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ABSTRACT 

In the present research work we have done some preliminary work related to water purification especially 

contaminated by arsenic and chromium. We have synthesized iron functionalized ZnO2 nanomaterials of varying 

sizes characterized the phase of iron functionalized ZnO2 nanomaterial by XRD, shape and particle size by SEM, 

TEM and particle size by Microtech particle analyser. It was further characterized by Dynamic Light Scattering 

(DLS) method in order to determine their average particle size and magnitude of the overall charge on the 

nanoparticles and have been used for expatriation of arsenic and chromium. The proposed nanomaterials are of low 

cost, non toxic and highly efficient in removing arsenic and chromium from drinking water. The proposed 

nanomaterials purify arsenic and chromium contaminated water up to the permissible range of drinking water. The 

arsenic and chromium removal efficiency of iron functionalized ZnO2 nanomaterial are taken at different time 

interval and pH range. It has been concluded from the observation that iron functionalized ZnO2 nanomaterial is more 

effective and removes arsenic and chromium, below detection limit of FAAS/ AAS-HG (Atomic absorption 

spectroscopy (AAS)). The purified water can be used for drinking purpose and other house hold utilities. We have 

made attempt for the appropriate removal of heavy metals (Arsenic and Chromium) from contaminated water below 

the prescribed limit of World Health Organization (WHO) and Environmental Protection Agency (EPA) by using 

low cost, iron functionalised zinc peroxide nanomaterial. 

KEY WORDS: ZnO2 nanomaterial, Iron functionalized ZnO2 nanomaterial, Arsenic and Chromium removal, 
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1. INTRODUCTION 

Worldwide several countries mainly developing country are suffering from water borne diseases because of 

the toxic contaminations in water, discharge from industries and transport sector. The demand of pure water is 

increasing because most of the water reservoirs are getting contamination and water level is going very down. It is 

the direct effect of population growth and extended drought (Quick, 1997). Over the past 20 years, about 1.5 billion 

people are suffering from contamination of drinking water. The quality of drinking water can affect by natural and 

anthropogenic activities (Yu, 2004). These activities can produces many types of contaminates like organic, 

inorganic (heavy metals), and biological. This is one of the major reasons of death all over the world. Heavy metals 

pollution is becoming one of the most serious environment problems globally (Fujita, 2014; Al-Musharsfi, 2013; 

Naser, 2013; Akinci, 2013). It is still the challenging task to remove the undesirable metals from the water system. 

It can causes the dangerous health problems including the reduced growth and development, cancer, organ damage, 

nervous system damage and in utmost cases death. Many metals are highly toxic and carcinogenic in nature. Even 

if they are present at low concentration in water, can pose a significant threat to human and ecosystem health. To 

protect water sources, wastes must be properly treated before they are discharge to watercourses (Chambers, 2000; 

Environment Canada, 2001). WHO (World Health Organisation) (Environment Canada, 2009) or EPA 

(Environmental Protection Agency) have proposed a guideline for the maximum allowable limits in water, like total 

pesticides should not be more than 0.3ppm, arsenic <10ppb, chromium <50ppb, nitrites 50ppm. Toxicological 

studies (Babel, 2003) have shown that the Heavy metal ions toxicity depends on its oxidation state. For example 

Chromium present in  industrial effluents is usually introduced in the environment in two stable oxidation states +3 

and +4, Cr (III) is a vital micro nutrient for plants and animals whereas Cr (VI) is soluble and hazardous to health. 

In natural water chromium ions generally appear as chromate and cationic hydroxo complexes. The recommended 

limits of chromium (VI) in potable water is 0.05 ppm (Hall, 2002). Arsenic exists in two forms Inorganic and organic. 

Inorganic Arsenic is carcinogenic in nature. Maximum acceptable concentration (WHO) for arsenic is 0.01mg/l or 

10 ppb. Heavy metals toxicities is all because of its interaction with certain ligands of amino acids, inhibition and 

reduction of various enzymes in the body and substitution of vital metal ions from enzymes.  

There are so many techniques and adsorbent materials that are being used for removal of heavy metals from 

contaminated water like photo catalytical oxidation, chemical coagulants, electrochemical, bioremediation, ion-
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exchange resins, reverse osmosis, and adsorption (Fu, 2011; Hashim, 2011). But most of the techniques have many 

drawbacks, such as high maintenance & costs for treatment (Murray, 2001). Thus we have synthesized cheap and 

cost effective nanomaterials that can be used for the removal of heavy metals (As and Cr) from contaminated water. 

