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Abstract 
 

Wastes containing heavy metal, especially Cadmium (Cd), are carcinogenic 

as well as poorly degradable, and therefore categorized as B3. This condition 

is, however, treated using adsorption method. The aim of this research, 

therefore, is to utilize Chrysopogon zizanoides grass leaves as an adsorbent 

for Cd
2+

 metal. Furthermore, artificial wastewater produced from a standard 

solution of cadmium 1000 mg/L was diluted into 5 concentrations, including 

(mg/L) 10, 25, 50, 75 and 100, at pH 2, with temperature of 250
0
C for 24 

hours. Therefore, the adsorbent was prepared by burning C. zizanoides leaves 

in a furnace at 3000
0
C. The results proved the metal adsorption capability of 

the sample leaves. Furthermore, highest performance was determined in 

solutions containing 10 mg/L Cd, with a removal efficiency of 85%. 

 
Keywords: Vetiver grass, Adsorbent, Heavy Metal Wastewater Treatment, 

Cadmium 

 

1 Introduction 
 

        Numerous heavy metals are contained in industrial waste, including 

Cadmium. This is frequently used in metal plating industries, and is also the  
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final product of ore processing [1], [2]. Furthermore, these materials are 

usually located in mineral ores, especially green ockite sulfide 

(xanthochroite), otative carbonate, and cadmium oxide during mining. These 

minerals are formed by the association between sphalerite ore and oxides, or 

from the residual dust of electrolyte sludge treatment [3].  

         Moreover, Cadmium is known to impose adverse effects on the 

environment and humans [4] causing breast cancer, respiratory problems, 

kidney failure, hypertension, liver damage, lung damage and teratogenic 

effects [5] as well as bone demineralization [3]. Furthermore, „„itai-itai 

disease‟‟ is a world-shattering outcome of severe contamination, which 

occurred in Japan around 1967. The incidence case was recorded in a highly 

polluted area of Jinzu River basin, Toyama Prefecture, Japan. In addition, 

symptoms resulting from the metal accumulation in human body includes 

nephropathy and osteomalacia [6]. According to Toyama Community 

Welfare Service, about 97% of the 132 population in contaminated areas died 

from this disease since 1967 [7]. 

        Furthermore, there are laws in Indonesia created to help contain 

cadmium pollution. The content of this metal in rice plants grown at polluted 

areas ranged from 1.00 to 6.88 ppm, and reached 4.04 ppm in Jinzu river. 

This high metal content is not in accordance with the Ministry of 

Environment‟s Regulation No 03/2010, indicating 0.1 mg/L as the standard 

quality in industrial estates. Also, the high level in river Jinzu makes the 

water content unsuitable for drinking. However, the Ministry of Health 

regulated the waste quantity to a maximum of 0.003 mg/L. According to 

Government Regulation No.85 of 1999 concerning Management of 

Hazardous and Toxic Waste article 1, Cd Bioaccumulation known to damage 

the environment and human health is categorized as B3 waste. The latest 

regulation in this junk category is stated in Indonesian Government 

Regulation No. 74 of 2001 regarding management of hazardous and toxic 

materials.  

         Furthermore, numerous technologies have been developed in the last 

decades to treat heavy metals in wastewater, including chemical 

precipitation, ion exchange, adsorption, membrane filtration, coagulation 

flocculation, flotation and electrochemical methods [3]. Meanwhile, 

adsorption is one of the methods used to reduce or even remove these 

metallic elements from sewages. This strategy is considered a cheap, efficient 

and effective means for elimination, hence the wide acceptance by people [8] 

[9]. In addition, the technique is relatively simple, and involves the use of 

natural material adsorbents from unused biomass waste [10]. Meanwhile, 

agricultural waste especially bagasse, coffee grounds, orange peels, sawdust, 

egg shells, wheat bran, rice husks, and bamboo charcoal are widely used as a 

means to remove the dangerous metallic substance [11] [12]. 

        According to [2], this method yielded a removal efficiency of 70-99%. 

The characteristics denoting this high performance includes micro-pores, 

special biological, high density, good pore structure and large surface area.  
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Furthermore, C. zizanoides plant roots are often used to control soil erosion 

and protect runoff, following the disposal of leaves, which become 

agricultural waste. This specimen grows naturally in tropical and subtropical 

areas [13], and is widely used for soil erosion control, water and soil 

conservation [14], [15], [16] due to the deep and spreading vertically root 

system [17]. In addition, there have been several applications in the 

phytoremediation of soil contaminated with trichloroethylene [18], heavy 

metal and organic waste [19], [20], [21]. Previous research has used vetiver 

leaves as a bio-adsorbent to absorb up to 99% color [12]. The aim of this 

research, therefore, is to utilize C. zizanoides leaves as a bioadsorbent for 

Cd
2+

 metal. 

