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Abstract. The emergence of nanoscience and technology is gaining popularity with an 
increasing demand for metal nanoparticles applicability in various areas such as electronics, 
catalysis, chemistry, energy and medicine. Metallic nanoparticles are traditionally synthesized 
by wet chemical techniques, where the chemicals used are quite often toxic and flammable. In 
this work, an attempt is made to compare the efficiency of two different synthesis methods and 
application of each for the remediation of poly aromatic hydrocarbons (PAHs). In this regard, 
silver nanoparticles are prepared by green and wet chemical method using plant extract of 
garlic (Allium sativum). The extract is known to reduce the metal during synthesis and acts as 
stabilizing ligand. These synthesized silver nanoparticles (Agp) and (AgW) were applied as 
adsorbents in synthetic batch mode experiments at varying parameters of pH and temperature. 
A concentration of 0.01mg/L of Phenanthrene, Anthracene, and Pyrene were induced at fixed 
dosage of 1mg/Kg of adsorbent. Residual concentration of each PAH was analyzed on UV-
Visible spectrophotometer. The results indicated that both adsorbents follow the sequence of 
Phenanthrene>Pyrene>Anthracene with optimal removal of higher than 85% in each case. A 
distinguishing privilege is attained by Agp adsorbent showing 3, 3 and 11 orders of magnitude 
higher efficiency than Agw. It may be attributed to more functional groups in the plant extract 
participating in binding of PAH to the surface. Each synthesized adsorbents was characterized 
by FTIR, SEM and EDX. The average particle size was determined to be of the order of 13-26 
nm. The study concludes the use of alternate economical and green adsorbents for control of 
poly aromatic hydrocarbons (PAHs). 

1. Introduction 
Toxic organic pollutants are released to water with the rapid industrialization of human society. 
Polycyclic aromatic hydrocarbons (PAHs) are a class of diverse organic compounds present in the 
environment with adverse impacts on ecosystems and human health. PAHs are among the most 
carcinogenic, teratogenic, mutagenic and toxic contaminants [1] and are classified among persistent 
organic pollutants. PAHs are known to pose, even at very low concentrations, a threat to environment 
due to their benzene structures [2]. 

PAHs have received immense attention because of their omnipresence in industrial and municipal 
wastewater and can be generated from both natural processes and anthropogenic activities [3]. PAHs 
are by-products of incomplete combustion (pyrolysis) of wood, oil, coal, garbage or hydrolysis of 
organic materials [4]. 

Removal of PAHs is of considerable interest in environmental analysis. Several methods including 
immunoassay [5], gas chromatography [6] and high performance liquid chromatography (HPLC) with 
UV-Vis absorbance or fluorescence detection [7] and capillary electrophoresis (CE) equipped with 
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laser-induced fluorescence [8] have been used for the determination of PAHs. These methods are 
expensive, time consuming, require large sample volumes as well as large amount of organic solvent 
with separation and extraction procedures [9]. 

Adsorption technology is regarded as the most promising one due to its low cost, high efficiency 
and simple to operate for removing trace levels of effluents. Traditional sorbents could remove 
effluents from wastewater but the low sorption capacities and efficiencies limit their application. 
Nanoparticles have exhibited much higher efficiency and faster rates in water treatment [10] due to 
high specific surface area and occupy a large number of unsaturated atoms on the surfaces [11].These 
specific advantages enhance adsorption capacity for the removal of organic and inorganic pollutants 
[12]. 

Recently metal based nanoparticles have been successfully applied for removal of various toxic 
materials due to high ordered structure, high mechanical and thermal strength. Sumesh et al., [13] 
applied synthesized silver nanoparticles for the removal of mercuric ions present in contaminated 
water. Removal of methyl orange (MO) from aqueous solutions was achieved by silver nanoparticles 
loaded on activated carbon [14]. Liu et al., [15] removed trace Cr (VI) ions from aqueous solution by 
titanium oxide–Ag composite adsorbents. 

The present investigation is step forward to prepare Silver based nanoparticles from plant extract 
(Allium Sativum) following slight modification of method reported by White et al., [16] and extend its 
application for the removal of persistent organic pollutants. Use of plants in synthesis of nanoparticles 
provide advancement over chemical and physical method as it is cost effective and environment 
friendly that do not require any special culture preparation and isolation techniques [17]. 

