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ABSTRACT

Heavy metals are toxic to the living bodies even though present in trace amounts. In this study, we
have developed a simple approach for the biosynthesis of iron oxide nanoparticles (Fe,O,-NPs) using
Trigonella foenum-graecum leaf extract and used it for possible removal of lead from aqueous
solution and wastewater. SPR peak at 248 nm confirms the bioreduction and formation of Fe,O,-NPs.
The shape and size of the nanoparticles were evaluated by SEM equipped with EDX, TEM, XRD. The
particles were found crystalline and roughly spherical in shape with an average size range of 51.6-
215.7 nm. The possible biomolecules participated in the biosynthetic reaction which was confirmed by
FTIR spectrum. These nanostructured particles were used for batch adsorption study for the removal
of lead ions. The effects of various physical and chemical parameters like pH, contact time, adsorbent
dosage and initial concentrations on the removal of heavy metals were studied on removal efficiency.
The maximum lead(ll) ions removal uptake was found 93+0.13% at pH 6.0 with 0.4g of these
nanoparticles within 60 min of contact time. Desorption studies indicated that the regenerated
nanoparticles retained its original metal adsorption efficiency. Results showed that these regenerable
iron oxide nanoparticles can be used as nano-adsorbent for removal of heavy metals from environmental

waste due to its high metal uptake capacity.

INTRODUCTION

Metal and metal oxide nanoparticles have been attracting a
great deal of attention due to their noble properties and
unique potential applications in the fields of biological la-
belling, environmental pollution control, photography, ca-
talysis, photonics, drug delivery carrier, optoel ectronics, etc.
(Gittins et al. 2000). Among them, iron oxide nanoparticles
(Fe,0,-NPs) have received significant importance because
of their multitasking properties such as superparamagnetic,
biodegradable, and biocompatibility (Mahdavian &
Mirrahimi 2010, Chang et a. 2011), and are used as cata-
lyst, biosensor, magnetic resonance imaging agent, drug
carrier, etc. (Gawande & Varma2013, Weiss& Ranke 2002,
Vicky et al. 2010). The sensitivity of the nanomaterialsin
various applications can be enhanced by controlling shape
and morphology, chemical composition, and dispersities
(Ahmed et a. 2003). Thus, the control over the synthetic
reaction isvery much important to achievethe tunable struc-
ture of nanoparticles. Conventionally, Fe,O,-NPshave been
synthesized and stabilized by a different number of physi-
cal and chemical methods, such as solid state synthesis
(Paivaet a. 2015), hydrothermal process (Hua& He 2008)
and electro-chemical route (Franger et al. 2004). Indeed,
phyto-inspired synthesis methods are most accepted one
because of their smplicity, non-toxicity and cost-effective
nature.

Rapid industrialization leads to a huge amount of gen-
eration and disposing of wastes, especially heavy metal
wastes causing environmenta pollution and aseriousthreat-
ening to human health (Jose et a. 2017). Lead (Pb) is con-
sidered as one of the major industrial pollutants that pen-
etrate into ecosystems through air, soil and water. Accord-
ing to World Health Organization (WHO), the permissible
level of Pb(I1) is0.1 mgL-tin drinking water sources (WHO
1984). Ph(l1) toxicity in living organisms causes changesin
proteins and nucleic acid conformation, cellular enzyme
inhibition, dysfunction of cell membrane, changein osmotic
balance and interferes with cellular metabolism (Bruins et
al. 2000). Several traditional adsorption methods are used
to remove the heavy metals, but these processes have some
disadvantages|like cost-intensive, high energy requirements,
generation of toxic by-products, and incomplete metal re-
moval (Bai & Abraham 2003). Thus, in recent years, much
interest has been exhibited in the use of nano sized metal
oxides for removal of heavy metals from agqueous systems
(Huaet al. 2012).

