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This study investigated the ability of three common food wastes (eggshell, potato peel, and tea waste) as low cost 
and environmentally friendly bio sorbent for Chromium (Cr) and manganese (Mn). The effect of three parameters 
(wastewater pH biosorbent dose, and contact time on removal of heavy metal (HM) removal efficiency were studied, 
where heavy metal removal increased as each of these three parameters increased. Of the three wastes studied, tea 
waste was the most efficient biosorbent, with potato peel waste being less active in adsorption than tea waste, and 
eggshell having the least ability to adsorb HMs. Irrespective of the waste used Cr was adsorbed in higher amounts 
than Mn. The adsorption data were fit to both the Langmuir and Freundlich adsorption isotherms the data best fit 
the Langmuir model when tea waste adsorbed Cr and the results fits more suitable under freundlich when egg shell 
absorbed Mn. 
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INTRODUCTION

Globally Heavy Metal (HM) pollution of water ways by 
various industries including metal processing, battery 
manufacturers, hospitals, pharmaceuticals, and mining is a 
major issue King et al. (2006). HMs are a major concern 
because they are non-biodegradable and can accumulate in 
organisms causing diseases and detrimental effects such as 
anemia, high blood pressure, toxicity and coma Orodu et al. 
(2014). Thus efficient removal of HMs from contaminated 
water is of high priority and a variety of remediation approaches 
have been successfully used to achieve this goal. Some of the 
most common techniques have included adsorption on ion-
exchange resins and activated carbons, precipitation Bailey et 
al. (1999); Saka et al. (2012), reverse osmosis, Rengaraj et al. 
(2001) electrodialysis, (Gadd, 1993). Solvent extraction, 
phytoextraction, ultrafiltration Kizilkaya et al. (2010), and 
coagulation/flocculation (Lai and Lin, 2003). All of these 
methods, while generally successful under the right conditions 
do have some limitations. The two major concerns which have 

restricted the widespread uptake of such traditional technologies 
is that they are relatively expensive and often involve the use of 
environmentally harmful chemicals. The use of biosorption is a 
cheap and environmentally friendly alternative to such 
traditional techniques, where environmental biosorption is 
specifically defined as adsorption which uses plant and animal 
remains (i.e. agricultural waste) as the main adsorptive 
components (Chang and Chen, 2005; Prasad and Saxena, 
2004). For example, adsorbents derived from cellulosic lignin 
material generally have good removal efficiencies for many 
HMs Coelho et al. (2007). A wide range of common waste 
biosorbents have been used for HM adsoption. Suyama et al. 
(1994) used eggshell membrane to accumulate three metals, 
Au, Pt, and Pd, from dilute aqueous solution with efficiencies 
of 55, 25, and 22, respectively Suyama et al. (1994). Arunlertaree 
et al. (2007) also found eggshells had some capacity to remove 
lead from battery manufacturing wastewater where the contact 
time, initial pH, eggshell dose, affected removal efficiency 
Arunlertaree et al. (2007). Likewise, Tabatabaee et al. (2016) 
used a variety of waste products including almond skin, walnut 
shell, sawdust, rice bran, and eggshell to adsorb four HMs (Cd 
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(II), Cr (II), Ni (II), and Pb (II) from aqueous solution and 
compared the removal efficiency with two traditional materials, 
activated carbon and an ion exchange resin. They found that the 
best removal was achieved with waste eggshell which was very 
close to the efficiency observed for activated carbon Tabatabaee 
et al. (2016). Low-cost adsorbents are not solely useful for 
removing HMs and they can also be applied for the removal of 
other common wastewater pollutant For example, Mohammed-
Ridha and Abdul-Ahad (2014) used barley husks and eggshells 
to remove Levofloxacin from synthetic wastewater. 
Levofloxacin is an antibacterial agent which becomes a high 
environmental risk when contaminates aquatic environments 
(Mohammed-Ridha and Abdul-Ahad, 2014). Kanyal and Bhatt 
(2015) also found that large scale removal of HMs could be 
achieved using inexpensive household wastes (Kanyal and 
Bhatt, 2015). They showed that chicken eggshells, banana 
peels, and pumpkins could all be used as good biosorbents for 
Cu and Pb. This study also investigated the effects of various 
parameters (pH, agitation speed, and contact time) and found 
the optimal removal was achieved within 90 min at pH 7 and 
100 rpm. Cheraghi et al. (2015) used waste tea leaves to remove 
Pb from aqueous solution with a maximum removal efficiency 
of 97.9%, where the initial metal concentration, amount of 
adsorbent, temperature, contact time, and pH all affected Pb 
(II) adsorption, which generally decreased as the initial metal 
concentration increased Cheraghi et al. (2015). The capability 
of eggshell derived adsorbents to adsorb Cu(II) and Cd(II) ions 
from aqueous solution was also effected by temperature, 
agitation speed, initial metal concentration, adsorbent dose, 
initial solution pH, and contact time Abd Ali et al. (2016). 
Eggshells were successfully used by Koçyiğit and Şahin, 
(2017) as a low–cost adsorbent to remove many different HMs 
from aqueous solution, where the removal effectiveness was 
attributed to the high concentrations of both carbon and calcium 
and the high porosity and availability of functional groups on 
the eggshell surface, where pH, egg concentrations and contact 
time all affected removal efficiency (Koçyiğit and Şahin, 2017). 
Jayan and Anitha, (2015) also found that in addition to the use 
of egg shell as a biosorbent for HM adsorption, eggshell could 
also be used as an alternative to traditional sand filter media. 
Instead of sand, Jayan and Anitha egg shell powder mixed with 
Chitosan could be used instead of a sand filter with high 
removal efficiencies for Pb (97.8%) and Cu (94.11%). (Jayan 
and Anitha, 2015). Abdulsalam et al. (2014) used two novel 
agricultural by-products, oil-free Moringa oleifera cake and 
sweet potato peel, to remove Cr (VI) ions from tannery 
wastewater; where the biosorbent was applied in both a 
modified and an unmodified form (Abdulsalam, 2014). 
Bisorbent modification involved treating oil-free Moringa 
oleifera powder separately with 6 N HCl (acid treatment) and 1 
N NaOH (alkaline treatment) for one hour prior to filtration 
and, washing thoroughly with distilled water to obtain a clear 
(turbidity free) mixture. . In each case the water layer was 
removed and the treated oil-free Moringa oleifera powder 
dehydrated in an oven at 50˚C for 24 h until a constant weight 
was obtained. Such modifications improved Cr (VI) removal, 
with removal efficiencies of 59% and 74% of unmodified and 
modified samples, respectively, which was attributed to 
enhanced surface metal-binding capacity of the biosorbent 

