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Abstract

In this study the adsorption behavior of reed tisshias been investigated in a batch system in trdiatermine
its applicability in treating wastewater. The optim conditions for the treatment process were ingatetd by
observing the influence of organ of plant (leagnst root), pH levels, the presence of competing,iamitial

concentration and of the reed tissues.

The results indicated that the adsorption capaséyg strongly affected by the initial concentratiphi levels
and organ of plant. Optimum adsorption of Pb (I§svobserved at pH 7.0, initial Pb(ll) concentratd®hmg/L,
temperature 25-4%C and contact time 30 minute. It has a good fittfar Freundlich compared with Langmuir
isotherm models. As well as, Pseudo second — didetic model was fit better than pseudo first ordedel.
Phragmites Australia shows that it is feasible for this plant matedala novel adsorbent for Pb(ll) removal in
the future.

Key words: Reed tissues, Pb(ll), Adsorption, Freundlich, lraog; Stem.

1. Introduction

Groundwater is considered a vital source of drigkirater. Even worse, this source is now decreatilgto the
continuous pollution resulting from industrial tedhogies, urban, agricultural, and human activjtesgefly in
the third world countriegRobert (2008); Fu & Wang (2011) Moreover, these actions have led to the
continuous disposal of huge quantities of wastewtmghe environment. This wastewater contains tabie
concentration of heavy metal ions which has canstit a significant potential threat to human heéBhrcia-
Reyes &Rangel-Mendez (2010); Demirbas (2008)). Tpeiential for health effects in at least two maj@ys:
first, by environmental transport, that is, by humma anthropogenic contributions to air, water],said food,
and second by altering the speciation or biochdrficen of the element (Beijer. & Jernelov1986).

The concept of heavy metal ions refers to the ehlsnbaving atomic weights between 63.5 and 20(h6, a
specific gravity more than 5.0 such as transitiements (Srivastava & Majumde 2008). Toxic heavyatseof
particular concern in treatment of wastewatersuighelcopper, iron, nickel, cadmium and lead.

Copper is essential for animal metabolism. But thdreme ingestion of copper brings about serious
toxicological concerns, such as vomiting, crampsvalsions, or even death (Paulieb al.2006). Nickel
exceeding its critical level might bring about seis lung and kidney problems aside from gastrdiintzis
distress, pulmonary fibrosis and skin dermatitid &ns known that nickel is human carcinogen (Boebal.
2006). Cadmium has been classified by U.S. Enviemtal Protection Agency as a probable human cageimo
Cadmium exposes human health to severe risks. @€hegposure of cadmium results in kidney dysfuncémd
high levels of exposure will result in death. Lezwh cause central nervous system damage. Leadls@an a
damage the kidney, liver and reproductive systeasicbcellular processes and brain functions. Thecto
symptoms are anemia, insomnia, headache, dizzimatshility, weakness of muscles, hallucinatiomdarenal
damages (Naseem & Tahir 2001). Iron deficiencyhés ost common nutritional deficiency in the wor@ur
bodies need iron to help oxygen get to our musdlasit is toxic when large amounts in the formtad many
iron pills are taken into the body (Wasaigal. 2009).

In this context, it should be pointed out that nafsheavy metal ions salts are very soluble in aggesolutions.
Hence, it is not easy to separate these ions frqoe@us solutions or wastewater using simple sdparat
processes (Hussea al. 2004). Moreover, for the reason that these ioagparsistent in the environment and
are not being degradable to form harmless prodiicis,of primary safety concerns to treat and reenthese
toxic ions from all wastewater effluents beforeititisposal to the environment (Eg#hal. 2011). Recently to
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meet the increased more and more stringent envieatahregulations, appropriate technologies haiteted to
assess the presence and mobility of metals inwsater and wastewater.

Presently, phytoremediation technologies have mdshich a state that they are not only comparaitteother
technologies in terms of cost, but they are alscenedficient and more effective. Ultimately, itgseat attention

to use these methods in treatment of water/wasgeveating its attractive advantages such as envieoiah
compatibility, versatility, safety, cost effectivess as well as take the advantage of the uniquesaledtive
uptake capabilities of plant root systems, togethih the translocation, bioaccumulation, and content
degradation abilities of the entire plant body (Ghuk et al. 2006). Phytoremediation is the use of plants to
clean up a contamination from soils, sediments, water. Many species of plants have been successful
absorbing contaminants such as lead, cadmium, d¢hnomarsenic, and various radionuclides from soils.
Recently, the demand for new material that is nedfigient, inexpensive, biodegradable, and envirentally
friendly, as the use of plant materighfagmites australis) for the purification of toxic products in aqueous
effluents has received a significant credibilita{@aniet al. 2010).

