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Abstract:

Nowadays toxicity of heavy metal ions is a serious issue, which causes health problem . The large industries mainly chemical
industries discharge these heavy metal ions in the form of chemicals directly into the water of river, lake, sea . They cause
health issues for living beings specially flaura and fauna which survies into the water. So, it is compulsory to remove that toxic
metal ions to illuminate the health risk of living beings and plant as well. There are lots of techniques present to remove that
heavy metal ions like ion-exchange, chemical precipitation, coagulation-flocculation & flotation, adsorption, membrane
filtration. Among all of the process, adsorption is the best suitable method for illumination of toxicity of heavy metal ions from
industrial waste water effluent. Here adsorption performs a useful method for removal process with lots of advantages
because this is the low cost method with eco-friendly in nature.
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Introduction-

Water pollution is the major cocern nowadays and it also
affects the health of living organism. The excessive use of
chemicals which present in the contaminated water are
directly flow into the rivers which endanger the life of
aquatic organism as well as human beings [1]. Recently,
researchers have target towards removal process of
various unwanted pollutants in which biodegradable
waste, phosphates, heavy metals, heat, dyes, toxic chemical,
fluoride, sediment, radioactive pollutants, hazardous
chemical and personal products [2].When these pollutants
are directly subjected into the water causes lots of diseases
to human health and kills many aquatic organism. So, it is
very necessary to remove that pollutants from
contaminated water and make pollutation free [3]. There
are various techniques which are used for the sepration of
pollutants from the contaminated water and that
techniques are adsorption, oxidation, coagulation, ion-
exchange, bio-remediation ,nano-filtration, solvent,-
extraction, reverse-osmosis [4]. Among all of the above
techniques adsorption is choosen for the best removal
process from the waste water effluent because adsorption
is low cost process, easy removal as well as recovery rate,
most efficient technique because of its easy operation, high
efficiency and the operation perform is sludge free [5]. If
we talk about the adsorption process then we have concern
about the properties of adsorbent because it play major
role in adsorption , a good adsorbent for removal of heavy
metal ions must possesses these characteristic like high
adsorption capacity, pore volume and size, large surface
area , compatibility, cost effectiveness, mechanical stability

, environment friendly, high selectively, ease of
regeneration, simple processing [6]. Lots of adsorbent
present which work effectively in which carbon nanotube
increases the removal rate and gives good result in
adsorption process. The mechanism of carbon nanotube in
adsorption process is mainly the interaction of functional
group which present at the surface of carbon nanotube
with heavy metal ions which present in the contaminated
water. As shown in the below figure 1 [7]. If the surface
area will be larger then result in greater the number of
reducing group and hence more pollutants attracts on the
surface and give better result of adsorption.
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Figure 1 - Sepration of heavy metal ions from waste water
using CNT

Case Studies

1.Removal of toxic metal ions through carbon nanotube
adsorbent- In this case study we know how carbon
nanotube works efficiently in removing heavy metal ions
from industrial waste water [8]. There are lots of low cost
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adsorbent like rubber tire [9] , multi-walled carbon
nanotube [10], Nano-particle [11-14] .But these adsorbents
have low efficiency. So, carbon nanotubes has found the
highly potential adsorbent because of its superior quality
like opto-electronic, mechanical properties, unique
structure, physical properties, semiconductor, chemical
properties, electronic properties [15-20]. There are two
division of CNTs (a) Single-walled carbon nanotube (b)
Multi-walled carbon nanotube [21] as shown in figure 2
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Figure 2 Diagram of (a) Single-walled carbon nanotube (b)
Multi-walled carbon nanotube

Carbon nanotube is efficient adsorbent in removing heavy
metal ions from contaminated water and that toxic metal
ions are Ni2*, Cu?*, Co2*+ ,Cr3+ ,Cré+, Hg?+, Cd?*, SrZ*, Pb%*,
Zn%* As3+ Eu3+ U6+, Th*+ As5+ [22-34]. The functional group
present on the surface CNTs are -OH, -COOH, -C=0 these
provide large amount of activated site which increase the
removing capacity [35].

From the experiment researcher found pH is greater than 7
in removal in removal of Fe from contaminated water
through multi-walled carbon nanotube [36]. In the
presence of poly acrylic acid the pH is observe that greater
than 8 in illumination of Ni%*ions [37]. In carbon nanotube,
adsorption capacity depends upon the size of the adsorbing
particles hich present on the surface [38]. Here is a flow
diagram of purification of water using carbon nanotube as
shown below fig 3.
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Figure 3- This flow diagram indicates, different process
and various adsorbent is used for the illumination of heavy
metal ions from waste water effluent. Red box indicates
that carbon nanotube is used for removal of toxic ions.