upon modification. Abdul-Raheim et al. (2015) used potato 
peel to prepare nanoparticles modified with acrylic acid Abdul-
Raheim et al. (2015). The modified potato starch-magnetic 
nanoparticles (MPS-MNPS) were then used to remove Cu2+,Pb2+ 
and Ni2+ions from wastewater with removal efficiencies 
influenced by pH, contact time, and temperature. In these 
studies, the monomer and initiator concentrations also effected 
the grafting process and hence removal efficiency. Şen et al. 
(2015) used tree bark as a green alternative to activated carbon 
for HM removal, and showed that removal with unmodified 
tree bark was relatively good and thus acceptable as a low cost 
biosorbent Şen et al. (2015).Banana (Musa sapientum) and 
potato (Solanum tuberosum) peel were both successfully used 
by Pooja et al. (2016) as biosorbents for Cu removal from 
wastewater. They found that potato peel adsorbed more Cu than 
banana peel. At the highest experimental solution concentration 
used (50 mg/L) banana peel removed 57.7% of the Cu. 
However, at the lowest experimental solution concentration (2 
mg/L), banana peel removed 91.5% of the Cu. Adsorption rate 
expressed mathematically by Langmuir and Freundlich models 
(Pooja, 2016). Aslan et al. (2016) studied the variation in the 
adsorption ability of tea waste for Ni (II) and Cu (II) with 
different temperature and pH. They found that pH affected 
removal efficiencies’ more than temperature. The highest 
removal efficiencies of Cu (II) (59%) and Ni (II) (43%) were 
observed at 50˚C, but removal efficiencies of Cu (II) and Ni (II) 
were increased from about 25% to 60% and from 35% to 43% 
respectively by simply increasing pH from 2.0 to 5.0 Aslan et 
al. (2016). Low-cost organic wastes can also be used to adsorb 
HMs from soil. For example, tea waste and potato peels were 
successfully used to reduce mercury (Hg) toxicity in a soil, 
where both waste sorbents decreased the uptake of HMs by the 
Phaseolus Vulgaris plant when grown under greenhouse 
condition in a Hg contaminated soil Askari et al. (2017).Tea 
waste was also successfully used as a low-cost adsorbent to 
remove Cd from aqueous solution; where adsorbent dose, 
contact time, pH, an initial Cd concentration all affected 
removal efficiencies The maximum efficiency of Cd adsorption 
was 99.50% obtained at pH of 5, a contact time of 90 minutes 
and 10 g/L of adsorbent, Isotherm data for both the Langmuir 
and Freundlich isotherm models acceptably fir the data where 
kinetic analysis indicated that adsorption kinetics followed a 
second-degree kinetic adsorption model Ghasemi et al. (2017). 
Bharti et al. (2017) found that the Cu removal efficiency by 
potato peel varied with contact time, pH, initial Cu 
concentration, and adsorbent dose. At ambient temperature an 
optimum Cu removal efficiency of 76.5% was obtained at pH 6 
with an adsorbent dose of 5 g and an initial Cu centration of 10 
ppm Bharti et al. (2017). Sun et al. (2017) also used potato peel 
to remove As (III), Pb2+ and Hg2+ from water and found that pH 
was the most important parameter affecting biosorption Sun et 
al. (2017). In addition to food waste agricultural materials, 
other materials such as expanded perlite have also been used to 
remove HMs like Cu (II) from industrial leachate with removal 
that followed pseudo-second-order kinetics Ardali et al. (2014) 
and where fitting of the data to the Elovich and intraparticle 
diffusion kinetic models showed that expanded perlite had 
excellent ability to adsorb Cu (II) from industrial leachate 
Ardali et al. (2014). Mendoza et al. (2014) used denim fiber 



scraps as cheap, ecofriendly sorbent to remove four common 
HM pollutants (Pb2+, Cd2+, Zn2+ and As) from aqueous solution. 
They found that denim fiber scraps were able to adsorb these 
HM ions more effectively than other more commonly used 
synthetic and natural sorbents such as activated carbons and 
zeolites. They also found that denim fiber scraps were also able 
to adsorb As (V) from aqueous solution with sorption capacities 
>1.5 mg/g Mendoza-Castillo et al. (2014) . Previous studies 
have shown that HM removal occurs in two stages, initially 
HMs adhere to the active surface sites of biosorbent followed 
by slower diffusion of metal ions into the adsorbent pores by 
intraparticle diffusion Kumar et al. (2008). In such a mechanism 
the physiochemical characteristics of both the heavy metal to 
be adsorbed and those of the biosorbent are likely to be 
important. In this study the ability of three common inedible 
food wastes (tea, potato peel and egg shell) where evaluated for 
their ability to adsorb chromium (Cr) and manganese (Mn) 
Selected physiochemical properties of the three biosorbent 
used (e.g. pore volume, carbon content, hardness and porosity) 
were also determined to understand how these parameters 
influenced HM removal efficiency Finally in practical terms 
operating pearamteres that could also influence removal such 
as contact time, solution pH, and biosorbent dose were also 
studied and the practical removal efficiency compared with 
previous studies.

MATERIALS AND METHODS

Bio sorbent Preparation: Egg shell, potato peel and tea 
waste were collected from household food waste, washed 
with distilled water and air dried in the sun, prior to being 
crushed and sieved <0.5 mm. Waste Water Preparation: A 
simulated wastewater was prepared by adding Mn and Cr to 
distilled water (100 mL) in a plastic container to give final 
concentrations of 10 ppm for each heavy metal. Heavy Metal 
Measurement: The total concentrations of both Mn and Cr were 
determined by Atomic Absorption Spectroscopy (Shimadzu 
spectrophotometer).

Adsorption Experiments: A known mass of dried and 
sieved biosorbent was initially added to (100 mL) water pH 7 
and vigorously shaken at 200 rpm for 1 min. pH of water was 
adjusted to desired value by adding HCL or NaOH as required. 
The wastewater-sorbent mixture was then left for a predefined 
periods (48, 72, 100, 120, 150, 180 min) before being filtered, 
and the residual HM content in the supernatant measured. 
The percentage of HM removal was then calculated using the 
following equation expressed as:

Removal% =   i e

i

C C
C
−

  ×100 …………. (1)

Where C : Was the initial concentration of HM before 
adsorption (mg/L) 

eC : Was the equilibruim concentration of HM in solution 
after adsorption (mg/L)

All experiments were repeated using the three different 
biosorbents (chicken eggshells, potato peel and tea leaf waste), 
at three different initial pHs (3, 5 and 7), and three biosorbent 
doses (0.16 g, 0.2 g, 0.3 g). 