 

2 Research Methodology 
 
2.1 Absorbent Material Preparation 
 

        The vetiver leaves were cleaned with water, crushed into an adsorbent 

powder, and sieved with size 8 mesh. The particles were then activated by 

heating at 140°C for 1 hour, and the hot steam is consequently removed with 

a desiccator. Furthermore, the leaves were dried in an oven at 103°C for 24 

hours, and burned in a furnace for 8 hours at 300°C, as shown in Figure 1. 

 

 
 

Figure 1 Adsorbent Preparation 

 

2.2 Artificial Waste Making 
         

        Wastewater concentrations were prepared from standard solutions 

containing 1000 mg/L Cadmium, and diluted to 5 concentrations, including 

10, 25, 50, 75  and 100 mg/L, with an acidity value (pH) of  2. 

 

2.3 Heavy Metal Cd2 + Adsorption by Adsorbent 
 

        An adsorbent of 1g was added to Erlenmeyer containing a Cd metal 

solution at 10, 25, 50, 75 and 100 mg/L. This solution was homogenized with  
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a strirer for 15 minutes, by thorough mixing. The mixture was then reserved 

for 24 hours, and filtered to separate adsorbent and filtrate, which were 

respectively analyzed using SEM EDS-mapping and AAS (Atomic 

Absorption Spectrometry)-flame. 

       Equations 1 and 2 were used to evaluate the removal capacity and 

percentage (Cd (II) metal removal) [4], [22]. 

   
(     )    

 
(1) 

    
(     )

  
        (2) 

        Where qe represents removal capacity, % R denotes percent removal, C0 

and Ce are the initial and final Cd concentrations (in mg/L), while V and W 

are solution volume and weight of bioadsorbent used. 

 

2.4 Bioadsorbent Analysis by SEM / EDX 
         

        The surface structure of bio-adsorbent obtained was determined by 

analysis with a Scanning Electron Microscopy (SEM) at Clean Technology 

Research Workshop - LIPI using JEOL JSM-IT300LV equipment. 

The bio-adsorbent was examined to determine the constituent elements (both 

before and after the Cadmium (II) adsorption process). This analysis used a 

Dispersive Energy X-Ray Spectroscopy (EDS) contained in SEM with area 

mapping method [23]. 

 

3 Results and discussion 
 
3.1 Adsorbent Characterization 
 

   
a b c 

 

Figure 2 Morphological and topographic structures of vetiver bio-adsorbent at a 

scale bar of (a) 10 µm, (b) 5 µm and (c) 1 µm 
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A sample of vetiver leaf was analyzed using SEM, in order to determine 

the morphological and topographic structures as well as the composition of 

adsorbents before the adsorption process.     Figure 2 and 3 shows the SEM 

adsorbent characterization results. 

Figure 2 illustrates the measurement results of vetiver bio-adsorbent 

SEM images performed at an accelerator potential (HV) of 10.0 kV, and SE 

(Secondary Electron) detectors with different view fields and scale bars, 

specifically 10 µm, 5 µm and 1 µm. In addition, the sample morphology 

demonstrates irregular granules with varying sizes. Figure 3 indicate the 

more dormant bright color as the constituent elements with high atomic 

number, while the inverse was reported for darker colors. 

 

 
 

Figure 3 SEM EDS layer mapping of vetiver adsorbent 

 

        Figure 4 shows the spectrum of EDS test results, where carbon 

demonstrated the highest atomic value, while the small granules include 

Carbon Vit (C) as presented in Figure 3. Based on the test results, the Carbon 

element has an atomic molar of 69.29 wt% and a molar oxide of 59.43 wt%. 

 

 
 

Figure 4 Spectrum of vetiver bio-adsorbent SEM-EDS test results 
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        Besides showing Carbon (C) element as EDS spectrum with the highest 

peaks, Figure 4 also illustrated the peaks of Oxygen (O), Magnesium (Mg), 

Silicon (Si), Chlor (Cl), Calcium (Ca) and Potassium (K) elements. Table 1 

provided a description on the elements contained in bio-adsorbent. 