Conventional techniques are available for the removal of heavy metals from the liquid phase. These techniques 

mainly are solvent extraction, evaporation and coagulation and so on. Treatment of heavy metal by conventional 

technique has limitations such as (i) its required high skilled operator (ii) demands  higher energy requirement 

because sometime microflocs  formed which is often difficult to remove.(iii) the process is expensive for  treatment 

of  toxic sludge and other waste product not more achievable with high levels of TDS (Payment, 1991). Therefore 

these technologies are expensive in investment cost, high cost and complex for removal of arsenic and chromium 

from contaminated water. Keeping above facts an attempt has been made for the appropriate removal of heavy metals 

(As and Cr) from contaminated water below the prescribed limit of World health organization (WHO) and 

Environmental Protection Agency (EPA) by using low cost,  iron functionalised zinc peroxide nanomaterial. 

Application of iron oxide based nanomaterial is now considered as one of the best technique for removal of heavy 

metals contamination from the water because of its unique characteristics property like low toxicity, chemical 

inertness, biocompatibility and super para magnetism (Xu, 2012; Warner, 2012; Karatapanis, 2012; Yang, 2012). It 

is environmentally friendly.  Today research is going on use of nanotechnology for water purification because of 

their intense response due to their wide surface area and volume ratio (Hua, 2012; Kharisov, 2012; Feng, 2012). 

2. EXPERIMENTAL 
Materials/ Chemicals details: All the chemicals used for the synthesis of intrinsic ZnO2, iron functionalised ZnO2 

and  determination of arsenic and chromium by AAS like sodium borohydride (NaBH4), ethanol (C2H5OH), zinc 

nitrate (ZnNO3), zinc sulphate (ZnSO4), zinc chloride (ZnCl2), Ferrous Sulphate (FeSO4), hydrogen peroxide (H2O2), 

polyvinyl pyrrolodone (PVP), zinc acetate (Zn (CH3COOH)2), methanol (CH3OH), ammonium hydroxide (NH4OH),  

3-Mercaptopropanoic, acetone etc. used were of analytical grade (E. Merck). 35% of HCl of GI grade was also used. 

All the solutions were prepared in de-ionized water. The reference standards stock solution of 1.0 mg/litre (BND 

301.03; NPL-India) of arsenic and 1000 mg/litre of chromium solution of SCP make were used for calibration of 

AAS instrument after subsequent dilutions. For arsenic removal studies 1000 mg/litre of Merck-Germany make 

standard reference solution, arsenic acid (H3AsO4) solution prepared after dissolving arsenic oxide (As2O3) in nitric 

acid  have been used. While for chromium studies 1000 mg/litre of SCP Science standard reference solution and 

chromium (VI) standard solution prepared after dissolving high purity potassium dichromate in de-ionized water. 

All these solutions were used after subsequent dilutions. All the acid dissolution, dilutions work was carried out in 

laminar flow bench with ventilation systems. The weighing work has been done using Ohaus make, GD 200 model 

balance. An oven (SE Heatech Silgomelt Pizautovens), a hot plate (Ambassador), Centrifuge (Remi C-24 plus) ultra-

sonicator (Elma transonic T 700-H), and magnetic stirrer (Remi equipment Pvt. Ltd.) have been used to dry the 

precipitate at 1200C and to digest the test sample respectively. 

The synthesized intrinsic and iron functionalised ZnO2 powders were characterized by XRD (X-Ray 

diffraction) using Bruker AXS D8 advance diffractometer. Diffractograms were recorded using CuK radiation with 

a graphite monochromator in the diffracted beam. The structural analysis of synthesized materials before and after 

arsenic and chromium removal were examined by using Scanning electron microscope, FEI make transmission 

Electron Microscopy (TEM), Netherland, F-30 G2 STWIN, FEG operated at 300 kV. Analytic Jena make, vario-6 

model Atomic Absorption Spectrometer-Hydride Generator (AAS-HG) has been used for determination of arsenic 

and total chromium. Particle size of as synthesized iron oxide doped zinc peroxide nanostructure was measured by 

Malvern particle size analyzer (Model Micro-P, range 0.05-550 micron). 