Adsorption experiments
The target biosorbent (0.16 g – 0.3 g) was added to an 

aliquot of pH 7 wastewater (100 mL), and the mixture shaken 
at 200 rpm for 1 min prior to being left to stand for 100 min (the 
equilibrium time), before being filtered and the concentration of 
metal ions in the solution at equilibrium (mg/L) Ce measured. 
The amount of metal adsorbed onto the biosorbent (qe) was 
then calculated using equation 2 Repo et al. (2011) 

qe =  i ec c V
W
− ………(2) 

Where C_i: was the initial concentration of HM before 
adsorption (mg/L),

eC : Is the equilibrium concentration of HM in solution 
after adsorption (mg/L), V was the volume of the solution (L) 
and W was the weight of biosorbent added (g).The adsorption 
data where then fitted to the Langmuir or Freundlich isotherm 
models 

Adsorption isotherm 
A-Langmuir isotherm: The Langmuir equation assumes 

homogeneous adsorption where the sorption activation energy 
is equal for each molecule on the surface. The linear form of 
Langmuir isotherm is represented by equation 3 (Langmuir 
1916).

e m l e m

1 1 1
q q k C q

= +  ……….. (3)

Where qe (mg/g) is the amount of adsorbate per unit weight 
of adsorbent, Ce (mg/L) is the concentration of heavy metals in 
solution at equilibrium, KL (L/g) is the Langmuir equilibrium 
constant and qm (mg/g) is the maximum capacity of adsorbed 
onto the adsorbent as a monolayer.

B-Freundlich isotherm: The freundlich adsorption 
isotherm assumes adsorption to heterogeneous surfaces where 
the linear form of this isotherm is expressed as (Freundlich 
1906):

 e f e
1q logk log C
n

Log = +

Where KF (L/g) is the Freundlich constant, n (g/L) is the 
Freundlich exponent.

RESULTS AND DISCUSSION

Effect of contact time on HM adsorption
The adsorption of both Cr and Mn increased with contact 

time (Figure 1). For all three wastes, the greatest HM removal 
was obtained at 100 min .and there after the percentage HM 
removal remained constant at after 100 min (Figure 1). This 
was attributed to equilibrium being reached and 100 mins was 
thus sufficient time to allow full interaction of all biosorbent 
adsorption sites, with metal ions Kumar et al. (2008). Thus the 
available sites became saturated and no further adsorption was 
possible. This result agreed with many previous studies. For 
example, Ardali et al. (2014) showed that the removal of Cu 
from industrial waste leachate using expanded Perlite increased 
with contact time Ardali et al. (2014). Likewise, Orodu et al. 
(2014) also found that the adsorption of both Cd and Fe via 
snail shell powder increased with contact time Orodu et al. 
(2014). Koçyiğit and Şahin (2017) found that the adsorption 
of Pb also increased with contact time. (Koçyiğit and Şahin, 
2017) and the same result was observed by Arunlertaree et 



al. (2007) during removal of Pb from battery manufacturing 
wastewater by eggshell Arunlertaree et al. (2007). Abdul-
Raheim et al. (2015) found that the removal of Pb, Cu, and Ni 
via a modified starch iron oxide nanocomposites increased as 
the contact time increased until equilibrium was reached at 60 
min Abdul-Raheim et al. (2015). Ahirwar et al. (2017) found 
that the removal of Cu via potato peel increased with contact 
time Ahirwar et al. (2017). Kanyal and Bhatt (2015) found that 
the uptake of Cu and Pb via chicken eggshells, Banana peels, 
and Pumpkins increased with contact time (Kanyal and Bhatt, 
2015).

Effect of solution pH on HM adsorption
Metal speciation can also control adsorbent efficiency by 

effecting the association between active functional sites on the 
adsorbent and the metal ion Azouaou et al. (2010). Likewise pH 
can also affect adsorption because [H+] increases at lower pH 
and can thus compete with HM cations for the active sites of the 
biosorbent, leading to reduced removal of HMs (i.e. increased 
HM release) under excessive acidic conditions (Nuhoglu and 
Oguz, 2003). Similar increases in HM adsorption with pH have 
been observed in previous studies. Ardali et al. (2014) found 
that the removal of Cu from industrial waste leachate using 
expanded Perlite increased as pH increased Ardali et al. (2014). 
Likewise, Aslan et al. (2016) found that the adsorption of Ni 
(II) and Cu (II) using tea leaf waste increased with pH Aslan 
et al. (2016). Ghasemi et al. (2016), found that Cd adsorption 
using tea leaf waste increased with pH Ghasemi et al. (2016). 
Orodu et al. (2014) found that the adsorption of Cd and Fe 
by snail shell powder increased with pH Orodu et al. (2014). 
When using eggshell, Koçyiğit and Şahin (2017) found that 
the adsorption of Pb2+ increased with pH (Koçyiğit and Şahin, 
2017). In agreement with this current study Arunlertaree et 
al. (2007) also observed that the removal of Pb from battery 
manufacturing wastewater by eggshell increased with pH. 
Rohaizar et al. (2013) also observed increases removal of 
Cu from wastewater using chicken eggshell as pH increased 
Rohaizar et al. (2013). Abdul-Raheim et al. (2015) used a 
modified starch iron oxide nanocomposites and found that the 
removal of Pb, Cu, Ni increased with pH Abdul-Raheim et al. 
(2015). In agreement with the current study, Anuja (2015) found 
that the uptake of Cu and Pb when using chicken eggshells, 

Banana peels, and Pumpkins all increased with pH (Kanyal and 
Bhatt, 2015).

