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Abstract

The adsorption process is largely a surface-action phenomenon. In this study, sorption capacities for heavy metals on a solid waste matrix
were investigated. Five heavy metals (iron, copper, zinc, nickel and cadmium) were chosen because of their availability in any landfill site. The
conditions during all the experimental runs were pH 7.0, temperatur€ aad suppressed microbial degradation. For adsorption isotherm
(Freundlich and Langmuir) calculations, fixed quantities of heavy metal ions were mixed with variable quantities of solid waste. The ratio of
mass of adsorbate per unit mass of adsorbent was changed five times, by changing only the adsorbent amount. The results showed that the tim
required to reach equilibrium varied from metal to metal but all reached equilibrium within the first 32 h. The relative potential of sorption
of the individual metals and mixed metals on the solid waste matrix is Fe >Zn > Cu> Ni>Cd. The sorption capacity of domestic solid waste
matrix for heavy metals is quite significant and this property might prove helpful for the in situ removal of heavy metals in landfill operation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction present in this and could severely affect the overall processes
occurring in a landfill environment.

Sanitary landfill is the most common method of disposal Leachates are liquid wastes produced at all landfill sites
of solid waste all over the world and is the oldest and the most as water percolates through refuse which contains significant
popular ultimate disposal option often enabling the reclama- amounts of heavy metals and other contaminants and these
tion of derelict land to be achieved. It also has the advantagescause a potential pollution problem for surface and ground-
of flexibility and reliability and it is quite easy to predict waters. The characteristics of leachate change overtime, as do
the future costs of direct landfill. As well as municipal solid the decay processes within the waste body. As a landfill ages
waste, commercial and industrial wastes, which may contain there is a change from a relatively short initial aerobic period
hazardous substances, such as heavy metals, organic solventsf activity to a longer-time anaerobic decomposition period
radioactive wastes etc. are also received by landfills in many that has two distinct sub-phases: an acidic phase followed by
countrieg[1]. Batteries, paints, dyes and inks in paper, pes- a methanogenic phase. Leachate may be removed from the
ticides and fertilizers in yard waste are examples of house- base of the waste mass for immediate treatment or disposal
hold and commercial wastes, which contain high quantities of or may be recycled within the waste mass to accelerate decay
heavy metals. Incineration ash is another type of waste thatand defer treatment and disposal costs.
is disposed to landfills. High amounts of heavy metals are  In the acidic phase leachates are generally “young” and

have high levels of organic pollutants and volatile fatty acids
(VFASs). The high concentration of VFAs results in pH val-
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concentration of heavy metals is a function of the complex derived Freundlich isotherm can be defined as follfi§:
formation with organics, the pH and the carbonate species.
The concentration increases with low pH and decreases— = KfCé/" Q)
with increasing concentrations of carbonate species. In the”
methanogenic phase, methane-forming bacteria degrade thavherex/mis unit of adsorbate added per unit of adsorbent
VFAs and reduce the organic strength of the leachate. The(mg/kg),Ce is equilibrium concentration of adsorbate in so-
decrease in the VFAs concentration causes a rise of pH to 7lution (mg/L). Kf andn can be determined experimentally
or greatef4]. by determining the degree of adsorptidm at different con-
The potential leachate treatment methods are biological centration<Ce. The information can then be plotted using the
[5] and physico-chemicdb,7], the latter being more appro-  following equation.
priate for “old” leachate than “young” leachd®. One im-
portant process occurring inside the landfills is the adsorp- Iog(
tion of heavy metals onto the waste. However, there are no
quantitive data about heavy metal sorption potential of do- In a plot of the above equation, ld¢ will be the intercept
mestic refuse in literature due to both the heterogeneity of of the line wherCe is 1 mg/L, and it indicates the adsorption
received refuse and the absence of standard procedures fogapacities of the solid waste,nlis the gradient assuming a
the determination of sorption characteristic of specific wastes linear relationship.
[9]. This study sets out to investigate the physical behavior
of solid waste with heavy metals at pH 7 to reflect typical 5 5 Langmuir isotherm
methanogenic phase conditions.
Th.e me}in quective of this res'earch was to ?nves?igate the Langmuir[11] proposed the first isotherm model which
sorption kinetics of each metal (iron, copper, zinc, nickeland 55,med monolayer coverage of the adsorbent surface. The
cadmium) and hence the potential for adsorption of heavy <t commonly used expression of the Langmuir equation

metals onto solid waste matrix, under one particular set of ¢, jescribing adsorption data for solid—liquid systems is
physical conditions. This objective was achieved under a
range of fixed environmental conditions; initial concentra- x KL MCe