Material synthesis: 

Synthesis of intrinsic zinc peroxide: Intrinsic zinc peroxide was prepared by 10g of zinc acetate and 2g Polyvinyl 

Pyrrolodone (PVP) were poured into a 1 litre beaker containing 400ml of methanol in it with constant stirring using 

kabin scientific instrument at temp 500±20C. During stirring added small amount of dilute solution of ammonium 

hydroxide (1:4 water: ammonia) of NH4OH in the resulting solution. White precipitate was formed then NH4OH 

added again up to completely dissolution of precipitate. To this solution added 30ml of 30% H2O2 drop by drop with 

constant stirring and stirred for half an hour. After that solution had been cooled at room temp and centrifuged 7000-

8000rpm, repeatedly was washed with boiled de-ionized water followed by 2-3 times washing with solvent to make 

sure complete removal of free hydrogen peroxide and water/ solvent soluble material. Finally the precipitate was 

dried 1050C for 6-7 hours. The precipitate was grind in a pestle motor (Singh, 2015).  

Synthesis of iron functionalized zinc peroxide (Set-1):                                                                              

Preparation of zinc solution (Sol A): Zinc solution was prepared by 20g of zinc acetate and 12g of PVP were 

poured into a 1 litre beaker containing 100ml of distilled water and steadily added 300ml methanol in it and it was 

appeared as complete dissolved transparent solution. And then added drop by drop 1:1 ammonia solution in the 
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reaction mixture kept at 500C with constant stirring. At the starting the salt completely dissolved in reaction mixture 

with little bit turbidity which disappeared on adding again ammonia solution as per requirement. 

Preparation of iron solution (Sol B): Iron solution was prepared by 4g of FeSO4 and 3g of PVP poured into a 

beaker containing 150 ml of 1:1 methanol and distilled water. 

Preparation of ferric doped zinc peroxide: In solution A, 2.5ml of MPA (mercapto propanoic acid) was added and 

stirrer for 20 min and then added Solution B in Sol A drop after drop while constantly stirring using kabin scientific 

instrument at temp 550±50C. As time went, the resulting solution becomes greenish yellow color. To this solution 

equimolar quantity of 1:1 H2O2 diluted was added drop by drop. White precipitate forms and it was stirred for 1 hour.  

After that solution had been cooled at room temp and precipitate was centrifuged at 7000-8000 rpm and repeatedly 

was washed with boiled de-ionized water followed by 2-3 times washing with solvent to make sure complete removal 

of free hydrogen peroxide and water / solvent soluble material. Finally the precipitate was dried 1050C for 6-7 hours 

and was grind in a pestle motor.                                                                                          

Synthesis of ferric functionalized zinc peroxide (Set-2):           

Preparation of zinc solution (Sol A): Zinc solution was prepared by 20g of zinc acetate and 20g of PVP were 

poured into a beaker containing 150ml of distilled water and gradually added methanol until it was appeared as 

complete dissolved transparent solution. And then added drop by drop 1:1 ammonia solution in the reaction mixture 

was kept at 500C with constant stirring. At the starting the transparent solution gives white precipitate of zinc 

hydroxide and then added excess of 1:1 ammonia until get the complete dissolution of precipitate in the reaction 

mixture. 

Preparation of iron solution (Sol B): Iron solution was prepared by 6g of FeSO4 and 8g of PVP poured into a 

beaker containing 100 ml of 1:1 methanol and distilled water. 

Preparation of ferric doped zinc peroxide: In solution A, added Solution B drop by drop with constant stirring 

using Kabin scientific instrument at temp 550±50C. As time went, the resulting solution becomes yellowish brown 

colour. To this solution equal molar of 1:1 H2O2 diluted was added drop by drop and then the solution turned to dark 

brown from yellowish brown colour. After that solution had been cooled at room temp and precipitate was 

centrifuged at 7000-8000 rpm and repeatedly was washed with boiled de-ionized water followed by 2-3 times 

washing with solvent to make sure complete removal of free hydrogen peroxide and water / solvent soluble material 

and divided into two parts. One half part of centrifuged dried at 1050 C for 6-7 hours and grind in a pestle motor other 

half part added 2g sodium oleate and 100ml distilled water. The synthesized intrinsic zinc peroxide and iron 

functionalized zinc peroxide nanomaterial powders were characterized for various phases by X-ray diffraction 

(XRD). The morphology of synthesized materials before and after arsenic and chromium removal was examined by 

using Transmission Electron Microscope (TEM) and Scanning Electron Microscope (SEM). Scanning electron 

microscope (SEM) has been used for examine the surface morphology of the sample and transmission electron 

microscope (TEM) has been used to investigate the microstructure of synthesized iron oxide powder 

