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ABSTRACT

The ability of Muntingia calabura L. and Andrographis paniculata leavesto remove Zn(ll) ions in wastewater on
some parameter test such aseffect of pH solution, initial metal concentration, contact time and biosorbent mass were
studied. The optimum conditions forMuntingia Calabura L leaveswere obtained at pH 4, initial concentration of
Zn(11) lon is 750 mg/L for 30 minand 0.1 g of biosorbent mass, while Andrographis paniculata leavesobtained at pH
6, initial concentration of Zn(Il) lon is2400 mg/L for 15 min and 0.1 g of biosorbent mass. |soterm adsorpstion
found for Muntingia calabura L. and Andrographis paniculata leaves were Freundlich and Langmuir respectively.
Based on this research, the ability ofAndrographis paniculata is better than Muntingia calabura L. leaves on
removing Zn(ll) ions. Metal ion concentrations were measured by using Atomic Absorption Spectroscopy (AAS).
Maximum adsorption capacity of Zn(ll) by using Andrographis paniculata and Muntingia calabura Lleaves were
71.66 mg/L and 27.6350 respectivelywhile the morfology surface of biomaterialwere performed using Scanning
Electron Micrograph (SEM) and Fourier Transform Infra Red pectroscopy (FT-IR) were used to describe
theinteraction of Zn(I1) ions with the funtional groups of biosorbents to the formation of discrete aggregates on the
biosorbents surface.

Keywords: Biosorption, Zn(ll), Andrographis paniculata leaves Muntingia calabura L. leaves, adsorption
isotherm.

INTRODUCTION

Development of industrialization produce large ditees of wastewater containing heavy metals esgczn(ll)

lon. Heavy metals are not hazardous at lower cdraion however, at higher concentration they can
bioaccumulate and enter to human beings througfotite chain and can cause several health probl@in[Heavy
metal ions are released into the environment fraamious sources, various methods, such as predjpitat
adsorption, evaporation, reverse osmosis, and>3ohasge, has been used to reduce the levels aftpots from
water or wastewater, each method has some limis{®4,5,6,7].

In recent years, the adsorption technique has praee be an effective alternative method to reduce t
concentration of heavy metals in wastewater ané&mlabdy [8]. In this research, the adsorption oflgrnons by
using Muntingia calabura and Andrographis paniculata leaveswere doneMuntingia calabura L have a shade
leaves has chemical compounds such as saponinBaandoids which acts as antioxidants. The driegves of
Muntingia calabura extracted by ethyl acetate, report quinone redectctivity in cell culture test and has a
significant antidiabetic activity [9,10].
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Andrographis paniculata leaves known as a medicinal plant because itsagmthe main constituen of diterpenoid,
flavonoids and polyphenols that are useful as iafgctive, anti-atherosclerosis, and anti-inflamomgt [11].
Biomaterial that has been used to adsorb heavyl e are the rind biwa, leather palm fruit [18bursop seeds
[13], olive seeds [14], mangosteen skin [15] arftbrs.

EXPERIMENTAL SECTION

Chemicals and Equipments

All chemical used in this experiment namely ZnS®,0, HNO;, NaOH, HCI, CHCOOH, CHCOONa, NHOH
and NHCI are analytical grade and obtained from E-Mer@ermany). Distilled water were obtained from
laboratory made. A cruiser, Mortal grinding, pH Brst analytical balance, rotary shaker, AAS (spdoi-240
VARIANT), Oven, FTIR (NICOLET is10), SEM were us@tthis experiment. Herbal plant bfutingia calabural.
andAndrographis paniculata leaves were collected from home garden in Padayg\@est Sumatra,Indonesia.

Preparation of Biosorbent

Biosorbentleaves were washed by running waterjntatsmall pieces, then dried at room temperatihe dried
leaves were crushed to a powder using a cruiser.pblwvder were soaked with a solution of 0.01 mé&INO; for

three hours, filtered and then rinsed with didfiliwater until neutral. The biosorbent were dried agady to be
used.

Batch Adsorption
Biosorbent was entered into 10 mL solution contajninetal ions, and stirred using a shaker for sgvam. The
experiments were conducted by varying pH solutioitial concentration, contact time and biosorb@aiss.