Here,Phragmites australis are known for their accumulator power, can respaogée pollution in a sensitive
and effective manner, hence the importance of th&érin phytoremediation. It has a high toleramcadavy
metals.

Based on literature reviews, so far no other ssil@ve taken into account the abilitypbfagmites Australia to
adsorb toxic metals (Pb, Cu, Ni, Cd, Fe) by theats, stems and leaves from wastewater.

This paper was carried out to determine the optimyperating conditions of heavy metals removal by
phtofiltration technique. In addition, it was intigated the influence of the variables such as &atpre, pH
solution, contact time, concentration of metal iansl the effect of competing ions on treatmentifficy. And
also, the kinetics of the biosorption process &edatdsorption isotherms explored in this studyddition to the
testing of anti-bacterial activity for tHehragmites Australia.

2. Materials and methods
2.1 Methodology

The raw biomass dPhragmites australis plant was collected from Wadi Al-Bathan field. Rt were removed
from the soil and washed, and the roots were stghrfsom the stems and leaves. The others samples o
Phragmites were obtained from the sewage wastewater treatptent from Sarra. Washed, and the roots, stems,
and leaves, were separated. All samples were aved at 370C for one week. Then the leaves, rodtstem of
both plant samples were crushed separately.

This was followed by two parts of experiments: plogential ofPhragmites australis plant which collected from
Wadi Al- Bathan to remove (e Cd ?*, Cu?', Ni #*, and Pb*) from aqueous solution was studied and
compared with other plant of Phragmites which walseh from sewage purification plant in Sarra. The
antimicrobial activity for the Phragmites australias examined in the biological part.

2.2 Biological experiments

In this study, we prepared Mueller-Hinton Agar mler to examine the antibacterial activity. In tbatext, the
dried plant materials were conducted to a fine pawid a blender. 7 gm of dried powder frgaghragmites
australia and 6gm from the other phragmites were soake®@td of methanol either distilled water in a round
bottom flask and put in a shaker at room tempeeatar 48 h. Then methanol samples were concenttated
dryness in autoclave at (1°%2)) until dry methanol extract was obtained. But tater samples were put in
freezer for the antibacterial test, samples of B0fram each plant extract were taken with a conetioh of
10% DMSO, which was prepared and used for antibat&nalysis. Here, At least four morphologicaiyilar
colonies were taken frortaphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Klebsiella sp
bacteria with sterile loop and transferred into MHPo affect the performance of the test, the platese
incubated in the incubator for 48hours.

2.3 Chemical experiments

HCI and NaOH (analytical grade from Merck) weredise adjust the solution pH. The Pb, Cu, Cd, Nd &e
stock solutions were prepared respectively by digsp their corresponding nitrate salts (Pb(N©3hhydrous ,
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Cu(NO3).3H20, Cd(NO3) .unhydrous, Ni(NOQ)6H20 and Fe(NO3)9H20, analytical grade from Merck) in
distilled water, and standardized by atomic absompspectrophotometry. The ion concentrations wclst
solutions were about 5 g/l. Thus, batch adsorpéigperiments were carried out at an ambient temperaif
about 20°C. However, Absorption measurements were carrigcbp(ICE 3000 SERIES, Thermo Scientific)
Flame atomic absorption spectrometer with acety@ndlame. The solution pH values were measured by
JENWAY (3510) pH Meter.

3. Results and discussion
3.1 Effect of initial concentration

Heavy metal removal efficiency by the organsPbfagmites australis is shown in Figs.2-6. It can be noticed
that that the removal efficiencies of these heawetats (Fe, Cd, Cu, Ni and Pb) increased with area&ing
initial concentrations of all metals in all orgaistem, leave, root) of plant in two sites. This rb@yreared to not
occupy of most metals ions at low concentrationinsceasing of these metal ions concentration tedfl all
sites and saturation.

Regarding Pb the removal efficiency increased alingrto the order of stem > root > leaf for bottesi This
may be due to the fact that the exhaust fumeseotiéicular traffic are primary sources of Pb podiu and, as
a result, aboveground organs are directly affectadeed, the purification wastewater plant underdgt
presences in a town and the other site locatedcityaln particular, the aboveground organs aeertfain sink
for many pollutants. In the second case of stugy §sewage purification plant), it showed that $team can
remove about 97% of Pb ions. In this context,aih ®e pointed out that the second site in the sardg
compared with first site (Wadi Al-Bathan) has apm a good efficient for removing of most metalddyy the
shoot ofP Australia.