Experimental Work of AAS (Atomic Absorption Spectrometer): 

AAS (atomic absorption spectrometer): Hydride Generator was used in AAS to determine arsenic at wavelength 

193.7nm, 0.2nm (slit) and argon (100ml/min) as a carrier gas, after reducing arsenic (V) in Arsenic (III) by potassium 

iodide and ascorbic acid. The volatile AsH3 is formed by the reaction between sodium borohydride 3% as a reducing 

agent and HCl 5% with arsenic which atomize at 900 °C. While the determination of chromium has been done up to 

ppm level by FAAS using mixture of air (5litre/minute) and acetylene (1.5litre/minute flame rich) at 357nm 

wavelength and 0.5 nm slit. The lower concentrations were determined by GFAAS using argon as carrier gas Arsenic 

and chromium, removal studies were carried out using AAS-HG and FAAS respectively. The calibration of AAS-

HG and FAAS was done using different calibration standards. 

Effect of pH on removal of Arsenic and Chromium: The pH plays a vital role in adsorption process for arsenic 

and chromium as it regulates the  adsorbent’ s surface charge   and the degree of ionization of the adsorbate in 

aqueous solution and it also eases the solid and liquid interface during adsorption process. For arsenic removal studies 

a stock solution of 10.038ppb was used after subsequent dilutions, where as for chromium 1000ppm standard stock 

solution was used after appropriate dilutions. The stock solution was diluted up to 1ppm range. Two sets (Six each) 

of iron functionalised ZnO2 for arsenic & chromium of different pH were taken in separate pre-clean and dried 

beakers. The pH of each set was measured using calibrated pH meter. To optimize pH for maximum adsorption 

several experiment were carried out by adjusting the pH of the solutions around; 3.5, 4.8, 6, 7.5, 8.5, and 10 using 

0.001M hydrochloric acid (HCl) and 0.001M Ammonium hydroxide (NaOH). In each bottle 100mg of synthesized 

intrinsic and iron functionalised ZnO2 were added to each solution. The solutions were ultra-sonicated and were kept 

at room temperature for 60 minutes. The solutions were then tested for the left over concentration of arsenic, and 

chromium using AAS-HG (atomic absorption spectrometer –hydride generator) for determination of arsenic zeenit-

60, Analytik Jena make, Graphite Furnace Atomic Absorption Spectrometer (GFAAS) was used for determination 

of low concentration of chromium using argon as carrier gas.                                                                       
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Effect of Time on Arsenic and Chromium Adsorption: Experiments were carried out at different time intervals 

in order to optimize adsorption time. Time intervals set was 5, 10, 20, 30, 35 and 40 minutes using same amount of 

adsorbent dose of Chromium and arsenic solutions.  

3. RESULT AND DISCUSSION 

XRD: The intrinsic ZnO2 were recorded in diffraction patterns 2θ range from 200 to 800. All diffractions peaks were 

correspond to ZnO2 conforming formation of single phase material in each case. Scherer’s equation was used to 

estimate the crystallite sizes of zinc peroxide. A representative XRD of ZnO2 (fig.1a). XRD of synthesized intrinsic 

zinc peroxides nanomaterial shows pure phase of zinc peroxide and HRTEM micrograph shows spherical nature of 

the nanoparticles and figure.1b shows the TEM image of synthesized intrinsic ZnO2. Figure 2a shows that pure phase 

of ferric hydroxides and zinc peroxide iron functionalised zinc peroxide nanoparticles. The synthesized materials are 

in nano meter range and it is crystalline in nature was confirmed by the sharpness of peak 

 
Figure.1a. XRD of intrinsic ZnO2 and figure.1b. TEM image of intrinsic ZnO2 

 
Figure.2a. XRD of iron functionalised ZnO2 and figure.2b. TEM image of iron functionalised ZnO2 

TEM: Figure 1b represents the TEM micrograph of ZnO2 as synthesized with lattice spacing of about 0.278 nm         

(~ 2.8 Ǻ for the (111) plane in the cubic ZnO2. The micrograph shows that the product is composed of micro spheres 

with diameters of 15-20 nm. There is a clear agglomeration in the sample but all the spheres have a distinct boundary.  