For comparison, Ag particles are also synthesized from wet chemical co-precipitation method to 
determine the efficiency of both as adsorbents in removing selected PAHs. 

2. Experimental 

2.1. Synthesis of Silver nanoparticles 
Siver nanoparticles were synthesized separately from plant extract (Allivum sativum) and wet chemical 
method. The products obtained are coded as Agp and Agw, respectively. 

A procedure adapted from White et al., [16] has been used for the preparation of garlic extract from 
Allivum sativum. The extract obtained was then subjected to silver particles synthesis using the 
following protocol. 

Allivum sativum (2.5 ml) extract solution was added to 50ml of 0.98mM of AgNO3 in distilled 
water. After standing of two hours, change in color to light orange was observed. The solution was 
allowed to age for one week to yield a deep orange-brown color and monitored on UV-Visible 
spectrophotometer (full scan range 190-1100 cm-1) to indicate the formation of silver nanoparticles. 10 
ml of 2M NaOH solution was added to facilitate the precipitate formation. Grayish silver nanoparticles 
were obtained and dried under vacuum.  

Silver particles were also synthesized by wet chemical co-precipitation method adapted from 
Moghaddam et al, [18]. The beaker containing 0.9 M aqueous solution of sodium hydroxide was 
heated at 55ºC followed by drop wise addition of 0.45 M aqueous solution of silver 
nitrate(Ag(NO3)2.4H2O) under speed stirring. The precipitates of Ag nanoparticles were collected 
after 2 hours standing, cleaned with distilled water, ethanol and finally air dried at 60 ºC. 

2.2. Characterization  
Each synthesized silver nanoparticle was subjected to characterization by standardized spectroscopic 
tools of Fourier Transform Infrared (FTIR) and UV-Visible spectroscopy. FTIR spectra of pressed 
pellet were recorded from 4000 cm-1 to 400 cm-1 on FTIR-8400, Shimadzu, Japan. The dried massof 
garlic extract (reducing agent) was also pressed into pellet for observation under FTIR. UV-VIS 
spectra were fit with Gaussian curves for measurement of λmax keeping distilled water for background 
correction. The samples surface morphology and size was determined with Scanning Electron 
Microscopy (SEM) coupled with EDX. Sample was sonicated and analyzed at different magnifications 
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on 6490(LA) JEOL machine with gold sputtering at a potential of 20 kV prior to recording SEM. EDX 
analysis was done on JED-2300 analysis station.  

2.3. Batch Experiment for Adsorption 
The synthesized silver nanoparticles (Agp and Agw) were applied as adsorbents in time-dependent 
batch experiment to evaluate the removal of poly aromatic hydrocarbons. Each batch was investigated 
at variable temperature and pH to determine the optimal removal efficiency. The following general 
protocol is adopted for batch experiment. 

Synthetic solution of known concentration (0.01 mg/L) of each poly aromatic hydrocarbon was 
prepared and a known volume (5ml) of it was added in test tubes containing 1mg of each adsorbent. 
The aliquot was drawn after 5 minutes, filtered and analyzed on UV-visible spectrophotometer at 
wavelengths of 250 nm, 260 nm and 241 nm for phenanthrene, anthracene, and pyrene, in respective 
order. 

3. Results and Discussion 

3.1. UV-Visible analysis 
The process of synthesis of silver nanoparticles (Agp) was followed on UV-Vis spectrophotometer by 
recoding the spectra of dark brown colored mixture of garlic extract and silver nitrate. Reduction of 
silver ions can easily be observed by UV-vis spectra presented in Figure 1. It is clearly visible that 
optimum absorbance is obtained at 400 nm, depicts the characteristic of surface plasmon absorption 
band [19]. This band is attributed to silver nanoparticles free electrons [20]. Saha et al., [21] reported 
absorption band for synthesized silver particles at 420 nm due to colloidal silver.  