MATERIALS AND METHODS

Chemicals: Iron chloride hexahydrate (FeCl,, 6H,0) and
lead nitrate (Pb(NO,),) were procured from Sigma-Aldrich
(India). All these chemicals with analytical grade were di-
rectly used in experiments without any purification. Glass-
warewerewashed with distilled water, followed by chromic
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acid and dried in oven prior to use. Young leaves of
Trigonella foenum-graecum have been collected from lo-
cal crop field of Chennai, India. Wastewater was collected
fromtheindustrial zone near Nagalkeni (L ongitude 80°8' 13’
E; Latitude 12°57°39" N), Chennai.

Green synthesis of iron oxide nanoparticles: Fresh T.
foenum-graecum leaves were thoroughly washed, dried and
ground for preparation of leaf extract. Five g of leaf powder
was mixed with 100 mL of distilled water in 250 mL of
conical flask and heated at 60°C for 15 min. Then the ob-
tained solution was centrifuged at 4000 rpm for 15 min and
used for metal oxide nanoparticle synthesis. 0.1 M aqueous
solution of FeCl, was added dropwise to the Trigonella leaf
extract (TLE) in 1:5 ratio with constant vigorous stirring at
37°Cfor 30 min. The changein colour from colourless FeCl,,
to black colour indicates the synthesis of Fe,O,-NPs. These
nanoparticles were separated from resulting colloidal metal
oxide suspension, washed with water, ethanol and finally
dried under vacuum.

Chemical analysis of Fe,0,-NPs: Spectral analysis of
biosynthesized metal nanoparticles was recorded within a
range 300-700 nm using double beam UV -visible spectro-
photometer; the size and morphology of Fe,O,-NPs were
observed by scanning electron microscopy (SEM) and trans-
mission electron microscopy (TEM); the elemental compo-
sition and crystallinity of the metal oxide nanoparticleswere
analysed by energy dispersive X-ray (EDX) and X-ray dif-
fraction (XRD) spectrum. The functional groups in the
biomolecules present inthe TLE involved in the Fe,O,-NPs
biosynthesis were verified by Fourier transform infrared
spectroscopy (FTIR).

Batch adsorption studies: The stock solution of 1 g/L of
lead (I1) ions was prepared using pure Po(NO,), with dis-
tilled water. Thebatch study for removal of lead was carried
out by exposing to the lead ions with constant agitation at
150 rpm at 27°C. The influence of various parameters like
pH, exposure time, initial metal concentration, and adsorb-
ent dose on metal adsorption by Fe,O,-NPs was checked.
Adsorption experimentswere performed at different pH lev-
es (3, 4, 5, 6, 7, 8) by adjusting with 1IN HCI and NaOH,
contact time (30, 60, 90, 120, 150, 180 min), initial lead (1)
concentration (25, 50, 100, 150, 200, 250 mg/L) and ad-
sorbent dose (0.1, 0.2, 0.3, 0.4, 0.5g/100 mL). At the end of
the reaction, the iron oxide metal nanoparticles were sepa-
rated from the solution using magnet, and residual amount
of Pb(I1) was determined by atomic adsorption spectropho-
tometer (AAS) at 217 nm. The heavy metal removal effi-
ciency of Fe,0,-NPswas cal culated before and after the ad-
sorption using following formula:
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Ci-Ce

x 100

Removal efficiency (%) =

Where, C and C_ isinitial and remaining heavy metal con-
centrations (mg/L) in solution, respectively.

Removal of Pb(I1) from industrial wastewater : Batch ad-
sorption experiment was carried out using optimum condi-
tions such as pH, exposure time, adsorbent dose that affect
the adsorption, as obtained from previous test. 100 mL of
industrial wastewater containing Pb(I1) was incubated with
optimum amount of Fe,O,-NPsfor respectivetimein an or-
bital shaker. Theinitial and final Pb(l1) ion concentration of
treated wastewater was determined.