Using Scherrer’s equation, the ZnO2 nanomaterial’s crystallite size was found to be 9 ± 3 nm, which was further 

proven by TEM studies (10 ± 3 nm).  

Particle Size Distribution: The average size of iron functionalized ZnO2 nanoparticles was found to be 143.7 nm.       

 
Figure.3. The particle size distribution of chemically synthesized iron functionalized ZnO2 

Table.1. Particle size Distribution by Intensity of iron functionalized ZnO2 

Sample Z-Average PDI Peak  size (r.nm) Width (r.nm) Intensity% 

Iron functionalized ZnO2 143.7 0.232 1 191.3 101.10 100 
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Effect of pH on Arsenic Adsorption: 

Table.2. Effect of pH on arsenic adsorption using Fe, Functionalized ZnO2 

Material used pH variation Arsenic taken (ppb) Arsenic removal (ppb) 

Iron functionalised ZnO2 3.7 1000 825 

4.9 1000 887 

6.6 1000 999 

7.6 1000 998 

8.4 1000 885 

9.9 1000 745 

From the table.2, it has been concluded that at pH range 6.6 to 7.6, maximum absorption take place in             

40 min. So, next experiment has been done for maximization of time at same concentration (1000ppb).  

 
Figure.4. Effect of pH on arsenic adsorption using Fe, functionalized 

The effect of pH on removal of Arsenic is given in figure 4 and it has been concluded that 6.6-7.6 range is 

the best range for chromium removal. The removal efficiency of Iron functionalized ZnO2 nanomaterial sequentially 

decreases above and below of the optimized pH range. 

Effect of Time on Arsenic Adsorption: 

Table.3. Effect of time on arsenic adsorption using Fe, functionalized ZnO2 at 6.5-7.5 pH range 

Material used  At constant pH Time (in min) Initial conc. of 

arsenic (ppb) 

Arsenic removal               

(ppb) 

Iron functionalised 

ZnO2 

6.5-7.5 5 1000 598 

6.5-7.5 10 1000 765 

6.5-7.5 15 1000 840 

6.5-7.5 20 1000 919 

6.5-7.5 25 1000 955 

6.5-7.5 30 1000 998 

6.5-7.5 35 1000 999 

6.5-7.5 40 1000 998 

From table.3, it is evident that maximum absorption occurs within 30min at pH 6.5-7.5. On further increasing 

time no significant changes has been observed. 

 
Figure.5. Effect of time on arsenic adsorption using Fe, functionalized ZnO2 at 6.5-7.5 pH range 
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Effect of pH on Chromium Adsorption: 

Table.4. Effect of pH on Chromium adsorption using Iron functionalised ZnO2 

Material used pH variation Chromium taken    (ppb) Chromium removal (ppb) 

Iron functionalised ZnO2 3.4 1000 832 

4.7 1000 863 

6.1 1000 986 

7.5 1000 988 

8.3 1000 854 

9.5 1000 750 

From the table.4, it has been concluded that at pH range 6.1 to 7.5, maximum absorption take place in              

40 min. So, next experiment has been done for maximization of time at same concentration (1000ppb). 

 
Figure.6. Effect of pH on Chromium adsorption using Fe, functionalized ZnO2 

Table.5. Effect of time on Chromium adsorption using Fe, functionalized ZnO2 at 6.1-7.5 pH range 

Material used Time (in min) Initial conc. of chromium (ppb) Chromium removal (ppb) 

Iron functionalised 

ZnO2 

5 1000 645 

10 1000 777 

15 1000 858 

20 1000 939 

25 1000 965 

30 1000 993 

35 1000 993 

40 1000 995 

From table.5, it is evident that maximum absorption occurs within 30min at pH 6.1-7.5. On further increasing 

time no significant changes has been observed. 

  
Figure.7. Effect of time on Chromium adsorption using Fe, 

functionalized ZnO2 at 6.1-7.5 pH range 

Figure.8. Graphical Abstract 
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Figure.9. Experimental setups/ Schematics for Preparation of synthesized iron functionalized ZnO2 

 

      
Figure.10. Iron functionalised ZnO2 after removal of arsenic (a) and chromium(b) 

 