The effect of biosorbent dose on HM adsorption
Heavy metal adsorption increased with biosorbent dose 

(Figure 2). The greatest HM removal was observed at a dose 
of 0.3 g of tea waste (Table 1). The increase in HM removal 
with increasing biosorbent dose was attributed to increases 
in adsorbent surface area and the greater availability of more 
active binding sites (Lewinsky 2007; Das and Mondal 2011). 
This result was not unexpected and was in agreement with 
many previous studies. Ardali et al. found that Cu removal 
from industrial waste leachate increased with the dose of the 
expanded Perlite biosorbent Ardali et al. (2014). Ghasemi 
found that Cd adsorption increased with the dose of biosorbent 
tea waste Ghasemi et al. (2016). Koçyiğit and Şahin (2017) 
found that Pb adsorption increased with dose when using 
eggshell as a biosorbent (Koçyiğit and Şahin, 2017). The same 
result was also observed for the removal of Pb from battery 
manufacturing wastewater using eggshell Arunlertaree et al. 
(2007). Bharti et al. (2017) found that the removal of Cu using 
potato peel also increased with biosorbent dose Bharti et al. 
(2017). Abdulsalam (2014) found that the uptake of Cr from 
tannery waste increased with biosorbent dose when using two 
novel agricultural products (Abdulsalam, 2014).

Table 1. Properties of biosorbent.

Biosorbent Carbon percentage Mean pore vol-
ume ( 3 /cm g )

Tea waste Carbon hy-
drate %

1.3 (Al-Malik 
and Al-Ma-
soudi)

0.004 (Jirawan 
and Doungkamon)

Potato peel Carbon hy-
drate %

68.7 (Arapo-
glou,2010)

0.002 Osman et al. 

Egg shell Caco3 % 96.48 Arunler-
taree  et al. 

0.015 Bansal et al. 

Of the three biosorbents considered here, the best biosorbent 
was consistently tea waste, followed by potato peel and finally 
eggshell. This variation in removal efficacy was attributed to 
the variation in the properties of biosorbent which as discussed 
below had a significant effect on the ability of the materials to 
adsorb HMs. 

Figure 1.  Variation in Cr and Mn removal efficiency (%) 
with contact time using eggshell, potato peel and tea 
waste biosorbents at an initial dose of 0.3 g and a solu-
tion PH=7. Note: (        ) tea waste , Cr, (        ) tea waste, 
Mn, (        ) potato peel , Cr, (        ) potato peel, Mr, (        ) 
egg shell, Cr, (        ) egg shell, Cr.

Figure 2.  Variation in Cr and Mn removal efficiency (%) 
with pH using egg shell, potato peel and tea waste) at an 
initial dose of 0.3 g and a contact time of 100 min. Note: 
(        ) tea waste , Cr, (        ) tea waste, Mn, (        ) potato 
peel , Cr, (        ) potato peel, Mr, (        ) egg shell, Cr, 
(        ) egg shell, Cr.



One important parameter of the biosorbent is the pore 
volume since previous studies had shown that ability of a 
biosorbent to adsorb HMs increased with increasing mean pore 
volume Mangun et al. (1998). This was also supported by the 
results obtained here, were as the mean pore volume (cm3/g) 
decreased from tea waste to potato peel to eggshell (Table 2) 
the observed HM removal increased. Likewise the carbonate 
content of the biosorbents also seemed to be an important 
parameter since previous studies have shown that as the carbon 
content increased the hardness of the metal increased Wang et 
al.(2019) and as the hardness increased the porosity decreased 
(Jang and Matsubara, 2005) leading indirectly to decreased 
ability of the biosorbent to adsorb HMs. Thus in agreement 
with this trend as carbonate content increased from tea waste 
to potatoes peel to eggshell (Table 2), the observed HM 
removal decreased. Irrespective of the biosorbent used Cr was 
consistently adsorbed more than Mn (Figures 1-3). This was 
attributed to the most positive metal/surface area will interact 
more strongly to the biosorbents because of biosorbent charge 
is negative, and Cr would be +3 charged compared to Mn 
being only +2 . Also Cr (III) is most reactive in the activation 

of C–H and O–H bonds, because Cr–O relativity long due to 
the strongly binding of chromium bonds Jaeheung et al. (2011) 
.The superoxo ligands are bound in a side-on fashion to the 
chromium centers and are capable of reacting with weak O−H 
bonds.( Marie-Louise Wind, 2019)M. Unlike most of the other 
transition metal-oxygen adducts with chromium can be handled 
at room temperature even under air-free (Susannah Lesley Scot, 
1991). So Cr can make chemical bonds with oxygen function 
group better than MN. 

Tea waste biosorbent absorbed Cr more suitable under 
Langmuir isotherm because the langmuir model predicts the 
formation of an adsorbed solute monolayer, with no side 
interactions between the adsorbed ions. It also assumes that the 
interactions take place by adsorption of one ion per binding 
site and that the sorbent surface is homogeneous and contains 
only one type of binding site (Fourest and Volesky, 1996; 
Wallace et al. (2003). Egg shell absorbed Mn fits more suitable 
under freundlich isotherm because The Freundlich model does 
not predict surface saturation. It considers the existence of a 
multilayered structure (Fourest and Volesky, 1996; Wallace et 
al. (2003). 

Table 2. Best fit parameters for adsorption of Cr and Mn to the Langmuir and Freundlich isotherms for three bio sorbents.  

Adsorbent Egg shell Potato peel Tea waste

Heavy metal Mn Cr Mn Cr Mn Cr

Langmuir Isotherm

Qmax (mg/g) 21.22 28.25 20.01 30.08 17.28 33.26

KL 0.0716 0.0599 0.0940 0.0822 0.1820 0.1016

R2 0.994 0.999 0.992 0.998 0.991 0.977

Freundlich Isotherm

1/n 0.7432 0.7846 0.7195 0.7423 0.6360 0.6679

KF 1.581 1.739 1.870 2.484 2.725 3.397

R2 0.998 0.998 0.996 0.974 0.999 0.865

Figure 3.  Variation in Cr and Mn removal efficiency (%) with biosorbent dose using egg shell, potato peel and tea waste 
at pH=7 and contact time of 100 min. Note: (        ) tea waste , Cr, (        ) tea waste, Mn, (        ) potato peel , Cr, (        ) 
potato peel, Mr, (        ) egg shell, Cr, (        ) egg shell, Cr.



CONCLUSION

This study indicated that waste foods like eggshell, potato 
peels, and tea waste could all be used as inexpensive, eco-
friendly biosorbents for the removal of HMs from wastewater. 
The three main factors that affected the adsorption of such HMs 
were wastewater pH, the adsorbent dose, and the contact time. 
Removal was favored by an increased adsorbent dose, a long 
contact time (>100 min) and a more alkaline pH. Tea waste, 
was generally the best biosorbent for Cr, being better then 
both potato peel or eggshell. The less efficient HM removal 
by eggshell was due to the wastes innate physiochemical 
properties such as carbon content induced porosity changes and 
pore volume. As carbon content increased, hardness increased, 
leading to decreased porosity which in turn led to less efficient 
adsorption. On the other hand as pore volume increased the 
ability of the biosorbent to adsorb HMs also increased. Overall, 
irrespective of the biosorbent used Cr was adsorbed more than 
Mn because chromium charge more positive than manganese 
that lead to strongly interact to the biosorbents which have 
negative charge also because Cr makes chemical bonds with 
oxygen strongly than Mn. The result fits with lungmuir and 
freundlich isotherm and it is more suitable with lungmuir when 
tea waste adsorbed Cr and the results fits more suitable under 
freundlich when egg shell absorbed Mn. 