2. Treating waste water through low-cost adsorbent- To
overcome the problem of organic or inorganic pollutants
there are several conventional and unconventional method
adopted to remove that heavy metal ions from the waste
water and make that polluted water pollution free, As we
know that heavy metals are very harmful and cause lots of
disease which are given below table 1. And that heavy
metal comes from chemical company, paper factory,
tanneries, battery manufacturing company [39-42].
Continue flowing harmful chemicals into water may pollute
the quality of water as well create a lot of health problems
of human life and aquatic organism [43] .

S.No  Heavy Metals Health Hazard Permissible Limit (mg/L) References

01.  Arsenic (As)  kidney cancer, nausea, skin diseases, 0.009-0.01 [44]
Muscular weakness, lung bladder.
02. Cobalt(Co)  thyroid, heart disease,Asthma,allergy, 0.09-0.1 [45]
Carcinogenic, liver damage.
03. Cadmium(cd) renal disorder, emphysema, kidney 0.0029-0.003 [46]
D]S(‘SS[‘. human carcinogen.
04. Copper(Cu) Insomnia, liver disease, Wilson 2325 [47]
Disease.
05. Chromium(Cr) Vomating, headache, lung-tumor 0.04-0.05 [48]
Diarrhea, carcinogenic, nausea.
06. Manganese  memory loss, parlcinson disease 0.4-0.5 [49]
(Mn)
07.  Mercury(Hg) paralysis, rheumatoid-arthritis, 0.0009-0.001 [50]

Neurological disorder, anorexia
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08.  Nickel(Ni)  chronic-asthma, dermatitis, lung cancer ~ 1.0-2.0 [51]
Nausea, coughing.

09.  Zinc(Zn) logical disorder, dehydeation, 4.0-5.0 [52]
Depression, anaemia, lethargy.

10. Lead(Pb) Anorexia, damage of nervous system,  0.04-0.05 [53]

Brain fail, vomiting, anaemia, circulatory
Disease.
11 Iron(Fe) Depression, Tinnitus, headache, constipation 1.0-2.0 [54]

Gastrointestinal problem, nails damage.

Table 1.According to WHO, various disease affects Human
health with these heavy metal ions.

To remove these heavy metal ions there are some
conventional process for treating waste water effluent and
illuminating the harmful heavy metal ions from waste
water as shown in figure 4.

Figure 4.Heavy metal ions illuminate through conventional
process

The survey gives result that a lot of low cost adsorbent like
animal wastes, industrial wastes and agriculture wastes
are used in removing toxic metal ions from the industrial
waste water. Different type of functional group is present
on the outer surface of the adsorbent which contribute
important part in adsorbing that unwanted particles from
aqueous solution [55].

3. Adsorbent as bio adsorbent (activated carbon) in
adsorption for removing heavy metal ions- A bio-adsorbent
is prepared when Fe304 and modified sulton is placed on
the surface of activated carbon [56]. For making low-cost
this activated carbon is made from the pistachio shell
(agriculture waste). The study of the magnetic behaviour,
structure of adsorbent, morphology of the prepared
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activated carbon by vibrating sample magnetometer ( VSM
) [57], thermal gravimetric analysis ( TGA ) [58],
transmission electron microscopy ( TEM ) [59], Fourier
transform infrared spectroscopy ( FT-IR ) [60]. Under
assisted -ultrasound and with the help of Langmuir
adsorption isotherm [61] the tendency of adsorbent to
remove these heavy metals cd(Il), pb(l) and As(Il) is
studied. The limit of cd(Il), pb(Il), As(Ill) is adsorbed
119.03, 146.99, 151.50 mg g respectively and ultrasonic
time is recorded 10 mins. A good adsorbent comes under
these quality like it is recyclability, easily availability, low
cost, eco-friendly for removing toxic metal ions from
aqueous solution. The new technology which is use in
nowadays for removing heavy metal ions from
contaminated sources is ultrasound radiation which is very
effective technology [62].

4. Using synthesized zeolite as a adsorbent to remove toxic
metal ions from contaminated sources- From coal fly-ash
zeolite is synthesized and which is useful in removal
process of heavy metals like Ni2+ Pb2+ Cu?* Mn?* and Cd?*
from contaminated water [63].