A broadening of peak in the range from 400-410 nm is also observed indicating that the particles 
are polydispersed [22], further confirmed by SEM images.  
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2. FTIR characterization of silver nanoparticles 
The important frequencies (in cm-1) recorded under FTIR for Allium sativum and two synthesized 
silver particles (Agp and Agw) are presented in Figure 2. 

FTIR spectra of garlic extract consist of S=O (at 1026 cm-1) and S group (at 1261 cm-1) indicates the 
presence of allicin as major component [23]. Further elucidation of FTIR spectra of garlic extract 
alone shows large –OH and –CH stretches at 3373 cm−1 and 2931 cm−1, characteristic of nonstructural 
sucrose and fructose [16]. On the other hand, the synthesized silver nanoparticles (Agp) represent a 
peak shift of 41 cm-1 in –OH and –CH stretches confirming its complete formation.  

FTIR spectra of silver nanoparticles (Agw) synthesized by wet chemical method presents two peaks 
of absorption bands at 596 cm-1 and 848 cm-1 representing presence of Ag-O bond [24]. 

 

 

Figure 1. UV-visible spectra of silver nanoparticles synthesized from 
Allium sativum extract (Agp). 
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3.3. SEM & EDX analysis of silver nanoparticles 
SEM images of synthesized silver nanoparticles Agp and Agw are shown in Figure 3 (a and b), 
respectively, whereas Figure 3(c) image presents the garlic extract loaded with silver particles. 
It is evident that silver particles synthesized by two routes can safely be regarded as nanoparticles 
showing particle diameter range of 13 to 26 nm for Agp and 16 to 28 nm for Agw.  

EDX spectra and quantitative data is reported in Figure 4(a and b), showing signals having 4.97 
and 59.57 mass % of silver in Agp and Agw, respectively. Higher mass percentage of silver in Agw 
may be assigned to higher molar ratio of reagents used in the synthesis protocol in comparison to Agp. 
The presence of oxygen, carbon, sodium and calcium signals in Agp indicates their origin from 
biomolecules bound to the surface [25]. 

 

    

(a) (b) 

Figure 2. (a) FTIR spectra of dried powder of Allium sativum extract. (b) silver nanoparticles 
synthesized from Allium sativum extract (Agp). (c) silvernanoparticles synthesized by wet chemical 

method (Agw). 
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Figure 3. SEM images of synthesized silver nanoparticles (a) silver nanoparticles (Agp) at 

75,000magnification. (b) silver nanoparticles (Agw) at 50,000 magnification. (c)  Allium sativum 
extract loaded with silver nanoparticles (Agp). 

3.4. Adsorption experiments 
The synthesized silver nanoparticles (Agw and Agp) were applied as adsorbents to evaluate the 
removal of selected poly aromatic hydrocarbons.  
          

(a) (b) 

Figure 5: Removal (in %age) of phenanthrene, anthracene and pyrene on (a) Agp and (b) Agw 
adsorbents. 

The results are graphically presented in Figure 4 (a and b), respectively. It is clearly evident that 
both silver particles are good adsorbent for the removal of PAHs. PAHs are optimally removed 
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Figure 4. EDX image of synthesized silver nanoparticles. (a). Silver nanoparticles synthesized 
from Allium sativum extract (Agp). (b) Silver nanoparticles synthesized by wet chemical method 
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showing removal efficiency of more than 80% at ambient conditions. The good sorptive behavior of 
PAH may be related to increase in hydrophobicity of the non-polar moiety of the aromatic rings [26]. 
Adsorption process in polyaromatic hydrocarbons results due to hydrophobic interactions [27]. 

Sequence depicted more efficient removal of phenanthrene followed by pyrene and anthracene. 
This order is also observed by Kumar et al., [28] in the batch experiments reporting lower removal 
percentages of pyrene to its recalcitrant toxicity and higher molecular weight. However, Agp particles 
stamp its preference by showing 3, 3 and 11 orders of magnitude more removal of selected PAHs in 
respective order.  

3.4.1. Effect of pH. 
The pH is one of the important parameters controlling the removal of poly aromatic hydrocarbons. In 
adsorption processes, the pH of the aqueous solution directly affects the surface 
binding properties of the proposed adsorbents and the nature of the functional groups of both 
adsorbate and adsorbent molecules [12]. 