Desor ption of heavy metal loaded Fe,O,-NPs: Desorption
of heavy metalsfrom adsorbed iron oxide nanoparticleswas
carried out for each metal adsorbed sample. The known
amount of Pb(Il) adsorbed in nanoparticles was separated
by filtration, washed with distilled water and finally mixed
with 0.1 M HCIl and agitated in shaker incubator at room
temperature, until desorption was obtained (Silva et al.
2008). Heavy metal concentration was assayed by AAS. At
the end of the process, the Fe,0,-NPs were regained and
checked for adsorption capacity. The desorption efficiency
was determined using following equation:
Amount of Pb (1) ions desorbed

Desorption efficiency (%) = - x 100
Amount of Pb (Il) ions sorbed

RESULTS AND DISCUSSION

UV-visspectroscopic analysis: Green synthesisreactionis
the most smple and safest approach to synthesize iron ox-
ide nanoparticle. Asthe plant biomolecules areinvolved in
synthesis and stabilization of nanoparticles, in the present
study, Fe,0,-NPs were biosynthesized using agueous leaf
extract of T. foenum-graecumwith precursor molecule FeCl..
Formation and stabilization of aqueous solution of metal/
metal oxide nanoparticlescan be confirmed by UV-vis spec-
tra. The appearance of black colour indicates the
bioreduction reaction and biosynthesized iron oxide parti-
cleswere separated by piece of magnet (Fig. 1a). The char-
acteristic strong surface plasmon resonance (SPR) peak at
248 nm confirms the synthesis of nano iron oxide particles
(Fig. 1b). The maximum absorption (A, _ ) spectrum appeared
within a short span of time (30 min), indicates the rapid
biosynthesis process.

Characterization of Fe,O,-NPs by electron micrograph:
The advancement of nanomaterials depends on its size and
shapes. Thus, determination of size and morphology of
nanoparticles using electronic microscopy is very essential
to apply them in various emerging fields. The FE-SEM
micrograph shows the distinct morphology of Fe,0,-NPs
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Fig. 1: (a) Color changes after the bioreduction process, and (b)
UV-vis spectrum of Fe,0,-NPs synthesized by treating FeCl,
solution with T. foenum-graecum leaf extract.

Fig. 2: (@) FE-SEM and (b) TEM micrograph of
phyto-inspired Fe,O,-NPs.

(Fig. 2a). It dsoreveal sthat metal oxide particlesweregrown
in high density with little aggregation. To get more clear
detail about shape, structure of the nanoparticles, the sample
was analysed using TEM. TEM images exhibit that almost
all particles possess roughly spherical shape (Fig. 2b). The
diameter of the Fe,O, nanoparticles was found in the range
51.6-215.7 nm.

Energy dispersive X-ray spectrum of Fe,O,-NPs: Fig. 3
depictsthe EDX spectrum of iron oxide nanoparticles. The
presence of intense signal at 0.8, 6.2 and 6.9 keV confirms
the elemental Fe and at 0.6 confirms the elemental O in
Fe,0, nanoparticles. This EDX result also supports the
bioreduction reaction. The additional peaks for Cl may be
from FeCl, and C may be from phytoconstituents, were ob-
served. The elemental percentage from EDX quantification
was found 10.34 % of Fe, 49.87 % of O, 6.12 % of Cl, and
33.67 % of C.

X-ray diffraction studies: XRD provides the information
about crystal nature of metal oxide nanoparticles and deter-
minethe average crystal particle size. Fig. 4 showsthe XRD
spectrum of Fe,O,-NPs synthesized using TLE. The parti-
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clesshowed characteristic 20 peaksat 32.12°, 34.67°, 44.5°,
53.12°,56.5°, 62.9°, corresponding to the crystalline planes
(200), (311), (400), (422), (511), (440), respectively, found
to be supported by JCPDF file No. 04-0755 (Zhang et al.
2009) for cubical geometry of Fe,O,-NPs. The intensity of
well-defined peaks indicates the crystallinity of the iron
oxide nanoparticles and the broadened diffraction peaks
confirmsthetiny size of the nanoparticles (Wani et al. 2011).