        Figure 4 indicated carbon (C) element as the EDS spectrum with the 

highest peaks, followed by Oxygen (O), Magnesium (Mg), Silicon (Si), Clor 

(Cl), Calcium (Ca) and Potassium (K) elements. Table 1 describes the 

elements contained in bio-adsorbent with the highest chemical composition, 

including Carbon Vit at 59.29 wt%, SiO2 (30.02 wt%) and several others with 

amount < 3.49 wt%, specifically MgO, NaCl, KBr and Wollastonite. 

 
Table 1 Adsorbent characteristics before use 

 

Element Apparent 

concentration 

Weight Percent 

(Wt%) 

C 16.04 59.43 

O 9.62 30.02 

Mg 0.77 0.96 

Si 3.09 3.11 

Ca 2.09 2.07 

K 3.66 3.49 

Cl 0.89 0.92 

Total 100 100 

 

3.2 Cadmium Removal 
 

        The adsorption process lasted for 24 hours. Figure 5 and Table 2 shows 

adsorbent analysis performed using SEM-EDS on adsorbent of C. zizanoides 

grass. 
Table 2 EDS analysis results after adsorption process 

 

Cd 

Concentration 

(mg/L) 

Element 

C O Mg Si Ca K Cl 

10 + + + + + + - 

25 + + - + - - - 

50 + + - + - - - 

75 + + - + - - - 

100 + + - + - - - 

 

                + = was found; - = not found 

        The addition of adsorbent to solutions containing 10 mg/L of Cadmium 

led to the elimination of Cl element originally present during the initial  
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characterization. Also, the incorporation into solution containing 25 mg/L Cd 

showed prompted the removal of Cl, Mg, Ca and K elements. The C, O and 

Si elements were recorded in the adsorbent put into a solution of 50, 75 and 

100 mg/L Cd, while Cl, Mg, Ca, K and Al elements were not traced. 

 

 

                        
 

Figure 5 Elements contained in adsorbent with various concentrations of Cd
2+ 

(a) 10 mg / L (b) 25mg/L, (c) 50 mg/L, (d) 75 mg/L and (e) 100 mg / L
 

 

        Figure 6 and Table 3 show the analysis result of filtrate using an AAS-

flame with three repetitions to observe the removal of Cd
2+ 

metals absorbed 

by vetiver leaf bio-adsorbent. 

 
Table 3 EDS analysis results after adsorption process 

 

Concentration 

(mg/L) 

Cd Adsorption 

Removal 

Efficiency (%) 

Before 

(mg/L) After (mg/L) 

10 10 1.5611 84.77 

25 25 20.2367 19.47 

50 50 47.6000 10.52 

75 75 73.0800 7.87 

100 100 98.2367 0.72 
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        The highest removal percentage reached 84.7% and was attributed to 

samples containing 10 mg/L Cd, while smaller removal efficiency was 

recorded in the presence of 25 mg/L concentration or higher. Table 4 

illustrates the removal capacity of Vetiver's bio-adsorbent, and a fairly good 

performance was observed, compared to other bio-adsorbents in previous 

studies. 

 
Table 4 EDS analysis results after adsorption process 

 

Adsorbent Qmaks (mg/g) Reference 

Chrysopogon zizanoides L 88.17 This 

research 

Phragmites australis 6.4 [24] 

Aphanothece sp. 12.24 [25] 

Litchi chinensis peel 15.27 [26] 

Cantaloupe peel 30.4 [10] 

Nigella sativa seeds 19.7 [3] 

Chlorella vulgaris biomass 24.9 [23] 

Ananascomosus  peel 18.21 [27] 

Parkiaspeciosa  pods 25.64 [27] 

Psidiumguajava peel 39.68 [27] 

Ulva fasciata biomass 84.6 [28] 

Lithothamniumcalcareum Algae 188.74 [7] 

Coffee grounds 15.65 [8] 

 

 
 

Figure 6 Average metal Cd resulting from AAS measurement at various 

concentrations
 

        Figure 6 shows the deviation in three (3) repetitions to be insignificant, 

indicating the possibility of having no significant difference between 

repeated sample measurements using AAS. 
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4 Conclusions 
   

        Chrysopogon zizanoides leaves are possibly used as a raw material for 

Cadmium (Cd 2+) metal absorption, and the highest removal efficiency was 

observed in samples containing 10 mg/L Cd. This grass has potentials for 

application as an adsorbent in wastewater treatments containing Cadmium 

before being discharged into receiving water bodies. However, the bio-

adsorbent characteristics is dominated by carbon elements. 
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