3. 2Effect of solution pH

For obtaining an optimum pH for heavy metals ad$onpby our modified shoots plant adsorbents, &serf
experiments were investigated at different pH. Figlustrates a relationship between heavy metaisoval and
pH by different adsorbents. It is observed thateasing pH values from 3 to 7 leads to higher haaeyals
removal. As pH increases there are fewer hydrogetops in solution, this means that there is lesapetition
for binding sites and more binding sites are reddawhich results in the increase of adsorptionwarhof heavy
metals. While at pH 10 it is concluded that remasalons was low. This can be clarified by the vihgt the
concentration of H particle was high at low pH. Sbrought about rivalry amongst H and metal pasidbr
dynamic locales on the surface of biosorbents.hiéssblution pH expanded, the centralization of Iigle in

the arrangement diminished, bringing down the ojpjoosof metal particle for dynamic locales (Yuseffal.

2014). It can pointed out that at pH more thanad$eto lower heavy metal ions due to solvationtaydfolysis
of metal particle.

3.3 Effect of competing ions on the adsorption process

As we know, more than one substantial metal pari&brought about by water contamination and tesgnce

of the accumulation of many metals caused intemfere between them. This impact on their connediing
biomass when existing in similar solution, as carseen in Fig. 8 in the presence of all metals feCd, Cu,
Pb) the percent removal of Pb is the best Pb>CuNPEeSd. The impact of competing ions is appearethdo
subject to the sorption liking of the sorbent ahnel metal. The results show that the binding siteghpagmites
Australia shoot have higher affinity for pb compared to tfat other metals when they are mixed together
(Sayrafiet al. 1996).

3.4 Effect of Temperature on the adsorption process

Temperature may play an important role in the pecaf heavy metals removal. So batch experimems ar
performed under different temperatures frofiCL& 60°C to examine the effect of temperature on heavyalset
adsorption by the modified shoot adsorbents. Thmilt® are presented in Fig. 9, the percent evamuati
somewhat increase to breaking point an incentivéhastemperature increase. An expansion in temperat
brings about an expansion in portability of exteasmetal particles, which demonstrates that theratisn
process is endothermic. This induces to an enormipact inside the inner structure of biomass, thahis
way, induces the metal particles to penetrate éurttind increase the dynamic essentialness of aztsorb
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particles, growing in the crash among adsorbent adwbrbate iotas that results in overhauls the vamaof
metals from the adsorbent surface.

3.5 Effect of contact time on the adsorption process

Fig.3shows contact time profiles of the modifiedats adsorbents on heavy metal ions adsorptiocaritbe
seen from the fig. 10, results demonstrate thap#reent removal of metals is extensive at litdatact times,
until harmony is come to after a specific time.fitét, a lot of empty sites are accessible for bigd however
after a specific time (10 —30min), these destimeiget to be involved and soaked with metal pagicThe rest
of the destinations are hard to be possessedessith of the awful strengths that shape betweenlriweis.

3.6 Adsorption Isotherms of Ph(ll)

The constants of Langmuir and Freundlich isothemels for the Pb(ll) adsorption by P. Asturilise ar
presented in Table 1. Based on the correlatiorficasft R, the Freundlich isotherm model was the best model
to describe the experimental data.

3.6.1Adsorption thermodynamics of Pb (11)

Adsorption thermodynamics were studied at vari@mperatures and concentration to check conceivable

adsorption systems as in table 2, by utilizing Vetaff plot according to equation

AH  AS
lTle = - E + F (1)

Where K; is the thermodynamic balance consistant{). g

The thermo chemical parametédld andAS can be determined using Van't Hoff's plot fromtgihg InKy
versus 1/T werdH=-R*slope andAS=R*Intercept.

The outcome demonstrates that the enthalpy of ptisorAH’ was -150.5kJ mot and the entropyAS was
0.115 J mot* K™*. AG was computed at different temperatures from theviohg equation:

AG® = AH® — TAS® o

Negative values ofAG at different temperatures point that adsorptospiontaneous at these temperatures. The
negativeAH denotes that this adsorption is an exothermicgss.AH® value is lower than 40 KJ/mol which
suggest that the nature adsorption is a physicalgss.

3.6.2 Rate order of Pb (Il)

The negativeAG, values exhibit that the adsorption is unpromptat these temperatures. The negative
estimations ofA H demonstrate an exothermic adsorption and demadasthat the adsorption is ideal, at low
temperature. On the other hand, the positive eibmaf AS°® prescribes that some assistant changes occur on
the adsorbent and the irregular movement at thengfiiquid interface in the adsorption structureré@ment
through the adsorption system.