Batch was conducted at different pH to cover acidic, neutral and alkaline range. pH effect was 
determined on adsorption keeping other parameters constant.  
          

(a)    (b) 

Figure 6.  Effect of pH on the removal (in %age) of PAHs (a) Agp and (b) Agw adsorbents. 

The results for the average removal of PAHs on silver particles are presented in Figure 5 (a) and 
(b). It is observed that generally acidic pH is more suitable for optimum removal of PAHs. This trend 
is also depicted in study conducted by Kumar et al., [28] reporting higher PAHs removal in acidic 
compared to alkaline conditions. Sponza et al., [29] relates higher removal under acidic conditions 
with the effect of protonation. It is concluded that Agp has greater removal efficiency at wide pH 
range through acidic to neutral (3-7 pH) in comparison to regular decreasing adsorption trend with 
increasing pH for Agw. 

3.4.2. Effect of temperature 
The temperature influence is an important controlling factor in the applications of removal process. In 
the present investigation, adsorption experiment was conducted at 5 different temperatures (25°C, 
35°C, 45°C, 55°C, and 65°C). Results are shown in Figure 5 (a and b). 

A general increase in percent removal of PAHs with increasing temperature is observed. The 
tendency to adsorb PAHs is more pronounced in moving from 25°C to 35°C followed by only 
incremental rise upto 65°C. However, Christensen et al., [30] observed that biological PAH removal 
was significantly enhanced by increasing the temperature from 35°C to 55°C 

On the other hand, Agw as adsorbent depicts 45°C as optimum temperature for 97% removal of 
PAH. This suggests relatively wider applicability of Agp in terms of temperature like effect of pH. It is 
also supported by Belguith et al., [31] suggests that compounds present in Allium sativum are stable at 
high temperature (80°C). 
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             (a) (b) 

Figure 7.  Effect of temperature on the removal (in %age) of PAHs (a) Agp and (b) Agw adsorbent 

4. Conclusions 
• The present study offers a simple and convenient method of synthesis of nano-sized particles 

by using a low cost and non-hazardous sodium hydroxide rather than toxic sodium 
borohydride as reducing agent. 

• PAHs are removed successfully with optimal efficiency of more than 85% following the order 
of Phenanthrene>Pyrene>Anthracene. The adsorption of PAHs on silver nanoparticles is 
attributed to hydrophobic interactions. 

• The natural and green source provides an adsorbent that has comparable efficiency to 
chemically synthesized expensive adsorbent under ambient conditions. 

• Agp is relatively a better adsorbent than Agw in removing PAHs. It may be attributed to more 
functional groups in the plant extract participating in binding of PAH to the surface. 

• Agp can be applied over a wide range of temperature, due to stability of compounds present in 
Allium sativum at high temperatures. 

• The study recommends the use of alternate economical and green natural adsorbents for 
control of poly aromatic hydrocarbons (PAHs). 

5. References 
[1] Zhang W, Wei C, Yan B, Feng C, Zhao G, Lin C, Yuan M, Wu C, Ren Y and Hu Y 2013 

Identification and removal of polycyclic aromatic hydrocarbons in wastewater treatment 
processes from coke production plants Environ. Sci. Pollut. Res. 20 6418-32 

[2] AlSalka Y, Karabet F and Hashem M S 2011 Removal efficiency of polycyclic aromatic 
hydrocarbons from synthetic water samples by electrocoagulation processes, J. for BASIC 
Sciences27 65-80 

[3] Omar N Y M J, Mon T C, Rahman N A and Bin Abas M R 2006 Distributions and health risks 
of polycyclic aromatic hydrocarbons (PAHs) in atmospheric aerosols of Kuala Lumpur, 
Malaysia Sci. Total Environ.369 76–81 

[4] Gao Y, Ling W and Wong H M 2006 Plant-accelerated dissipation of phenanthrene and 
pyrene from water in the presence of a nonionic-surfactant Chemosphere. 63 1560–67  