Data Analysis
To determine the amount of metal ions adsorbedfoitmeula used is:

—_ CD_Ce
m

Q

XV

Where “Co” and “Ce” are initial and equilibrium ofetal concentration in solutions (mg/L), respedyiveV” is the
volume solution (L); and “m” is the amount of biolsent (g).

RESULTSAND DISCUSSION

Effect of pH solution

pH is an important parameter in the adsorption ggeaf Zn(ll) ions by biomaterials. The effect &1 polution
were studied in range of 3 taF8g. 1 showsthat at pH 3 the adsorption capacity of no¢tal ions is low, it is due to
the presence of 4@ ions in solution. At higher pH solutionthe comgieti for metal ion in active site with 8"
decreases, so the adsorption capacity increasgsAdsorption capacity of Zn(ll) lons increasedpat 3 to pH 4.
The optimum adsorption capacity ofzn(ll) ions occar pH 4foMuntingiacalabura Leaves and pH 6 for
Andrographis paniculata leaves. At pH 5 to 7 the adsorption capacity ofiBiohs reduced. However, at pH 8 both
adsorption capacity of metal ion increased. Thibdsause the metal ions has been settled befotacted with
biosorbent.

Effect of Initial M etal Concentration

The initial concentration of metal ions were staldie determine the ability of the active site obdwrbentto bind
metal ions [17]. The amount of metal ions adsotneMutingia calabura L. leaves increased with the increasing of
metal concentrations. However, capacity is redugkdn high concentrations is reached due to theesite that
already bonded by metal ions, this causing theratiom and there are no more active site of bicesatiemains to
bind other metal ions. In this case the equilibrinetween the metal ions adsorbed by biosorbenteetiFig.2
shows that the optimum adsorption capacity of Znfihs were found when the concentration is 750Lnvgth
Muntingiacalabural. and 2400 mg/L wittAndrographis paniculata Leaves.

Effect of Contact Time

Fig. 3 shows that the contact time for the adsorptiorcg@se of Zn(ll) ions reach the optimum value aft@émdn

contact time witiMuntingiacalabural and 15 min contact time witAndrographis paniculata Leaves. After 30 min
the equilibrium between the amount of metal ionsam in the solution and the amount of metal ionard to
biosorbent is reached. Longer time caused Zn(H} ivhich has been bound to the active site becdmose back
and caused the adsorption capacity decreased.
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Effect of biosorbent mass

Fig.4 showsthe optimum biosorbent mass for both bioratezre found to be 0.1 g. The amount of adsorbeat!
represents the potential of biosorbent in removomgs on the initial concentration given [18]. Theetal ion
adsorption capacity is inversely proportional te thass of biosorbent used. Increased of biosorhass$ resulting
decline in metal ion adsorption capacity. A specirea can be defined as a part of total area adlailfor
biosorption [19].

Adsor ption isother ms

Equilibrium relationship between adsorbent and Hufge can be explained by adsorption isotherms. [20]
Determination of equilibrium parameters provide artgant information that allows advance adsorptiesigh of
the system [21]. Biosorption isotherms are charamtd by certain parameters, which explain the meatf the
surface and biosorbent affinity. It also be useccdmpare the biosorptive capacity of biosorbent didferent
pollutants [22] Data trial uptake of Zn(ll) ionsfdmoth biomaterial were analyze by Langmuir and Rdéich
isotherm models. Langmuir isotherm models assurmgrface with homogeneous binding sites, equivadeetrgy
adsorption, and no interaction between speciesrbddd23]. Freundlich isotherm models assume trsorgdion
occure on heterogeneous surfaces with interactetwden molecules adsorbed, the application of FHéim
equation also indicates that the energy adsorptimneases exponentially at the completion of tls@igudion center
of adsorbent [24]Fig.5 (a), shows that Rvalue for Zn(ll) ions is 0.9560 witAndrographis paniculata Leaves and
follows Freundlich adsorption models, whiig.5 (b) shows that the isotherm models of Zn(ll) ions withntingia
calabura L. gave the determination coefficient valu¢)Bf 0.8627 andit can be concluded that it folldvasigmuir
adsorption models.