Graphs of characteristic in between zeolite and fly-ash

(a) X-Ray Diffraction graph of fly-ash and adsorbent zeolite
are shown in fig 5.

Fig5
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(b) FTIR- Spectrum of fly-ash and zeolite are shown in fig
6.

Fig 6
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Fig 6.Fourier transform infrared spectroscopy of fly-ash
and zeolite

The pH of solution and cations will affects the removing
efficiency of the toxic ions .the increasing capacity of
cations are as follow Al3*> Mg2* < NHs*> Ca?* > Na*[64].
According to Langmuir model the metals are arrange with
maximum adsorbing tendency Cd?*, MnZ*, Pb2+, Ni2*, Cu2+
are 52.11, 30.39, 65.70, 34.39, 56.05 mg g-! [65]. Zeolite is
verified tested in removal of heavy metal ions from waste
water. So, result comes that synthesized zeolite which
comes from coal fly-ash is successfully in removing of
heavy metal ions from aqueous solutions [66].

References-

[1] M. Vakili, M. Rafatullah, B. Salamatinia, A.Z. Abdullah,
M.H. Ibrahim, K.B. Tan, Z.

Gholami, P. Amouzgar, Carbohydr. Polym. 113 (2014) 115-
130.

[2]D.HarikishoreKumarReddySeung-MokLee, Application
of magnetic chitosan composites for the removal of toxic
metal and dyes from aqueous solutions ,Advances in
Colloid and Interface Science ,Volumes 201-202, December
2013, Pages 68-93

[3]Lei Zhang a,b,YuexianZenga,b, Zhengjun Cheng ,Removal
of heavy metal ions using chitosan and modified chitosan,
Journal of Molecular Liquids 214 (2016) 175-191

Result and conclusion

Due to increasing industrialization day by day there is also
increase of use of heavy metal and this create a dangerous
environment problem [67]. Heavy metal gives lots of
dangerous health problem of human beings as well as
aquatic organism. So, it is very necessary to illuminate that
heavy metals ( Pb2+, Cd?*, Hg2+, Mn2+, Cu?*, Co?*, Ni2*, ZnZ*)
from the aqueous solution and make river, lake, sea
pollution free [68]. Different kind of conventional and
unconventional methods are available there are some
conventional process are reverse osmosis, ion-exchange,
membrane filtration, chemical precipitation, adsorption,
coagulation process are useful for removing of heavy metal
ions [69]. Among all of the above process adsorption
method is found more useful process. Excluding adsorption
process all have more disadvantage . So, adsorption is
more useful method. Even at low concentration adsorption
is more effective for illuminating toxic metal ions from
waste water [70]. For more efficient result we can use
activated carbon but due to consideration of economy we
cannot go in extensively usages of this adsorbent [71]. If
we look forward on low-cost adsorbent there is lots of
benefit like it is high adsorbing capacity, abundance,
renewability, easy separation, low cost [72]. Here we can
see that a lot of low-cost adsorbent variety present like
agriculture waste, industrial waste and animal waste in the
removing of toxic metal ions from waste water effluent.
Mostly all the adsorbent possess the phenol group,
carboxyl group, hydroxyl group on the surface of the
adsorbent [73] , which we simply called functional group ,
it activates the adsorbing capacity of adsorbent.

[4]S. Saha, P. Sarkar, Application of chitosan, a natural
aminopolysaccharide, for dye removal from aqueous
solutions by adsorption processes using batch studies: A
review of recent literature, ]. Hazard. Mater. 227-228
(2012) 68-78.

[5] KA.G. Gusmao, L.V.A. Gurgel, T.M.S. Melo, L.F. Gil, Dyes
Pigments 92 (2012)967-974.

[6] S. Markovi¢, A. Stankovi¢, Z. Lopici¢, S. Lazarevi¢, M.
Stojanovi¢, D. Uskokovi¢, J. Environ.Chem. Eng. (2015) .