[5] Kim I S, Ritchie L, Setford S, Taylor J, Allen M, Wilson G, Heywood R, Pahlavanpour B and 
Saini S 2001 Quantitative immunoassay for determining polyaromatic hydrocarbons in 
electrical insulating oils Analytica. Chimica.Acta.450 13–25 

[6] Krupadam R J, Bhagat B and Khan M S 2010 Highly sensitive determination of polycyclic 
aromatic hydrocarbons in ambient air dust by gas chromatography-mass spectrometry after 
molecularly imprinted polymer extractionAnal. Bioanal. Chem. 397 3097-06   

[7] Eiroa A A, Blanco E V, Mahía P L, Lorenzo S M, Rodríguez D P and Fernández E F 2000 
Determination of polycyclic aromatic hydrocarbons (pahs) in a complex mixture by second-
derivative constant-energy synchronous spectrofluorimetry Talanta 51 677–84 

97
97.5

98
98.5

99

25 35 45 55 65%
 R

em
ov

al

Temperature (°C)

PAHs

85
90
95

100

25 35 45 55 65%
 R

em
ov

al

Temperature (°C)

PAHs

International Symposium on Advanced Materials (ISAM 2013) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 60 (2014) 012061 doi:10.1088/1757-899X/60/1/012061

7

http://www.sciencedirect.com/science/journal/00032670
http://lib.bioinfo.pl/pmid:20526768
http://lib.bioinfo.pl/pmid:20526768
http://lib.bioinfo.pl/pmid:20526768
http://lib.bioinfo.pl/pmid:20526768


[8] Kim Y M, Ahn C K, Woo S H, Jung G Y and Park J M  2009 Synergic degradation of 
phenanthrene by consortia of newly isolated bacterial strains J. Biotechnol.144 293-98 

[9] Cai Z Q, Xian Y Z and Yong Z 2008 Simultaneous determination of dissolved anthracene and 
pyrene in aqueous solution by synchronous fluorimetrySpectrochim. Acta. A. 69 130-33 

[10] Wang X, Guo Y, Yang Li, Han M, Zhao J and Cheng X 2012 Nanomaterials as sorbents to 
remove heavy metal ions in wastewater treatment J. Environ. Anal.Toxicol. 2 154 

[11] Chen Y H 2011 Synthesis, characterization and dye adsorption of ilmenite nanoparticles J. 
Non-Cryst. Solids357 136–39 

[12] Ghaedia M, Sadeghiana B, Pebdania A A, Sahraeib R, Daneshfarb A and Duranc C 2012 
Kinetics, thermodynamics and equilibrium evaluation of direct yellow 12 removal by 
adsorption onto silver nanoparticles loaded activated carbon, Chemical Engineering 
Journal187 133– 41 

[13] Sumesh E, Bootharaju M S, Anshup and Pradeep T 2011 A practical silver nanoparticle based 
adsorbent for the removal of Hg2+ from waterJournal of Hazardous Materials189 450–57 

[14] Karimi H, Mousavi S and Sadeghian B 2012 Silver nanoparticle loaded on activated carbon as 
efficient adsorbent for removal of methyl orange IndianJournal of Science and Technology5 
2346 

[15] Liu Si Si, Chen Y Z, Zhang Li De, Hua G M, Xu Wei, Li Nian and Zhang Ye 2011 Enhanced 
removal of trace Cr(VI) ions from aqueous solution by titanium oxide–Ag composite 
adsorbents Journal of Hazardous Materials190 723–28 

[16] White G V, Kerscher P, Brown R M, Morella J D, Allister W M, Dean D and Kitchens C L 
2012       Green synthesis of robust biocompatible silver nanoparticles using garlic extract 
Journal of Nanomaterials2012 1-12 

[17] Benjamin G and  Bharathwaj S 2011 Biological synthesis of silver nanoparticles from Allium 
Cepa (Onion) & estimating its antibacterial activity, International Conference on Bioscience, 
Biochemistry and Bioinformatics 5 35-38 

[18] Moghaddam A B, Nazari T, Badraghi J and Kazemzad M 2009 Synthesis of ZnO 
nanoparticles and electrodeposition of polypyrrole/ZnOnanocomposite film Int. J. 
Electrochem. Sci.4 247 – 57 