REFERENCES

1. Abd A, Ziad T, Mohammed AI, Huda M Madhloom 
(2016). “Eggshell powder as an adsorbent for 
removal of Cu (II) and Cd (II) from aqueous solution: 
Equilibrium, kinetic and thermodynamic studies.” Al-
Nahrain Journal for Engineering Sciences. 19:186-193.

2. Abdul R, Abdul-Raheim M, Farag K Reem, Ei-Saeed 
M Shimaa, Abdel-Raouf E Manar (2015). “Modified 
starch iron oxide nanocomposites as low cost 
absorbents for selective removal of some heavy metals 
from aqueous solutions.” Res J Pharm Biol Chem Sci. 
6: 1197-1212.

3. Abdulsalam, S, J Mohammed, Deji E Olubiyo, Ibrahim 
IT (2014). “Biosorption of Chromium (VI) Ion from 
tannery waste water using two novel agricultural by-
products.” Int J Inno Manag Technol. 5: 78.

4. Ahirwar, B., Sharma, A.K., Sharma, S (2017). 
“Removal of copper from aqueous solution using low 
cost biosorbent (Potato Peel).” Int J Appl Res. 3: 459–
462.

5. Al-Maliki Salwan, Mugtaba Al-Masoudi (2018). 
“Interactions between mycorrhizal fungi, tea wastes, 
and algal biomass affecting the microbial community, 
soil structure, and alleviating of salinity stress in corn 
yield (Zea mays L.).” Plants. 7:63.

6. Kanyal M, Bhatt AA (2015). “Removal of heavy metals 
from water (Cu and Pb) using household waste as an 
adsorbent.” J Bioremed Biodeg. 6:269.

7. Arapoglou D, Th Varzakas, Vlyssides A, CJWM 
Israilides. (2010). “Ethanol production from Potato 
Peel Waste (PPW).” Waste Management. 30:1898-
1902.

8. Arunlertaree C, Wanvisa K, Acharaporn K, Prayad 
P, Patra P (2007). “Removal of lead from battery 
manufacturing wastewater by egg shell.”  J Sci 
Technol. 29: 857-868.

9. Askari S, N Arif, S Naheed (2017). “Abolition of heavy 
metal mercury by low cost domestic organic wastes 
from the phaseolus vulgaris.” J Pharma Phytochem. 6: 
1807-11.

10. Aslan S, Yildiz S, Ozturk M and Polat, A (2016). 
“Adsorption of cadmium from aqueous solution onto 
untreated coffee grounds: Equilibrium, kinetics and 
thermodynamics.” Journal of Hazardous Materials.184: 
126–134. 

11. Bailey E, Trudy J, R Mark B, Dean A (1999). “A review 
of potentially low-cost sorbents for heavy metals.” 
Water res. 33: 2469-2479.

12. Bansal M, Prem Kishore P, Tom Dugmore (2020). 
“Adsorption of Eriochrome Black-T (EBT) using tea 
waste as a low cost adsorbent by batch studies: A green 
approach for dye effluent treatments.” Curr Res Green 
Sustai Chem. 3: 100036.

13. Bharti B, Ashish P, S Tripathi, Dheeraj K (2017). 
“Modelling of runoff and sediment yield using ANN, 
LS-SVR, REPTree and M5 models.” Hydrology Res. 
48:1489-1507.

14. Chang Y, Dong H (2005). “Preparation and adsorption 
properties of monodisperse chitosan-bound Fe3O4 
magnetic nanoparticles for removal of Cu (II) ions.” J 
Colloid Interface Sci. 283: 446-451.

15. Cheraghi M, Ardakani Soheil S, Raziyeh Z, Bahareh 
L, Hajar M (2015). “Removal of Pb (II) from aqueous 
solutions using waste tea leaves.” J Toxicol. 1247-
1253.

16. Coelho C, Rogério L, Antonio S, Valfredo T, de 
Fávere, Mauro C (2007). “Effect of heparin coating on 
epichlorohydrin cross-linked chitosan microspheres on 
the adsorption of copper (II) ions.” Reactive Functional 
Poly. 67: 468-475.

17. Das B, Mondal NK (2011). “Calcareous soil as a new 
adsorbent to remove lead from aqueous solution: 
equilibrium, kinetic and thermodynamic study.” 
Universal J Environ Res Technol. 1:515– 530.

18. Fourest, E and Bohumil Volesky (1995). “Contribution 
of sulfonate groups and alginate to heavy metal 
biosorption by the dry biomass of Sargassum fluitans.” 
Environmental Sci Technol. 30: 277-282.