[7]1 V. K. Gupta, . Tyagi, S. Agarwal, O. Moradi, H. Sadegh, R.
Shahryari-ghoshekandi, A. S. H. Makhlouf, M. Goodarzi& A.
Garshasbi (2015): Study on the removal of heavy metal
ions from industry waste by carbonnanotubes: effect of the
surface modification-A review, Critical Reviews in

IS0 9001:2008 Certified Journal | Page 1556

© 2021,IRJET | ImpactFactor value: 7.529


https://www.sciencedirect.com/science/article/abs/pii/S0001868613001176#!
https://www.sciencedirect.com/science/article/abs/pii/S0001868613001176#!
https://www.sciencedirect.com/science/journal/00018686
https://www.sciencedirect.com/science/journal/00018686
https://www.sciencedirect.com/science/journal/00018686/201/supp/C

‘ International Research Journal of Engineering and Technology (IRJET)

J]{? Volume: 08 Issue: 05 | May 2021

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Environmental Science and
DO0I:10.1080/10643389.2015.1061874

Technology,

[8] Mahmoodian, H., Moradi, O., Shariatzadeha, B., Saleh,
T.A., and Tyagi L, et al,, 2014. Enhanced removal of methyl
orange from aqueous solutions by poly HEMA-chitosan-
MWCNT nano-composite. ]. Mol. Liquids, 202: 189-198.

[9] Gupta, V.K, Nayak, A., Agarwal, S., and Tyagi, 1., 2014a.
Potential of activated carbon from waste rubber tire for
the adsorption of phenolics: Effect of pre-treatment
conditions. J. Colloids Surf. Sci., 417: 420-430.

[10] Khani, H., Rofouei, M.K,, Arab, P., Gupta, V.K, and
Vafaei, Z., 2010. Multi-walled carbon nanotubes-ionic
liquid-carbon paste electrode as a super selectivity sensor:
Application to potentiometric monitoring of mercury
ion(II). J. Hazard. Mater., 183: 402-409.

[11] Gupta, VK, Jain, R, Nayak, A, Agarwal, S, and
Shrivastava, M., 2011c. Removal of the hazardous dye:
Tartrazine by photodegradation on titanium dioxide
surface. Mater. Sci. Eng. C, 31: 1062-1067

[12] Gupta, VK, Alj, L, Saleh, T.A.,, Nayak, A., and Agarwal,
S, 2012a. Chemical treatment technologies for waste-
water recycling-an overview. RSC Adv., 2: 6380-6388.

[13] Gupta, V.K, Jain, R, Mittal, A, Saleh, T.A. Nayak, A,
Agarwal, S., and Sikarwar, S, 2012b. Photo-catalytic
degradation of toxic dye amaranth on TiO2/UV in aqueous
suspensions.Mater. Sci. Eng.: C, 32: 12-17.

[14] Nekouei, F., Nekouei, S., Tyagi, I, and Gupta, V.K,
2015. Kinetic, thermodynamic and isotherm studies for
acid blue 129 removal from liquids using copper oxide
nanoparticlemodifiedactivated carbon as a novel
adsorbent. J. Mol. Liquids, 201: 124-133.

[15] Moradi, O., Yari, M., Zare, K., Mirza, B., and Najafi, F.
(2012c). Carbon nanotubes: A review of

chemistry principles and reactions. Fullerenes, Nanotubes
and Carbon Nanostructures 20(2),138-151.

[16] Ouyang, M., Huang, ]. L., and Lieber, C. M. (2002). One-
dimensional energy dispersion of single-walled carbon
nanotubes by resonant electron scattering.Physical review
letters 88(6),

066804.

[17] Thostenson, E. T., Ren, Z., and Chou, T. W. (2001).
Advances in the science and technology of carbon

nanotubes and their composites: a review. Composites
science and technology 61(13), 1899-1912.

[18] Troiani, H. E., Miki-Yoshida, M., Camacho-Bragado, G.
A., Marques, M. A. L., Rubio, A., Ascencio, J. A., and Jose-
Yacaman, M. (2003). Direct observation of the mechanical
properties of single-walled carbon nanotubes and their
junctions at the atomic level.Nano letters 3(6), 751- 755.

[19] Wan, X, Dong, ], and Xing, D. Y. (1998). Optical
properties of carbon nanotubes.Physical
Review B 58(11), 6756-6759

[20] lijima, S. (1991). Helical microtubules of graphitic
carbon.Nature 354(6348), 56-58.

[21] Thsanullah, F.A. Al-Khaldi, B. Abusharkh, M. Khaled
and M.A. Atiehet al, 2015. Adsorptive removal of
cadmium(II) ions from liquid phase using acid modified
carbon-based adsorbents. J. Mol. Liquids, 204: 255-263.

[22] Al-Degs, Y. S, El-Barghouthi, M. I, Issa, A. A,
Khraisheh, M. A., and Walker, G. M. (2006). Sorption of Zn
(I, Pb (II), and Co (II) using natural sorbents: equilibrium
and kinetic studies. Water Research 40(14), 2645-2658.