FTIR spectroscopy analysis: FTIR spectroscopy analysis
was carried out to identify the possible biomolecules re-
sponsible for the reduction of iron ions and capping agent
which stabilize the iron oxide nanoparticles synthesized by
using T. foenum-graecum leaf extract. The absorption peaks
of synthesized Fe,0,-NPs are located at 3402, 1628, 1412
and 1065 cmtin the FTIR spectrum. Fig. 5 suggests that
thereis presence of -OH stretching vibration (Prathna et al.
2011), flavanones (Rajakumar et al. 2011) which might be
responsiblefor the reduction reaction, methylene scissoring
vibration from the proteinsin the solution and primary amine
C-N stretching vibration (Fayaz et al. 2010) of the proteins,
respectively.

Biosorption test: In this report, the biosynthesized Fe,O,-
NPswere used to remove Pb(l1) ionsin agueous solution by
a batch system. To get maximum removal efficiency, vari-
ous essential physico-chemical parameters like pH, contact
time, adsorbent dose and initial metal concentration were
tested.

Theinfluenceof solution pH on sor ption of Pb(I1) ions: pH
is considered as one of the effective factors that influences
biosorption of heavy metals in aqueous solution. The hy-
drogen ion concentration affects solubilization and ioniza-
tion of heavy metal ionsin solution, and present ionization
state on adsorbent surface which determines the availabil -
ity of metal active site (Repo et a. 2010). In order to assess
the effect of pH on removal of lead ions using Fe,O,-NPs,
the test was carried out within the pH range 3-8. For each
test, other operational factors like amount of iron oxide
nanoparticles was kept 0.5 g/100 mL, 90 min of contact
time and 25 mg/L of initial lead concentration. After the
biosorption, the heavy metal removal efficiency was deter-
mined and depicted in Fig. 6. The results revealed that at
low pH, the high acidic environment in solution reduces
theefficiency of Fe,O,-NPsto adsorb the heavy metals. This
may be dueto the el ectrostatic repul sion between positively
charged hydrogen ions and Pb? ions. In presence of high
H* concentration, Pb(I1) ions are replaced by proton on the
adsorbent site, thus reducing removal efficiency. But asthe
pH valueswereincreased from 3 to 6, the adsorption capac-
ity of nanoparticles was increased. The optimum pH was
found at 6 wherethelead(l1) ionswereremoved about 89.67
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Fig. 3: EDX profile of iron oxide nanoparticles.
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Fig. 4: XRD pattern of biosynthesized iron oxide nanoparticles.

+ 0.4 %. At thispH, dueto low hydrogen ion, the functional
groups on adsorbent binding site were available to bind
with heavy metal and can form metal-chelate complex
(Selatnia et a. 2004). This optimal pH value was used for
the further studies. At the pH values higher than the opti-
mum pH, there is again reduction in heavy metal removal
due to attraction of metal ions to be deposited as Pb(OH),
before adsorbing on the Fe,O,-NPs.

Effect of contact timefor lead ionsremoval: Fig. 7 shows
the removal efficiency of Pb(ll) from aqueous solution us-
ing nano iron oxide particles at different contact times of
30, 60, 90, 120, 150, 180 min. For respective period of time
study, other adsorption factors such asinitial metal ion con-
centration (25 mg/L) and adsorbent biomass (0.5 g/100 mL)
were set with optimum pH 6.0. According to the result, rate
of removal efficiency increases with time and the optimal
contact time reaches the equilibrium occurred in 60 min.
The presence of large number of active binding sites on the
biosynthesized Fe,0,-NPs surface makes it prone to attach
with heavy metal ions. Finally, the uptake of metal by the
nanoparticles becomes constant. Thisisbecause of the steric

hindrance between adsorbed metal ions on adsorbent ac-
tive site and remaining toxic Pb(I1) ions in solution. The
binding sites were simultaneously exhausted by toxic metal
ions, leads to lesser removal efficiency. The maximum ex-
posure timewas used in further tests. The similar result was
also found by Zhang et al. (2011).

