. Results showed 

that low-cost and available bio- adsorbents can be fruitfully 

used for the removal of heavy metals with a very few 

concentration range of 0.1 up to 0.5 mg/lit. It also was found 

that the percentage removal of heavy metals was dependent 

on the chemical composition of tea residue as black tea has 

more potential rather than sage tea residues; dose and 

particle size of low cost adsorbent and adsorbent 

concentration. The contact time necessary for maximum 

adsorption was found to be 2 weeks. The optimum pH range 

for Cadmium, Cobalt and Nickel all studied in 4.1.   

Results from this investigation revealed that Bio-adsorbent 

dose is one of the most important factors which affect 

significantly on influence specific uptake of all studied 

samples of wastewater effluent, but contact time was more 

effective factor significantly (p<0.05).Generally, for low 

bio-adsorbent dose, there is an enhanced heavy metals 

sorption for heavy metals Sorption capacity of different 

bio-adsorbents have been observed the significant effect 

based o chemical compounds and functional groups which 

working as ligands and bonding metals from 

pharmaceutical effluents. 

Recently the utilization of many by-products or agricultural 

and Food industry wastes and also seaweeds, yeasts, and 

other dead microbial biomass for removal of heavy metals 

has been noticed [40-42]. Nowadays attention has been 

focused on the biomaterials which are byproducts or the 

wastes from large scale industrial operations and 

agricultural waste materials. The major advantages of 

bio-sorption over conventional treatment methods include: 

low cost, high efficiency, minimization of chemical or 

biological sludge, no additional nutrient requirement, and 
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regeneration of bio-sorbents and possibility of metal 

recovery [21-24,28].Agricultural materials particularly 

those containing cellulose shows potential metal 

bio-sorption capacity [32, 43-47] . The basic components 

of the agricultural waste materials biomass include 

hemicellulose, lignin, extractives, lipids, proteins, simple 

sugars, water hydrocarbons, starch containing variety of 

functional groups that facilitates metal complexation which 

helps for the sequestering of heavy metals [48-50]. 

Agricultural waste mostly recommended as the materials 

being economic and ecofriendly due to their unique 

chemical composition, availability in abundance, 

renewable, low in cost and more efficient are seem to be 

viable option for heavy metal remediation.  

 

Conclusion 

 

The strong point of this environmentally green project was 

regeneration of bio-sorbent and recovery of metal ions and 

immobilization of the waste material for enhanced 

efficiency and recovery. Due to more consumption of 

herbal tea for medicinal properties it could be great 

achievement to reuse even the wastes and residue of 

them .One of the major advantage of current method is the 

applied adsorbent used in the experimental work is a 

home-made waste and also commercially available from 

coffee shops, most offices and even restaurants, and they 

are the waste of popular nonalcoholic beverage in many 

countries that could be collected in every house with no 

cost in fact. We highly recommend that to study the 

mechanism, which is necessary to have the exact 

information about the cell wall structure of the biomass as 

well as the solution chemistry and also other popular herbal 

teas such as Chamomile, Ginger, Rooibos, Lemon Balm 

and other ones.  
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