[23] Ayala, ], Blanco, F., Garcia, P., Rodriguez, P., and
Sancho, J. (1998). Asturian fly ash as a heavy metals
removal material.Fuel 77(11), 1147-1154.

[24] BiSkup, B., and Suboti¢, B. (2005). Removal of heavy
metal ions from solutions using zeolites.III. Influence of
sodium ion concentration in the liquid phase on the
kinetics of exchange processes between cadmium ions
from solution and sodium ions from zeolite
ASeparationscience and technology 39(4), 925-940.

[25] Chen, C., and Wang, X. (2006). Adsorption of Ni (II)
from aqueous solution using oxidized multiwall carbon
nanotubes. Industrial & Engineering Chemistry Research
45(26),9144-9149.

[26] Chu, W. (1999). Lead metal removal by recycled alum
sludge. Water research 33(13), 3019-3025.

[27] Chen, C,, Li, X, Zhao, D., Tan, X,, and Wang, X. (2007).
Adsorption Kkinetic, thermodynamic and desorption studies
of Th (IV) on oxidized multi-wall carbon nanotubes.
Colloids andSurfaces A: Physicochemical and Engineering
Aspects 302(1), 449-454.

[28] Ekmekyapar, F., Aslan, A., Bayhan, Y. K., and Cakici, A.
(2006). Biosorption of copper (II) by

© 2021,IRJET | ImpactFactor value: 7.529

ISO 9001:2008 Certified Journal | Page 1557



‘ International Research Journal of Engineering and Technology (IRJET)

J]% Volume: 08 Issue: 05 | May 2021

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

nonliving lichen biomass of Cladoniarangiformishoffm.
Journal of hazardous materials137(1),293-298.

[29] Farghali, A. A,, Bahgat, M., EIRouby, W. M., and Khedr,
M. H. (2013). Decoration of multiwalled
carbon nanotubes (MWCNTs) with different ferrite
nanoparticles and its use as anadsorbent. Journal of
Nanostructure in Chemistry 3(1), 1-12.

[30] Li, Y. H,, Zhu, Y., Zhao, Y., Wu, D., and Luan, Z. (2006).
Different morphologies of carbon

nanotubes effect on the lead removal from aqueous
solution. Diamond and related materials 15(1), 90-94.

[31] Lin, D., and Xing, B. (2008). Adsorption of phenolic
compounds by carbon nanotubes: role of

aromaticity and substitution of hydroxyl groups.
Environmental science & technology 42(19), 7254-7259

[32] Moradi, O. (2011). The removal of ions by
functionalized carbon nanotube: equilibrium, isotherms
and thermodynamic studies. Chemical and Biochemical
Engineering Quarterly 25(2),229-240.

[33] Moradi, O., Maleki, M. S., and Tahmasebi, S. (2013b).
Comparison between Kinetics Studies of Protein
Adsorption by Single-walled Carbon Nanotube and Gold
Nanoparticles Surfaces.Fullerenes, Nanotubes and Carbon
Nanostructures 21(8), 733-748.

[34] Robati, D. (2013). Pseudo-second-order Kkinetic
equations for modeling adsorption systems for removal of
lead ions using multi-walled carbon nanotube. Journal of
Nanostructure in Chemistry3(1), 1-6.

[35] Li, Y. H, Wang, S., Wei, ], Zhang, X, Xu, C., Luan
Z.andWei, B. (2002). Lead adsorption on carbon
nanotubes. Chemical Physics Letters 357(3), 263-266.

[36] Chen, C., Hu, ], Shao, D., Li, ], and Wang, X. (2009).
Adsorption behavior of multiwall carbon nanotube/iron
oxide magnetic composites for Ni (II) and Sr (II).Journal of
hazardous materials164(2), 923-928.

[37] Yang, S., Li, ], Shao, D., Hu, ], and Wang, X. (2009).
Adsorption of Ni (II) on oxidized multiwalled carbon
nanotubes: effect of contact time, pH, foreign ions and PAA.
Journal ofhazardous materials 166(1), 109-116.

[38] Hagen, A., and Hertel, T. (2003). Quantitative analysis
of optical spectra from
singlewallnanotubes.Nano letters 3(3), 383-388.

individual

[39] S. Babel and T.A. Kurniawan, Chemosphere 54, 951
(2004). doi:10.1016/j. chemosphere.2003.10.001

[40] S.P. Dubey and K. Gopal, ]. Hazard. Mater.145, 465
(2007). doi:10.1016/j.jhazmat.2006.11.041.