Analysis of functional groupsby FTIR

FTIR analysis oMuntingia Calabura Lleaves were shown iRig. 6.The analysis showedions removal mechanism
in adsorbent surface, because it provides infonatibout the functional groups present in the irecof the
adsorbent [18]. A wavelength of 3422.35 ‘trehows the presence of hydroxyl (-OH) stretchingugs caused by
inter-molecular hydrogen bonding compounds suclplaEnols, alcohols and carboxylic acids.A wavelengith
1654.41 crit is a spectrum of C = O groups in amide. At a wength of 1227.85 cthpeak of the cluster C-N
amine and C-O stretching of alcohol groups werandourhe wavelength of 1037.58 ¢rindicates the C-N bond
stretching.Wavelength of 3422.35 ¢wereshifted to 3423.64 cnThen becomes 3422.11 ¢nTThis FTIR spectra
can provide information that hydroxylwas involvedritig the adsorption process of Zn(ll) ions.

Analysisof SEM

Characterization using SEM was done to see the motwgy structure of adsorbent material. Characiéion is
done at a magnification of 1008%g.7shows irregular structure dflutingia calabura leaves and the presence of
empty pores.These pores will facilitate the adsonpplace of metal ions.
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Figure.l. Effect of solution of pH on the biosor ption capacity of Zn(Il) ionson Muntingia calabura L leaves (o) and Andrographis
paniculata L eaves (V). Experimental condition: Initial concentration = 10 mg/L, biosorbent dose = 0.1 g, stirring speed = 200 rpm and
contact time =15 min
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Figure.2. Effect of initial concentration on the biosor ption capacity of Zn(l1) ion Muntingia calabura L leaves (o) and Andrographis
paniculata L eaves (V). Experimental condition: solution of pH =4 and 6, biosorbent dose = 0.1 g, stirring speed = 200 rpm and contact
time=15min
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Figure. 3.Effect of contact time on the biosor ption capacity of Zn(I1) ion on Muntingia calabura L leaves (o) and Andrographis paniculata
Leaves (V). Experimental condition: Cd(I1) ionconcentration = 750 mg/L and 2400 mg/L, solution of pH solution = 6 and 4, biosor bent
dose=0.1gand stirring speed =200 rpm
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Figure. 4. Effect of adsorbent mass of the metal on the biosor ption capacity of Zn(I1) ion on Muntingia calabura L leaves (o) and
Andrographis paniculata L eaves (V). Experimental condition: Cd(l1) ionconcentration = 750 mg/L and 2400 mg/L, solution of pH
solution = 6 and 4, and stirring speed = 200 rpm
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Figure5. Freundlich (b) Langmuir (a) isotherm modelsfor the adsorption of Zn(I1) ionson Muntingia calabura L leaves (o) and
Andrographis paniculata L eaves (V)
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Figure.6.Scanning electron microscope of leaves (above) and flesh (below) of Muntingia Calabura L (A) and after Zn ion sor ption.
M agnification 1,000 times

64



Rahmiana Zein et al J. Chem. Pharm. Res., 2015, 7(9):60-66

2360,50 :
il \'. ] .

04 AW Y 5

Ty 2919,50 Ay s | .

,! 50, \ M N 037,58

\ ¥ N WU

24 \ - -~ ..-l_.‘_".--— \ ,./‘-.\_\

1 ca - 91901 E' 1374,76 [ ™ 0
.y, A~ | 1037,08  S/mI0 '
il \ 7 M OAL A 103213
BY \upa 7V 2282,76 - " |
A \ c

. - 1375,03

N 163716

) s . 1060,66

o 3522,11

l'lll\' . 1-'."" | {I‘fl _-'d:i 1 x f.JI :"\ll'l ||'¥lj } . -'.l’;a

Figure. 7. FTIR Spectrum of Muntingia Calabura leaves powder
CONCLUSION

Based on this research, it can be conclude that, htrbalMuntingia calabura L leaves andAndrographis
paniculata leavescan be used to adsorp Zn(ll) ions presesdirimple either in water and organ sample. Theréfore
is a potential herbal plant to adsorp Zn(ll) ioeg@nt in molecular of animal organ.
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