4. CONCLUSION 

The Iron functionalized ZnO2 are good adsorbent and insoluble in water. Therefore it increases the reactivity 

of zinc peroxide by adding in it. The pH of water does not change after treatment with nanoparticles. This is a facile 

method of preparation and eco-friendly .The recovery is more than 98% using normal chemical hence the material 

is cost effective. The solvent can be recovered after synthesis of the material which is further added advantages of 

the process. No requirement of any costly or sophisticated instruments for the synthesis of the material. Initially the 

adsorption increases on increasing pH but after a particular point, the adsorption remains constant. After optimization 

of pH time, studies have been done to check the effect of time on adsorption. Maximum absorption of Arsenic occurs 

within 30min at pH 6.5-7.5 and whereas Chromium occurs within 30min at pH 6.1-7.5. On further increasing time 

no significant changes has been observed. So the proposed material removes arsenic and chromium within 30 minutes 

efficiently and effectively. The purified water can be used for portable use as well as for other household utilities. 

For the purification of water contaminated by toxic metallic species like arsenic and chromium a simple, fast, low 

cost and non-toxic material has been presented. The material can be synthesized in bulk without help of any costly 

equipment. The material is of non-hazardous nature. The pH is the major deciding factor for quality of water, the 

proposed material do not altered even after adding and after removal of toxic contaminants like arsenic and 

chromium.  

Scope: The proposed material can be safely used for water purification. The material will be beneficial for bulk 

purification of water. It can be impregnated in membrane form to make it commercial able in sophisticated water 

purification syst. This could further benefits army troops. They can carry few gram of propose material to purify the 

water of drain, ponds and river etc.  

5. ACKNOWLEDGMENT 

The authors would like to thank CSIR-National Physical Laboratory, New Delhi, India and Amity University, Noida, 

India for their kind support in providing the facilities for successful conduction of this research work. 

Author’s contributions: Conceived the plan:  Dr. Nahar Singh, Dr. Anita Gupta and Rohit Babu Aniyery; Performed 

the expeirments: Anjali Sharma and Bharti Sharma; Data analysis: Rohit Babu Aniyery and Bharti Sharma; Wrote 

the paper: Anshika Tyagi. Authors have no competing financial interests. 

Funding: This research did not receive any specific grant from funding agencies in the public, commercial, or not-

for-profit sectors. 

 

Solution-A Solution- B

a b



ISSN (Print 0974-2115) (Online 2349-8552) 
www.jchps.com                                                                       Journal of Chemical and Pharmaceutical Sciences 

October - December 2019           141                                                   JCPS Volume 12 Issue 4 

REFERENCES 

Akinci G, Guven D.E, Ugurlu S.K, Assessing pollution in Izmir Bay from rivers in western Turkey, heavy metals, 

Environmental Science, 15 (12), 2013, 2252–2262. 

Al-Musharsfi S.K, Mahmoud I.Y, Al-Bahry S.N, Heavy Metal Pollution from Treated Sewage Effluent, APCBEE 

Procedia, 5, 2013, 344-348. 

Babel S, Kurniawan T.A, Low-cost adsorbents for heavy metals uptake from contaminated water: a review, Journal 

of hazardous mater, 97 (1–3), 2003, 219-243. 

Byers A, Reader’s Digest Atlas of Canada, Montreal, The Reader’s Digest Association (Canada) Ltd., 1995. 

Chambers C and Winfield M, Mining’s Many Faces, Environmental Mining Law and Policy in Canada, Toronto, 

Canadian Institute for Environmental Law and Policy, 2000. 

Feng Z, Zhu S, De Godoi D.R.M, Samia A.C.S, Scherson D, Adsorption of Cd2+ on Carboxyl-Terminated 

Superparamagnetic Iron Oxide Nanoparticles, Analytical Chemistry, 84 (8), 2012,  3764–3770. 

Fu F, Wang Q, Removal of heavy metal ions from wastewaters: A review, Journal of Environmental Management, 

92 (3), 2011, 407–418. 

Fujita Y, lde D, Sato, Heavy metal contamination of coastal lagoon sediments: Fongafale Islet, Funafuti Atoll, 

Tuvalu, Chemosphere, 95, 2014, 628-634.  

Hall JL, Cellular mechanisms for heavy metal detoxification and tolerance, Journal of experimental Botany, 2002, 

53 (336), 2002, 1-11. 

Hashim M.A, Mukhopadhyay S, Sahu J.N, Sengupta B, Remediation technologies for heavy metal contaminated 

groundwater, Journal of Environmental Management, 92 (10), 2011, 2355-2388,  

Hua M, Zhang S, Pan B, Zhang W, Lv L, Zhang Q, Heavy metal removal from water/wastewater by nano sized 

metal oxides: A review, Journal of Hazardous Materials, 211-212, 2012, 317–331. 