[41] B. Geng, Z. Jin, T. Li and X. Qi, Sci. Total Environ. 407,
4994 (2009).d0i:10.1016/j. scitotenv.2009.05.051.

[42] R.M. Nthumbi, ].C. Ngila, B. Moodley, A. Kindness and
L. Petrik, Phys. Chem. Earth 50, 243 (2012).
doi:10.1016/j.pce.2012.07.001.

[43] S. Larous, A.H. Meniai and M. BencheikhLechocine,
Desalination 185, 483 (2005). doi:10.1016/
j-desal.2005.03.090.

[44]Singh N, Kumar D, Sahu AP ] 2007 , Arsenic in the
environment: effects on human health and possible
prevention. Singh N, Kumar D, Sahu AP ] Environ Biol.
2007 Apr; 28(2 Suppl):359-65.

[45]Qing-Qing Xiao, Dong Liu, Ying-Li Wei, Guang-Hua Cui
,A new multifunctional two-dimensional cobalt(Il) metal-
organic framework for electrochemical detection of
hydrogen peroxide, luminescent sensing of metal ions, and
photocatalysis, PolyhedronVolume 158, 15 January 2019,
Pages 342-351

[46]Giuseppe Genchi, Maria StefaniaSinicropi,
GraziantonioLauria,AlessiaCarocci, Alessia Catalano, The
Effects of Cadmium Toxicity, Int. ]J. Environ. Res. Public

Health 2020, 17(11), 3782

[47] Lisa M. Gaetke,! Hannah S. Chow-Johnson,? and Ching
K.  Chow ,Copper: Toxicological relevance and
mechanisms, Arch Toxicol. 2014 Nov; 88(11): 1929-1938.
Published online 2014 Sep 9.

[48] Duan N, Wang XL, Liu XD, Lin C, Hou ]. Effect of

anaerobic fermentation residues on a chromium-

contaminated soil-vegetable system. Procedia

Environmental Sciences. 2010;2:1585-1597.

[49] Clayton PT. Inherited disorders of transition metal
metabolism: an update. ] Inherit Metab Dis. 2017;40:519-
29.

[50] Veronica Annalisa

PlacidoBramanti &

LanzaCariccio, Sama,
EmanuelaMazzon,Mercury

Involvement  in Neuronal Damage and in

© 2021,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 1558


https://www.sciencedirect.com/science/article/abs/pii/S0277538718307344#!
https://www.sciencedirect.com/science/article/abs/pii/S0277538718307344#!
https://www.sciencedirect.com/science/article/abs/pii/S0277538718307344#!
https://www.sciencedirect.com/author/35253451200/guanghua-cui
https://www.sciencedirect.com/science/journal/02775387
https://www.sciencedirect.com/science/journal/02775387
https://sciprofiles.com/profile/196605
https://sciprofiles.com/profile/208288
https://sciprofiles.com/profile/author/YzFPWENZYU1yVjhPbDh6c2R4U3Y4WHkzT09qR3M2akpCYlp3dkZNSjB3VT0=
https://sciprofiles.com/profile/834556
https://sciprofiles.com/profile/882419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gaetke%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=25199685
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chow-Johnson%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=25199685
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chow%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=25199685
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chow%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=25199685
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25199685
https://link.springer.com/article/10.1007%2Fs12011-018-1380-4#auth-Veronica_Lanza-Cariccio
https://link.springer.com/article/10.1007%2Fs12011-018-1380-4#auth-Annalisa-Sam_
https://link.springer.com/article/10.1007%2Fs12011-018-1380-4#auth-Placido-Bramanti
https://link.springer.com/article/10.1007%2Fs12011-018-1380-4#auth-Emanuela-Mazzon

‘ International Research Journal of Engineering and Technology (IRJET)

J]{? Volume: 08 Issue: 05 | May 2021

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Neurodegenerative Diseases Biological Trace Element
volume 187, pages341-356(2019)

[51] Kumar, S., A. Islam, H. Ahmad, and N. Zaidi. 2019.
'Graphene Oxide Supported on Amberlite Resin for the
Analytical Method Development for Enhanced Column
Preconcentration/Sensitive Flame Atomic Absorption
Spectrometric Determination of Toxic Metal Ions in
Environmental Samples’, Industrial & Engineering
Chemistry Research, 58: 8309-16.