19. Freundlich H (1906). “Über die adsorption in 
lösungen.” J Phys Chem. 57: 385-470.

https://www.iasj.net/iasj/article/110437
https://www.iasj.net/iasj/article/110437
https://www.iasj.net/iasj/article/110437
https://www.rjpbcs.com/pdf/2015_6(6)/%5b209%5d.pdf
https://www.rjpbcs.com/pdf/2015_6(6)/%5b209%5d.pdf
https://www.rjpbcs.com/pdf/2015_6(6)/%5b209%5d.pdf
https://www.rjpbcs.com/pdf/2015_6(6)/%5b209%5d.pdf
http://www.ijimt.org/papers/490-H1001.pdf
http://www.ijimt.org/papers/490-H1001.pdf
http://www.ijimt.org/papers/490-H1001.pdf
https://www.allresearchjournal.com/archives/?year=2017&vol=3&issue=9&part=G&ArticleId=4418
https://www.allresearchjournal.com/archives/?year=2017&vol=3&issue=9&part=G&ArticleId=4418
https://www.mdpi.com/2223-7747/7/3/63
https://www.mdpi.com/2223-7747/7/3/63
https://www.mdpi.com/2223-7747/7/3/63
https://www.mdpi.com/2223-7747/7/3/63
https://www.omicsonline.org/open-access/removal-of-heavy-metals-from-water-cu-and-pb-using-household-waste-as-an-adsorbent-2155-6199.1000269.php?aid=36416
https://www.omicsonline.org/open-access/removal-of-heavy-metals-from-water-cu-and-pb-using-household-waste-as-an-adsorbent-2155-6199.1000269.php?aid=36416
https://www.omicsonline.org/open-access/removal-of-heavy-metals-from-water-cu-and-pb-using-household-waste-as-an-adsorbent-2155-6199.1000269.php?aid=36416
https://www.sciencedirect.com/science/article/abs/pii/S0956053X10002448?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0956053X10002448?via%3Dihub
https://rdo.psu.ac.th/sjst/journal/29-3/0125-3395-29-3-0857-0868.pdf
https://rdo.psu.ac.th/sjst/journal/29-3/0125-3395-29-3-0857-0868.pdf
https://www.phytojournal.com/archives/2017.v6.i4.1578/abolition-of-heavy-metal-mercury-by-low-cost-domestic-organic-wastes-from-the-phaseolus-vulgaris
https://www.phytojournal.com/archives/2017.v6.i4.1578/abolition-of-heavy-metal-mercury-by-low-cost-domestic-organic-wastes-from-the-phaseolus-vulgaris
https://www.phytojournal.com/archives/2017.v6.i4.1578/abolition-of-heavy-metal-mercury-by-low-cost-domestic-organic-wastes-from-the-phaseolus-vulgaris
https://www.sciencedirect.com/science/article/abs/pii/S0304389410010307?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389410010307?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389410010307?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0043135498004758
https://www.sciencedirect.com/science/article/abs/pii/S0043135498004758
https://www.sciencedirect.com/science/article/pii/S2666086520300394
https://www.sciencedirect.com/science/article/pii/S2666086520300394
https://www.sciencedirect.com/science/article/pii/S2666086520300394
https://iwaponline.com/hr/article/48/6/1489/37811/Modelling-of-runoff-and-sediment-yield-using-ANN
https://iwaponline.com/hr/article/48/6/1489/37811/Modelling-of-runoff-and-sediment-yield-using-ANN
https://www.sciencedirect.com/science/article/abs/pii/S0021979704009063?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0021979704009063?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0021979704009063?via%3Dihub
http://ijt.arakmu.ac.ir/browse.php?a_id=398&sid=1&slc_lang=fa
http://ijt.arakmu.ac.ir/browse.php?a_id=398&sid=1&slc_lang=fa
https://www.sciencedirect.com/science/article/abs/pii/S1381514807000417
https://www.sciencedirect.com/science/article/abs/pii/S1381514807000417
https://www.sciencedirect.com/science/article/abs/pii/S1381514807000417
https://www.environmentaljournal.org/1-4/ujert-1-4-13.pdf
https://www.environmentaljournal.org/1-4/ujert-1-4-13.pdf
https://www.environmentaljournal.org/1-4/ujert-1-4-13.pdf
https://pubs.acs.org/doi/10.1021/es950315s
https://pubs.acs.org/doi/10.1021/es950315s
https://pubs.acs.org/doi/10.1021/es950315s
https://www.degruyter.com/document/doi/10.1515/zpch-1907-5723/html?lang=en
https://www.degruyter.com/document/doi/10.1515/zpch-1907-5723/html?lang=en


20. Gadd G, Christopher W (1993). “Microbial treatment 
of metal pollution: a working biotechnology?” Trends 
in biotechnology. 11: 353-359.

21. Ghasemi S, Roya M, Mohsen Y (2017). “Biosorption 
of heavy metal from cadmium rich aqueous solutions 
by tea waste as a low cost bio-adsorbent.” Jundishapur 
J Health Sci. 9: 1.

22. IUPAC. Compendium of chemical terminology. 2nd 
edition. The “Gold Book” (1997).

23. Cho J, Jaeyoung W, Jung E, Minoru K, Takashi O, 
Wonwoo Nam (2011). “Chromium (V)-oxo and 
chromium (III)-superoxo complexes bearing a 
macrocyclic TMC ligand in hydrogen atom abstraction 
reactions.” Chemical Sci. 2: 2057-2062.

24. Jang B, Hideaki M (2005). “Influence of porosity on 
hardness and Young’s modulus of nonporous EB-PVD 
TBCs by nanoindentation.” Materials Letter. 59: 3462-
3466.

25. Jayan V, K Anitha (2015). “Heavy metal removal (Pb 
& Cu) from waste water using pumpkin and egg shell 
along with chitosan as filter media.” Small. 2: 2.

26. Jirawan T, Doungkamon P (2019). “Phosphorus 
removal from wastewater using eggshell ash.” 
Environmental Sci Poll Res. 26 34101-34109.

27. King P,  Srinivas Y, Prasanna K, Prasad K (2006). 
“Sorption of copper (II) ion from aqueous solution by 
Tectona grandis lf (teak leaves powder).” J Hazardous 
Materials. 136: 560-566.

28. Kizilkaya B, Adem T, Yusuf D (2010). “Adsorption 
and removal of Cu (II) ions from aqueous solution 
using pretreated fish bones.” Desalination. 264: 37-47.

29. Koçyiğit H, B Şahin (2017). “Effects of egg shells for 
different heavy metals removal from aqueous solution.” 
Environmental Sci Poll Res. 20: 1-2.

30. Kumar R, Bishnoi NR and Bishnoi K (2008). 
“Biosorption of chromium (VI) from aqueous solution 
and electroplating waste water using fungal biomass.” 
Chemical Engineering J. 135: 202–208.

31. Lai C, Sheng H. Lin (2003). “Electrocoagulation of 
Chemical Mechanical Polishing (CMP) wastewater 
from semiconductor fabrication.” Chemical 
Engineering Journal. 95: 205-211.

32. Langmuir I (1916). “The constitution and fundamental 
properties of solids and liquids. Part I. Solids.”  J Am 
Chemical Soc. 38: 2221-2295.

33. Lewinsky, Allison A (2007). “Hazardous materials and 
wastewater: Treatment, removal and analysis.” Nova 
Publishers, 375.

34. Wind M, Beatrice B, Fabian S, Christian H, Christian 
L (2020). “A polysiloxide complex with two chromium 
(III) η2‐superoxo moieties.” Israel J Chem. 60:1057-
1060.

35. Mangun, CL, MA Daley, RD Braatz, J Economy (1998). 
“Effect of pore size on adsorption of hydrocarbons 
in phenolic-based activated carbon fibers.” Carbon. 
36:123-129.