Effect of adsor bent amount on sor ption of Pb(l1) ions: The
influence of adsorbent dose on removal of lead ions was
investigated using Fe,0,-NPs as adsorbent within the range
from 0.1 gto 0.5 g and initial metal concentration 25 mg/L
at pH 6.0 for 60 min. Fig. 8 depictsthe increase in percent-
age of removal efficiency of adsorbate with increase in ad-
sorbent dosage, the significant adsorption was observed up
t0 0.4 g of metal oxide nanoparticles massand after that, the
adsorption became non-significant. The resultsindicate the
large number of metal binding sites on the adsorbent en-
hancing the heavy metal adsorption efficiency.
Nanoparticles have higher surface area/volume ratio which
make them ideal adsorbent to adsorb maximum amount of
adsorbate than any other sorbent. But at 0.5 g of
nanoparticles, the adsorption capacity rate not so high, this
attributed to that some adsorption sites remained unsatu-
rated during the adsorption process. This may be dueto the
reducing efficiency of adsorbed metal per unit mass of ad-
sorbent (Bulut & Aydin 2005); this phenomenaisvery com-
mon for abatch system. Theresultsimply that evenincrease
in adsorbent amount after obtaining the maximum heavy
metal adsorption, the amount of adsorbed ions and remain-
ing unbound ions become constant, even after further incre-
ment of adsorbent dose. The optimum adsorbent dose was
found to be 0.4 g/100 mL which was used for evaluation of
other parameters.

Effect of initial metal concentration on removal efficiency:
The influence of initial Pb? ion concentration on removal
efficiency was studied with increasing amount of lead con-
centration solution (25-250 mg/L) against 0.4 g of iron ox-
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Fig. 5. FTIR spectrum of Fe,O,-NPs.
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Fig. 7: Effect of incubation period on lead removal efficiency.

ide nanoparticles, at pH 6.0 for 60 min. Fig. 9 showed that
thereislowering in adsorption of lead(l1) ionsof 93+ 0.13%
by Fe,O,-NPswith increasein initial metal ion concentration
of 25-250 mg/L in solution. The initial metal concentration
is an important factor on the adsorption process since there
are constant active binding site for a given mass of adsorbent
where the fixed amount of metals can be adsorbed. Thus,
increasein metal concentration in solution against same quan-
tity of adsorbent, decreases the removal efficiency.
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Fig. 8: Effect of adsorbent dosage on lead removal efficiency.
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Fig. 9: Effect of initial lead concentration on heavy metal
removal efficiency.

Removal of lead by Fe,O,-NPsfrom theeffluent: Adsorp-
tion of lead present in theindustrial effluent was determined
before and after the treatment with iron oxide nanoparticles.
The results showed that excellent removal capacity of nano
oxide particles. 100 % lead removal efficiency wasachieved
with 0.4 g of Fe,O,-NPsat pH 6.0, after 60 min of incubation
where initial lead concentration was found 0.1 mg/L.

Desorption studies: As heavy metals are toxic materials,
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disposal of heavy metal loaded sorbent also causes envi-
ronmental pollution. Thus, regeneration of adsorbent ismost
important step in bioremediation and biosorption process.
Desorption includes regeneration of adsorbent without dam-
aging the adsorbing capacity and recovery of metals. Inthis
study, 99.1+0.15 % of adsorbed lead(I1) ions desorbed within
an hour, the desorption process has taken sametime as sorp-
tion process. The regenerated iron oxide nanoparticleswere
reused and found to be efficient.

CONCLUSION

Adsorption isan efficient and economic method to remove
heavy metalsfrom contaminated water. Here, TLE were used
to synthesize Fe,O,-NPs and these nano oxide particles used
for adsorption of Pb(Il) ions from the aqueous as well as
industrial effluent. Excellent heavy metal adsorption ca-
pacity together with reusability, cost-effectiveness and easy
separation make Fe,0,-NPsto beefficient potential adsorbing
materialsfor heavy metal ions, and thus can be used in vari-
ous industria purification systems.
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