[52] Stuart D. Portbury , Paul A. Adlard, Zinc Signal in
Brain Diseases, Int. J. Mol. Sci. 2017, 18(12), 2506

[53]Najeeb U, Ahmad W, Zia MH, Malik Z, Zhou W.
Enhancing the lead phytostabilization in wetland plant
Juncuseffusus L. through somaclonal manipulation and
EDTA enrichment. Arab ] Chem. 2014

[54] Grazuleviciene R, Nadisauskiene R, Buinauskiene ],
Grazulevicius T. Effects of Elevated Levels of Manganese
and Iron in Drinking Water on Birth Outcomes. Polish | of
Environ Stud. 2009;18(5):819-825

[55] RupaChakraborty, AnupamaAsthana, Ajaya Kumar
Singh, Bhawana Jain &Abu Bin Hasan Susan ,Adsorption of
heavy metal ions by various low-cost adsorbents,
International Journal of Environmental Analytical
Chemistry ISSN: 0306-7319 (Print) 1029-0397

[56] VajiheNejadshafieea,b, Mohammad Reza
Islamia,Adsorption capacity of heavy metal ions using
sultone-modified magnetic activated carbon as a bio-
adsorbent, Materials Science & Engineering C 101 (2019)
42-52

[57] NasibehNikraftar &FarshidGhorbani, Adsorption of
As(V) Using Modified Magnetic Nanoparticles with
Ascorbic Acid: Optimization by Response Surface
Methodology, Water, Air, & Soil Pollution volume 227,
Article number: 178 (2016)

[58]VajiheNejadshafiee!, = Mohammad Reza  Islami
,Adsorption capacity of heavy metal ions using sultone-
modified magnetic activated carbon as a bio-adsorbent,
Mater SciEng C Mater BiolAppl 2019 Aug;101:42-52. doi:
10.1016/j.msec.2019.03.081. Epub 2019 Mar 23.

[59] Yaqin Yu,! Xinrui Li,! and Jiemin Cheng, A Comparison
Study of Mechanism: Cu?* Adsorption on Different
Adsorbents and Their Surface-Modified Adsorbents,
Volume 2016 |Article ID 7936258

[60] MunusamyThirumavalavan, Yi-Ling Lai and Jiunn-
Fwu Lee", Fourier Transform Infrared Spectroscopic
Analysis of Fruit Peels before and after the Adsorption of
Heavy Metal lons from Aqueous Solution, . Chem. Eng.
Data 2011, 56, 5, 2249-2255 ,April 12, 2011

[61]S. Abbasi, R. Foroutan, H. Esmaeili and F.
Esmaeilzadeh, Desalin. Water Treat. 141, 269 (2019).

[62] Swagatam ,Sarkar ,Mitali ,Sarka, Ultrasound assisted
batch operation for the adsorption of hexavalent
chromium onto engineered nanobiocomposite, Volume 5,
Issue 4, April 2019.

[63] Kuang Hel &Yuancai Chenl &Zhenghua Tangl
&Yongyou Hul, Removal of heavy metal ions from aqueous
solution by zeolite synthesized from fly ash, Environ
SciPollut Res, 25 June 2015 /Accepted: 14 September 2015

[64] Monisha]aishankar, Tenzin Tseten, NareshAnbalagan,
Blessy B. Mathew and Krishnamurthy N. Beeregowda,
Toxicity, mechanism and health effects of some heavy
metals, InterdiscipToxicol. 2014 Jun; 7(2): 60-72.

[65]DongxiaoOuyang 1,, YutingZhuo 2,f, Liang Hu 1,
QiangZeng 1, Yuehua Hu 1 and Zhiguo He 1,*Research on
the Adsorption Behavior of Heavy Metal lons by Porous
Material Prepared with Silicate Tailings, Minerals 2019, 9,
291

[66] A. Hamadi! and K. Nabih!, Synthesis of Zeolites
Materials Using Fly Ash and Oil Shale Ash and Their
Applications in Removing Heavy Metals from Aqueous
Solutions, Journal of Chemistry Volume 2018 |Article ID
6207910.