36. Mendoza C, CK Rojas M, IP García M, MA Pérez C, 
V Hernández-M,  Bonilla P, MA Montes-Morán, et al 
(2015). “Removal of heavy metals and arsenic from 
aqueous solution using textile wastes from denim 
industry.” Int J Environmental Sci Techno. 12:1657-
1668.

37. Mohammed R, MJ, Abdul-Ahad, YM (2014). 
Adsorption of levofloxacine antibacterial from 
contaminated water by non–conventional low cost 
natural waste materials. J Eng. 20: 88–104.

38. Nuhoglu Y, E Oguz (2003). “Removal of copper (II) 
from aqueous solutions by biosorption on the cone 
biomass of Thuja orientalis.” Process Biochemistry. 
38: 1627-1631.

39. Orodu, V  ES Olisedeme, RC Okpu (2014). “Removal 
of heavy metals from aqueous solutions using snail 
shell powder as available adsorbent.” Int J Sci Techno. 
3: 422-428.

40. Osman, Ahmed I, Jacob Blewitt, Jehad K. Abu-Dahrieh, 
Charlie Farrell, H. Ala’a, John Harrison, and David W. 
Rooney (2019). “Production and characterisation of 
activated carbon and carbon nanotubes from potato 
peel waste and their application in heavy metal 
removal.” Environmental Science and Pollution Res 
26: 37228-37241.

41. Pooja DT (2016). “Removal of copper from waste water 
by using potato and banana peels as bioadsorbent.” Int 
J Sci Eng Technol Res. 5: 10–30.

42. Prasad, M, Sona S (2004). “Sorption mechanism 
of some divalent metal ions onto low-cost mineral 
adsorbent.” Industrial and Engineering Chemistry Res. 
43: 1512-1522.

43. Rengaraj, S, Kyeong-Ho, Seung-Hyeon Moon (2001). 
“Removal of chromium from water and wastewater by 
ion exchange resins.” Journal of Hazardous Materials. 
87: 273-287.

44. Rohaizar, NA binti, Hadi, N binti A, Sien, WC, (2013). 
“Removal of Cu (II) from water by adsorption on 
chicken eggshell. Int J Eng Technol. 1: 40-45.

45. Repo, E, Leena M, Risto K, Risto H, Mika Sillanpää 
(2011). “Capture of Co (II) from its aqueous EDTA-
chelate by DTPA-modified silica gel and chitosan.” 
Journal of Hazardous Materials. 187: 122-132.

46. Saka, C, Ömer, Mehmet MK (2012). “Applications on 
agricultural and forest waste adsorbents for the removal 
of lead (II) from contaminated waters.” International 
Journal of Environmental Science and Technology. 9: 
379-394.

https://www.sciencedirect.com/science/article/abs/pii/0167779993901586?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/0167779993901586?via%3Dihub
https://brief.land/jjhs/articles/15071.html
https://brief.land/jjhs/articles/15071.html
https://brief.land/jjhs/articles/15071.html
https://pubs.rsc.org/en/content/articlelanding/2011/sc/c1sc00386k#:~:text=A%20Cr(V)%2Doxo,EPR%20and%20X%2Dray%20analysis%20.
https://pubs.rsc.org/en/content/articlelanding/2011/sc/c1sc00386k#:~:text=A%20Cr(V)%2Doxo,EPR%20and%20X%2Dray%20analysis%20.
https://pubs.rsc.org/en/content/articlelanding/2011/sc/c1sc00386k#:~:text=A%20Cr(V)%2Doxo,EPR%20and%20X%2Dray%20analysis%20.
https://pubs.rsc.org/en/content/articlelanding/2011/sc/c1sc00386k#:~:text=A%20Cr(V)%2Doxo,EPR%20and%20X%2Dray%20analysis%20.
https://tohoku.pure.elsevier.com/en/publications/influence-of-porosity-on-hardness-and-youngs-modulus-of-nanoporou
https://tohoku.pure.elsevier.com/en/publications/influence-of-porosity-on-hardness-and-youngs-modulus-of-nanoporou
https://tohoku.pure.elsevier.com/en/publications/influence-of-porosity-on-hardness-and-youngs-modulus-of-nanoporou
http://www.ijaiet.com/heavy-metal-removal-pb-cu-from-waste-water-using-pumpkin-and-egg-shell-along-with-chitosan-as-filter-media/
http://www.ijaiet.com/heavy-metal-removal-pb-cu-from-waste-water-using-pumpkin-and-egg-shell-along-with-chitosan-as-filter-media/
http://www.ijaiet.com/heavy-metal-removal-pb-cu-from-waste-water-using-pumpkin-and-egg-shell-along-with-chitosan-as-filter-media/
https://link.springer.com/article/10.1007/s11356-018-3305-3
https://link.springer.com/article/10.1007/s11356-018-3305-3
https://www.sciencedirect.com/science/article/abs/pii/S0304389405008423?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389405008423?via%3Dihub
https://journals.scholarsportal.info/details/00119164/v264i1-2/37_aarociasupfb.xml&sub=all
https://journals.scholarsportal.info/details/00119164/v264i1-2/37_aarociasupfb.xml&sub=all
https://journals.scholarsportal.info/details/00119164/v264i1-2/37_aarociasupfb.xml&sub=all
https://www.semanticscholar.org/paper/Effects-of-Egg-shells-for-Different-Heavy-Metals-Sahin/1a125c6a7b6afce930e2c1192f1dda18929d77aa
https://www.semanticscholar.org/paper/Effects-of-Egg-shells-for-Different-Heavy-Metals-Sahin/1a125c6a7b6afce930e2c1192f1dda18929d77aa
https://www.sciencedirect.com/science/article/abs/pii/S1385894707001350
https://www.sciencedirect.com/science/article/abs/pii/S1385894707001350
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/reference/referencespapers.aspx?referenceid=1014536
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/reference/referencespapers.aspx?referenceid=1014536
https://www.scirp.org/(S(351jmbntvnsjt1aadkozje))/reference/referencespapers.aspx?referenceid=1014536
https://pubs.acs.org/doi/10.1021/ja02268a002
https://pubs.acs.org/doi/10.1021/ja02268a002
https://onlinelibrary.wiley.com/doi/10.1002/ijch.201900119
https://onlinelibrary.wiley.com/doi/10.1002/ijch.201900119
https://www.sciencedirect.com/science/article/abs/pii/S0008622397001693#:~:text=For%20higher%20boiling%20point%20alkanes,due%20to%20increasing%20pore%20volumes.&text=For%20the%20full%20range%20of,the%20average%20pore%20size%20increases.
https://www.sciencedirect.com/science/article/abs/pii/S0008622397001693#:~:text=For%20higher%20boiling%20point%20alkanes,due%20to%20increasing%20pore%20volumes.&text=For%20the%20full%20range%20of,the%20average%20pore%20size%20increases.
https://link.springer.com/article/10.1007/s13762-014-0553-8
https://link.springer.com/article/10.1007/s13762-014-0553-8
https://link.springer.com/article/10.1007/s13762-014-0553-8
http://
http://
http://
http://
https://www.sciencedirect.com/science/article/abs/pii/S0032959203000554
https://www.sciencedirect.com/science/article/abs/pii/S0032959203000554
https://www.sciencedirect.com/science/article/abs/pii/S0032959203000554
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1063.4676&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1063.4676&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.1063.4676&rep=rep1&type=pdf
https://link.springer.com/article/10.1007/s11356-019-06594-w
https://link.springer.com/article/10.1007/s11356-019-06594-w
https://link.springer.com/article/10.1007/s11356-019-06594-w
https://link.springer.com/article/10.1007/s11356-019-06594-w
https://www.semanticscholar.org/paper/Removal-of-copper-from-Waste-water-by-using-potato-Taralgatti/68412885c957e710539cf89ff2b74e72a75d8456
https://www.semanticscholar.org/paper/Removal-of-copper-from-Waste-water-by-using-potato-Taralgatti/68412885c957e710539cf89ff2b74e72a75d8456
https://pubs.acs.org/doi/abs/10.1021/ie030152d
https://pubs.acs.org/doi/abs/10.1021/ie030152d
https://pubs.acs.org/doi/abs/10.1021/ie030152d
https://www.sciencedirect.com/science/article/abs/pii/S0304389401002916?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389401002916?via%3Dihub
http://ijens.org/Vol_13_I_01/139201-4646-IJET-IJENS.pdf
http://ijens.org/Vol_13_I_01/139201-4646-IJET-IJENS.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0304389411000033?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0304389411000033?via%3Dihub
https://link.springer.com/article/10.1007/s13762-012-0041-y#:~:text=In%20this%20review%2C%20agricultural%20and,mainly%20from%202000%20to%202010.&text=It%20was%20shown%20that%20these,Pb2%2B%20ions%20from%20wastewater.
https://link.springer.com/article/10.1007/s13762-012-0041-y#:~:text=In%20this%20review%2C%20agricultural%20and,mainly%20from%202000%20to%202010.&text=It%20was%20shown%20that%20these,Pb2%2B%20ions%20from%20wastewater.
https://link.springer.com/article/10.1007/s13762-012-0041-y#:~:text=In%20this%20review%2C%20agricultural%20and,mainly%20from%202000%20to%202010.&text=It%20was%20shown%20that%20these,Pb2%2B%20ions%20from%20wastewater.