—=— ®3)

tion of metal solution that was fed on the solid waste matri- 7 ~ 1+ KL Ce
ces, pH of the whole mixture and temperature in the system , )
appropriate to the methanogenic phase of the solid waste deyvherex is the amount or concentration of the solute adsorbed
composition and suppressed micro-biological degradation of:_nb mg, mis the mass offthhe adslorbgnt n I/@B IS tr:jeMeqw-
the solid waste. The variable condition was the amount of ''°r'um conﬁntlr_atlon.o dt € so utg n Tgh'KL andM are
solid waste matrix that was prepared in laboratory. Thus, the constants. The linearized expression of this equation Is
research was able to identify the dominant physical removal 1 1 1

. : - = 4+ = 4
processes with solid waste. m - KiMCa T M (4)

1
i) =log Ks + — logCe (2)

m n

This equation is called the “Double-Reciprocal Langmuir
Equation” and more suitable for situations in which the dis-

Sorption is a physical and/or chemical process in which tribution of equilibrium concentrations tends tq_bg skewed
towards the lower end of the range of the equilibrium con-

a substance is accumulated at an interface between phases. ; )
. . b centrations. An EPA repof1 2] concluded that the Langmuir
The overall rate of sorption of metals on a solid waste ma-

: o . constant or affinity parametek() is related to the bonding
trix depends on composition (density, surface area) of the :
. . S energy between the adsorbed ion and the adsorbent, but that
solid waste, concentration of adsorbate (metal ion) in solu-

tion, solid waste to solution ratio, contact time history of the specific functional relationship is uncertain. Kinnibu{gB]

solute concentration with the solid waste, solution sampling noted thak,_ is best estimated from the slope of the adsorp-

. -_tion isotherm at very low concentrations. The considris
procedure, pH, temperature and biodegradable characteris- . . .
tics of the solid waste accepted as the adsorption maximum of the adsorbent with

Anumber of different equations can be used to predict the- respect to the specific solute and is interpreted as the maxi-

oretical adsorption capabilities for different adsorbents. For mum amount or concentration that an adsorbent can retain.
this study, the Freundlich isotherm and Langmuir isotherm

equations have been used to predict adsorption capabilities _
of metals on the solid waste matrix. 3. Materials and methods

2. Sorption isotherms

2.1. Freundlich isotherm 3.1. Solid waste preparation

Freundlich isotherm is the oldest and most widely used = Composition of the synthetic solid waste was taken ac-
adsorption equation for solid—liquid system. The empirically cording to the average of a typical municipal solid waste
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composition (food waste 76%, paper 12%, plastic 4%, tex- The EPA[12] have suggested that the equilibrium time should

tiles 4% and yard waste 4%) determined for five districts in be defined as the minimum time needed to establish a rate of

Istanbul[14]. change of the solute concentration in solution equal to or less
About 5 kg of solid waste was prepared in the laboratory. than 5% per 24-h interval. This definition is an operational

As adsorption is a surface area phenomenon, it was consid-definition of equilibrium and is equivalent to a steady state.

ered necessary to increase the surface area of solid waste bast as an equation it may be written as

shredding it into small pieces as near as possible to about a

centimeter at any side. The solid waste was heated &t@05 A€ _ 0.05 per 24-h interval (6)

for 24 h to evaporate all moisture and to kill microorganisms. At —

Moisture content of this solid waste was 71%. Finally, the

Jones et a[18] have suggested a less rigorous approach based
waste was cooled and kept dry until use. [18] gd d PP

on the minimum time needed to establish a rate of change of
the solute concentration equal to, or less than, 10% during a
3.2. Standard solution preparation 6-h period.

In these experiments, de-ionized water taken from a 3
standard laboratory was used throughout. Tap water and/or
distilled water could not be used since they may contain
inorganic salts and organic components that may affect
sorption capacity and interfere with the spectrophotometric
determination of the metals concentrati¢h5]. Initial
metal concentration for individual solutions was taken as
40 mg/L for iron, 20mg/L for copper, 20 mg/L for zinc,
20mg/L for nickel and 2mg/L for cadmium using the
highest availability to be found at any landfill site in Turkey
according to The Turkish Hazardous Waste Control Regu-
lation [16]. These solutions were prepared in the laboratory
by using (NHy)2Fe(SQ)2-6H,0 salt, CuSQ@-5H,0 salt,
ZnSQ;-7H,0 salt, NiSQ-6H,0 salt and CdS@2.5H,0
salt. A mixed solution was prepared by using the same
concentrations of each metal ion simultaneously.

5. Laboratory procedure

Generally, two types of experimental techniques
were used to generate batch-sorption data: (i) constant
solid:variable solution method, mixing a range of aqueous
solutions—containing progressively decreasing solute
concentrations—with a fixed mass adsorbent, in all instances
and (ii) variable solid:constant solution method, mixing
batches of the same solute concentration, with progressively
increasing amount of absorbent.