[67] JessicaBriffa2 ,EmmanuelSinagrab, RenaldBlundell,
Heavy metal pollution in the environment and their
toxicological effects on humans, Volume 6, Issue 9,
September 2020, e04691

[68] SarikaSingh1l , K. C. Barick2 and D. Bahadurl*
Functional Oxide Nanomaterials and Nanocomposites for
the Removal of Heavy Metals and Dyes, arick and D.
Bahadur: Functional Oxide Nanomaterials

[69]D. K. Adekeyel , O. K. Popoolal , S. S. Asaolul , A. A.
Adebaworel , O. I. Aremul , K. 0. Olabode2, Adsorption
and Conventional Technologies for Environmental

© 2021,IRJET | ImpactFactor value: 7.529

IS0 9001:2008 Certified Journal | Page 1559


https://sciprofiles.com/profile/author/bmdtM2gvajhicFJjOUlFUk9GN1AvT05SdDNjeHY5YTlMLzZsMDJCTHNkaz0=
https://sciprofiles.com/profile/335014
https://link.springer.com/article/10.1007/s11270-016-2876-1#auth-Nasibeh-Nikraftar
https://link.springer.com/article/10.1007/s11270-016-2876-1#auth-Farshid-Ghorbani
https://link.springer.com/journal/11270
https://pubmed.ncbi.nlm.nih.gov/?term=Nejadshafiee+V&cauthor_id=31029336
https://pubmed.ncbi.nlm.nih.gov/?term=Nejadshafiee+V&cauthor_id=31029336
https://pubmed.ncbi.nlm.nih.gov/?term=Islami+MR&cauthor_id=31029336
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Munusamy++Thirumavalavan
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Yi-Ling++Lai
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jiunn-Fwu++Lee
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jiunn-Fwu++Lee
https://www.sciencedirect.com/science/article/pii/S2405844018370877#!
https://www.sciencedirect.com/science/article/pii/S2405844018370877#!
https://www.sciencedirect.com/science/journal/24058440/5/4
https://www.sciencedirect.com/science/journal/24058440/5/4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jaishankar%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tseten%20T%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anbalagan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathew%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beeregowda%20KN%5BAuthor%5D&cauthor=true&cauthor_uid=26109881
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427717/
https://www.hindawi.com/journals/jchem/
https://www.sciencedirect.com/science/article/pii/S2405844020315346#!
https://www.sciencedirect.com/science/article/pii/S2405844020315346#!
https://www.sciencedirect.com/science/article/pii/S2405844020315346#!
https://www.sciencedirect.com/science/journal/24058440/6/9

’ International Research Journal of Engineering and Technology (IRJET)

]f:ﬁ«‘ Volume: 08 Issue: 05 | May 2021

www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

Remediation and Decontamination of Heavy Metals,
International Journal of Research & Review, Vol.6; Issue: 8;
August 2019

[70] N.K.Solimana, A.F.Moustafa, Industrial solid waste for
heavy metals adsorption features and challenges, Journal
of Materials Research and TechnologyVolume 9, Issue 5,
September-October 2020, Pages 10235-10253

[71]HamidrezaSadegh, Gomaa A. M. Ali, Vinod Kumar
Gupta, Abdel Salam HamdyMakhlouf, RaminShahryari-
ghoshekandi, Mallikarjuna N. Nadagouda, Mika Sillanpaa
&ElzbietaMegiel, The role of nanomaterials as effective

© 2021,IRJET | ImpactFactor value: 7.529

adsorbents and their applications in wastewater
treatment, Journal of Nanostructure in Chemistry volume 7,
pages1-14(2017)

[72] Mohamed Sulyman!, Jacek Namiesnik!, Andrzej
Gierak?, Low-cost Adsorbents Derived from Agricultural
By-products/Wastes for Enhancing Contaminant Uptakes
from Wastewater, Pol. ]. Environ. Stud. 2017;26(2):479-
510

[73] Woo-seok Shin, Adsorption characteristics of phenol
and heavy metals on biochar from Hizikiafusiformis,
Environmental Earth Sciences volume 76, Article number:
782 (2017)

IS0 9001:2008 Certified Journal | Page 1560


https://www.sciencedirect.com/science/article/pii/S2238785420315441#!
https://www.sciencedirect.com/science/article/pii/S2238785420315441#!
https://www.sciencedirect.com/science/journal/22387854
https://www.sciencedirect.com/science/journal/22387854
https://www.sciencedirect.com/science/journal/22387854/9/5
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Hamidreza-Sadegh
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Gomaa_A__M_-Ali
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Vinod_Kumar-Gupta
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Vinod_Kumar-Gupta
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Abdel_Salam_Hamdy-Makhlouf
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Ramin-Shahryari_ghoshekandi
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Ramin-Shahryari_ghoshekandi
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Mallikarjuna_N_-Nadagouda
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-Mika-Sillanp__
https://link.springer.com/article/10.1007/s40097-017-0219-4#auth-El_bieta-Megiel
https://link.springer.com/journal/40097
https://link.springer.com/article/10.1007/s12665-017-7125-4#auth-Woo_seok-Shin
https://link.springer.com/journal/12665