47. Şen, A, Helana Pereira, Olivella MA, I Villaescusa 
(2015). “Heavy metals removal in aqueous 
environments using bark as a biosorbent.” International 
Journal of Environmental Science and Technology. 12: 
391-404.

48. Setlak, M, Jacek R, Joanna S (2009). “Investigation 
of heavy metal sorption by potato tubers.” Ecological 
Chemistry and Engineering. A 16: 653-660.

49.  Sun, Y, Yang G, Zhang, L (2017). “Biosorption of 
heavy metals: A case study using potato peel waste.” 
Desalin Water Treat. 83: 159–167.

50. Scott, SL (1991). “Reactions of some chromium-
oxygen complexes containing superoxo, hydroperoxo, 
oxo, and mu-peroxo ligands.” Iowa State University, 
123. 

51.  Suyama, K, Yoshitaka F, Yoshiyaki U (1994). “A new 
biomaterial, hen egg shell membrane, to eliminate 
heavy metal ion from their dilute waste solution.” 
Applied biochemistry and Biotechnology. 45: 871-879.

52. Tabatabaee, A, Fereshteh D, Akram Tabatabaee (2016). 
“Biosorption of  heavy metals by low cost adsorbents.” 
International Journal of Environmental and Ecological 
Engineering 8: 699-704.

53. Wallace M, Aderval S, Cristiane A, Antonio C (2003). 
“An evaluation of copper biosorption by brown 
seaweed under optimized conditions.” Electronic 
Journal of Biotechnology. 6: 174-184.

54. Wasewar, KL (2010). “Adsorption of metals onto tea 
factory waste: a review.” Int J Recent Res Appl Stud. 
3: 303–322.

55. Wang, X, Yunbo C, Shizhong W, Lingli Z, Feng Mao 
(2019). “Effect of carbon content on abrasive impact 
wear behavior of Cr-Si-Mn low alloy wear resistant 
cast steels.” Frontiers in Materials. 6: 153.

https://link.springer.com/article/10.1007/s13762-014-0525-z
https://link.springer.com/article/10.1007/s13762-014-0525-z
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BPG8-0016-0019
http://yadda.icm.edu.pl/baztech/element/bwmeta1.element.baztech-article-BPG8-0016-0019
https://research.monash.edu/en/publications/biosorption-of-heavy-metals-a-case-study-using-potato-peel-waste
https://research.monash.edu/en/publications/biosorption-of-heavy-metals-a-case-study-using-potato-peel-waste
http://
http://
http://
https://link.springer.com/article/10.1007/BF02941856
https://link.springer.com/article/10.1007/BF02941856
https://link.springer.com/article/10.1007/BF02941856
https://zenodo.org/record/1112157/files/10003948.pdf?download=1.
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582003000300003
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=S0717-34582003000300003
https://www.cabdirect.org/cabdirect/abstract/20113107914
https://www.cabdirect.org/cabdirect/abstract/20113107914
https://www.frontiersin.org/articles/10.3389/fmats.2019.00153/full#:~:text=(2)%20Due%20to%20the%20increasing,increases%20firstly%20and%20then%20decreases.
https://www.frontiersin.org/articles/10.3389/fmats.2019.00153/full#:~:text=(2)%20Due%20to%20the%20increasing,increases%20firstly%20and%20then%20decreases.
https://www.frontiersin.org/articles/10.3389/fmats.2019.00153/full#:~:text=(2)%20Due%20to%20the%20increasing,increases%20firstly%20and%20then%20decreases.