For the assessment of the kinetics of adsorptigil)phto reed shoot, pseudo first and second owdere
applied and the rate consistant for the adsorpkiband k2were assessed.

The first-order equation:

10g(Q. — @) =1log Q. — (55-) ¢ 3)
Where Qs the adsorption limit of the reed shoot at beéafmg/g), Qis the measure of Pb(Il) adsorbed at time
t (mg/g) and K is the pseudo first order rate constant (Min

Aplot of log (Q—- Q) against time obtains the rate constant K

The Lagergren'’s first order rate constant)(End Q determined from the model are given below and ftben

corresponding correlation coefficients. It was séem figure 11 and table 3 that the pseudo firskeo model
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did not adjusted well. It was found that the cadtedl Q values did not correspond with the experimental Q

value. This indicates that the adsorption of ppwkks not preferred first-order kinetics.
The pseudo second order equation R % 4)
Qt Qe KZQe
Where K is the pseudo second order rate constant (grmig 2).
Pseudo second - order adsorption model for Pladidprption onto reed shoot was applied and tleecatstant

for the adsorption Rwas evaluated as shown in figure 12

As can be seen from table 4 there is a harmonizdigtween experimental and calculated values for
pseudo second order model. The results of uptakb fl) by reed shoot fit well the Langmuir adsioop
isotherm more than Freundlich adsorption isothenmd, Pseudo second - order kinetic model fit beftitzn
pseudo first order model.

4. Conclusion

The adsorption of the heavy metal ions from sofutatoPhragmites Australia was determined. The adsorption
was increased for increasing the concentration iofmass. Efficiency of metal removal from solutioy b
Phragmites Australia is directly proportional to the initial solutiomrcentration. The rate of adsorption was fit
at natural pH value of the solution. Adsorption ased in more acidic solutions, due to hydrogem io
competition. In this work, Pb (II) was efficienttgmoved at optimum condition for binding of biomaBb (I1)
removal efficiency was achieved as 97.3% by shaotpdes, and it has a good fit for the Freundlicmpared
with Langmuir isotherm models. As well as, Pseuelmosd — order kinetic model was fit better tharupsefirst
order model.

Ultimately, Phragmites Australia shows that plants were collected from Wadi Al-H2at can absorb metals
more other phragmites which imports from other ¢ourHence Phragmites Australia shows that it is feasible
for this plant material as a novel adsorbent fafilPbemoval in the future. And it can be used amibstitute for
the more expensive adsorbents like activated cadoasther treatment methods like electro-dialydise to it
availability and low cost.
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Fig. 2. Effect of initial iron metal ions concentration tire removal efficiency by root, stem and leaf dfothP. australis;
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* L. leaf; R: root; S: stem; H: purification wastater pant
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Table 1.Langmuir,and Freundlich isotherms for Pb(ll) agsion equilibrium.

Models Fitting equations Corresponding parameters
Langmuir y = 0.0834x + 0.0735 R*=0.5995
Freundlich y = 0.6075x + 1.8382 R = 0.9264
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Fig. 11. The graph of Inkversus 1/T for Pb (Il) adsorption on (reed shoot)
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Table 2
The parameters of the thermodynamic of pb(ll) aolsom at various temperatures.
AG°
AH° AS
Adsorbent (KJ/mol)
(KJ/mol) (J/mol.K)
289 K 308 K 318 K 328 K
Reed Shoot -150.5 0.115 -152.2 -153.3 -154.6 -157.4
0.5 q
0.4 ~ .
0.3 4
.
f_‘\0.2 . .
(e
0.1 A
o
S T T T T T T 1
5’_0 1 0 20 40 60 80 100 120 140
-0.2 1 y = 0.0019x + 0.0318
-0.3 . R2=0.1022
-04 -
time (min)
Fig.12. The plot of Pseudo first- order adsorptoretics of pb(ll)onto reed shoot
Table 3
Pseudo first- order parameters for pb(ll) adsorptioto reed shoot at 25°C
Adsorbent Qe(exp) pseudo first- order
(mg/g) K1 ge (calculated) R?
min! (mg/g)
Reed Shoot 0.95 2.441x10° 0.235 0.1022
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Fig. 13 plot of Pseudo second- order adsorptiaetids of pb(ll)onto reed shoot.

T;:;lej;o second- order parameters for pb(ll) adsarpnto reed shoot at 25°C.
Adsorbe 0. (exp) pseudo second — order
(mg/g)
K2 Ce R?
min™ (calculated)
(mg/g)
Reed Shoot 0.95 6.%10> 1.39 0.9881
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