[19] Shankar S S, Rai A, Ankamwar B, Singh A, Ahmad A and Sastry M 2004 Biological 
synthesis of triangular gold nanoprismsNat. Mater. 3 482 

[20] Noginov M A, Zhu G, Bahoura M, Adegoke J, Small C,  Ritzo B A, Drachev V P, Shalaev V 
M 2007 The effect of gain and absorption on surface plasmons in metal nanoparticles Appl. 
Phys. B. 86 455–60 

[21] Saha S, Malik M M and Qureshi M S 2012 Characterisation and synthesis of silver nano 
particle using leaf extract of epipremnumaureumInternational Journal of Nanomaterials and 
Biostructures2 1-4 

[22] Geethalakshmi R and Sarada D V L 2010 Synthesis of plant-mediated silver nanoparticles 
using Trianthemadecandra extract and evaluation of their anti microbial activities 
International Journal of Engineering Science and Technology2 970-75 

[23] Rajam K, Rajendran S and Saranya R 2013 Allium sativum (Garlic) Extract as Nontoxic 
Corrosion Inhibitor Journals of Chemistry20131-4 

International Symposium on Advanced Materials (ISAM 2013) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 60 (2014) 012061 doi:10.1088/1757-899X/60/1/012061

8

http://www.ncbi.nlm.nih.gov/pubmed?term=Kim%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=19818817
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=19818817
http://www.ncbi.nlm.nih.gov/pubmed?term=Woo%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=19818817
http://www.ncbi.nlm.nih.gov/pubmed?term=Jung%20GY%5BAuthor%5D&cauthor=true&cauthor_uid=19818817
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=19818817
http://www.ncbi.nlm.nih.gov/pubmed/19818817


[24] Bashkova S, Deoki D and Bandosz T J 2011 Effect of silver nanoparticles deposited on 
micro/mesoporous activated carbons on retention of NOx at room temperature Journal of 
Colloid and Interface Science354 331–40 

[25] Rao Y S, Kotakadi V S, Prasad T N V K V, Reddy A V and Gopal D V R S 2013 Green 
synthesis and spectral characterization of silver nanoparticles from lakshmitulasi (Ocimum 
sanctum) leaf extract Spectrochimica. Acta. A.103 156–15 

[26] Valderrama C, Gamisans X, Heras F X, Cortina J L and Farran A 2007 Kinetics of polycyclic 
aromatic hydrocarbons removal using hyper-cross-linked polymeric sorbents 
MacronetHypersol MN200 Reactive & Functional Polymers 67 1515–29 

[27] Crisafully R, Milhome M A L, Cavalcante R M, Silveira E R, Keukeleire D D and 
Nascimento R F 2008 Removal of some polycyclic aromatic hydrocarbons from 
petrochemical wastewater using low-cost adsorbents of natural origin Bioresource 
Technology99 4515–19 

[28] Kumar M, Wu P C, Tsai J C and Lin J G 2009 Biodegradation of soil-applied polycyclic 
aromatic hydrocarbons by sulfate-reducing bacterial consortiumJournal of Environmental 
Science and Health A. 44 12–20 

[29] Sponza D T and Oztekin R 2011 Removals of some hydrophobic poly aromatic hydrocarbons 
(PAHs) and Daphnia magna acute toxicity in a petrochemical industry wastewater with 
ultrasound in Izmir-Turkey Separation and PurificationTechnology77301–11 

[30] Christensen N, Batstone D J, He Z, Angelidaki I and Schmidt J E 2004 Removal of polycyclic 
aromatic hydrocarbons (PAHs) from sewage sludge by anaerobic degradationWater Science 
and Technology50 237–44 

[31] Belguith H, Kthiri F, Chati A, Sofah A A, Hamida J B and Landoulsi A 2010 Study of the 
effect of aqueous garlic extract (Allium sativum) on some Salmonella serovars isolates. Emir. 
J. Food Agric. 22 189-206 

International Symposium on Advanced Materials (ISAM 2013) IOP Publishing
IOP Conf. Series: Materials Science and Engineering 60 (2014) 012061 doi:10.1088/1757-899X/60/1/012061

9