Karatapanis A.E, Petrakis D.E, Stalikas C.D, A layered magnetic iron/iron oxide nano scavenger for the analytical 

enrichment of ng-L(-1) concentration levels of heavy metals from water, Analytica Chimica Acta, 726, 2012,            

22–27. 

Kharisov B.I, Dias H.V.R, Kharissova O.V, Jimenez-Perez V.M, Perez B.O, Flores B.M, Iron-containing 

nanomaterials: synthesis, properties and environmental applications, RSC Advances, 2 (25), 2012, 9325–9358.  

Liu Z, Wang H, Liu C, Magnetic cellulose–chitosan hydrogels prepared from ionic liquids as reusable adsorbent for 

removal of heavy metal ions, Chemical Communications, 48 (59), 2012, 7350-7352.  

Murray CJL, Lopez AD, The Global Burden of Disease, Cambridge, MA, Harvard School of Public Health, WHO, 

World Bank, 1996.  

Pruss A, Corvalán CF, Pastides H, de Hollander AEM, Methodological considerations in estimating the burden of 

disease from environmental risk factors at national and global level, Int J Occup Environ Health, 7 (1), 2001, 58–67. 

Naser H.A, Assessment and management of heavy metal pollution in the marine environment of the Arabian Gulf: 

a review, Marine Pollution Bulletin, 72 (1), 2013, 6-13. 

Pan, Bingjun, Hui Qiu, Bingcai Pan, Guangze Nie, Highly efficient removal of heavy metals by polymer-supported 

nanosized hydrated Fe (III) oxides: behavior and XPS study, Water Research, 2009. 

Payment P, Richardson L, Siemiatycki J, Dewar R, Edwardes M, Franco E, A randomized trial to evaluate the risk 

of gastrointestinal disease due to consumption of drinking water meeting current microbiological standards, Am J 

Public Health, 81 (6), 1991, 703–708. 

Quick RE, Mintz ED, Sobel J, Mead PS, Reiff FM, Tauxe RV.A New Strategy for Waterborne Disease Transmission, 

Presented at 23rd Water, Engineering and Development Centre Conference, Durban, South Africa, 1997, 1-5. 

Singh N, Uppal H, Chawla S, Singh S, Tripathy SS, An Efficient and Fast Process for the Removal of Trivalent and 

Hexavalent Chromium from Contaminated Water Using Zinc Peroxide Nanomaterial, Nanomaterial, Pharm Anal 

Acta, 6, 2015, 412. 

Teja A.S, Koh P.Y, Synthesis, properties, and applications of magnetic iron oxide nanoparticles, Progress in Crystal 

Growth and Characterization of Materials, 55 (1-2), 2009, 22–45. 

https://pubs.acs.org/doi/full/10.1021/ac300392k
https://pubs.acs.org/doi/full/10.1021/ac300392k
https://www.sciencedirect.com/journal/journal-of-hazardous-materials


ISSN (Print 0974-2115) (Online 2349-8552) 
www.jchps.com                                                                       Journal of Chemical and Pharmaceutical Sciences 

October - December 2019           142                                                   JCPS Volume 12 Issue 4 

Warner C.L, Chouyyok W, Mackie K.E, Manganese Doping of Magnetic Iron Oxide Nanoparticles: Tailoring 

Surface Reactivity for a Regenerable Heavy Metal Sorbent, Langmuir, 28 (8), 2012, 3931–3937. 

Xu P, Zeng G.M, Huang D.L, Use of iron oxide nanomaterials in wastewater treatment: a review, Science of the 

Total Environment, 424, 2012, 1–10. 

Yang H, Tian Z, Wang J, Yang S, A magnetic resonance imaging nano sensor for Hg (II) based on thymidine-

functionalized super magnetic iron oxide nanoparticles, Sensors and Actuators B, 161 (1), 2012, 429–433. 

Yu, William, Joshua Falkner, Cafer Yavuz, Vicki Colvin, Synthesis of monodisperse iron oxide nanocrystals by 

thermal decomposition of iron carboxylate salts, Royal Society of Chemistry, 2004, 2306-2307.  

https://pubs.acs.org/doi/full/10.1021/la2042235
https://pubs.acs.org/doi/full/10.1021/la2042235
http://nhsjs.com/tag/chemistry-2/