The amount of adsorbate by weight was kept constant at
all times and the amount of solid waste matrix was varied. A
1L plastic bottle was used for each experiment. A measured
amount (50, 90, 130, 170 or 210 g) solid waste and 650 mL of
solution of any one ion (iron, copper, zinc, cadmium nickel
or mixed) were added to this bottle. Continuous shaking was
provided using a heated water bath mechanical shaker. The
3.3. Solid waste:solution ratio temperature was maintained constant étG2The initial pH

was set at 7.0 using NaOH or HCI and the change of pH was

The term solid waste to solution ratio refers to the ra- monitored. Conductivity of the solution was measured at dif-
tio of the mass of the adsorbent to the mass of liquid. The ferent times. The combination of all runs and measurements
solid:solution ratio of the ASTM procedure D4646 is 1:20 (pH, electrical conductivity (EC) and temperature inside the
[17], whereas EPA12] suggests that the solid:solution ratio  bottle) during a single test is tabulatedTiable 1
may or may not have a profound effect on sorption data and  Degradation of organics within the waste by microbial ac-
recommends the use of samples with a ratio varying from tion can cause an increase of acidity in the solution which
1:4 t0 1:10,000 to enable direct comparison of sorption data. causes a drop in pH and sorption capacity of metals from
For each time and each metal case, 650 mL of solution wasthe solution on solid waste. Sodium azide (N&N\2% arbi-
taken to conduct the experiment. Arbitrarily 50, 90, 130, 170 trarily) was used to suppress the biological actiyit9]. The
and 210 g samples on a wet weight basis of solid waste wereexperiments were conducted using translucent plastic bottles
used as adsorbent matrix. The ratio varied for this experimentto prevent photo-degradation of the solid waste matrix.
from 1:13 to 1:3 for 50—210 g of solid waste mass. To determine equilibrium time and concentration, 10 mL
samples were taken at 0.5, 1, 3, 5h intervals until reaching
11 hin 1 day. After 9 h overnight, samples were taken again at
20, 22,24, 26, 28, 30 and 32 h intervals. Equilibrium concen-
The equilibrium time in batch-sorption experiments is the tration of the solution was then used for isotherm calculations.

time interval in which the system reaches chemical equilib- _ Collected samples were monitored by using the Perkin-

rium and the concentration of the products and reactants ceas&!/Mer atomic adsorption spectrophotometer. Before using
to change with respect to time. the spectrophotometer all samples had to be prepared in

a standard way to break down their complex bonds. The
ac 0 5 standard method, EPA method 3010A was used for sample
or ®) preparation.

3.4. Measurement of equilibrium time
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Table 1

Combination of all runs

Metal ion Solution condition Amount of solid waste (g) Number of runs Measurements
Fe, 40 mg/L Individual 50, 90, 130, 170, 210 5 pH, HCC

Cu, 20mg/L Individual 50, 90, 130, 170, 210 5 pH, ECC

Zn, 20mg/L Individual 50, 90, 130, 170, 210 5 pH, EC;C

Ni, 20 mg/L Individual 50, 90, 130, 170, 210 5 pH, EC;C

Cd, 2mg/L Individual 50, 90, 130, 170, 210 5 pH, EC;C

Fe, Cu, Zn, Ni, Cd Mixed 50, 90, 130, 170, 210 5

Reference tests No feed metals 50, 90, 130, 170, 210 5

Total number of runs 35

3.6. Evaluation of procedures and equipment results were then used as reference or control data and were

subtracted from the measured concentrations of feed ion at

For the evaluation of procedures and equipment, 10 sam-different times in the main test series.
ples were taken from a single test bottle containing 90 g solid  Sorption at the solid/solution interface is an “innately
waste matrix with mixed metals solution at one arbitrary time mathematical” proced®0] in the sense that for sorption to
(repetitive measurements). All samples were then preparedoccur, desorption of some antecedent species must also occur.
for standard testing and the concentration of each metal wasSparkg21] has noted that this effects exchange equilibrium
obtained from each of the samples. Sandard deviation for eachin batch systems, but not in flow systems. In this respect,
metal from the data of 10 samples was calculated. The stan-desorption behavior of the solid waste matrix was taken into
dard deviation for Fe was 1.848 mg/L, for Cu 0.590 mg/L, for consideration for each case and these values were subtracted
Zn0.315mg/L for Ni0.714 mg/L and for Cd 0.039 mg/L. The from the measured experimental data.
obtained results from all 10 samples for five metal ions gave
a precision (percentage of deviation from the average point)

. ) B 0
for procedures and equipment in the range of 3.39-5.65%. 4. Results and discussion

3.7. Reference experiment Batch sorption studies were conducted to investigate the
sorption capacities of Fe, Cd, Cu, Zn and Ni on solid waste
Five reference experiments were conducted for the five within a range of 50-210 g and to establish the equilibrium
different amounts of solid waste matrix (50, 90, 130, 170 and time of accumulation. For each of the metal ions, significantly
2109) to determine metal concentrations that were presentrapid increase of sorption was observed within the first few
within the laboratory prepared solid waste matrix. De-ionized hours and a steady equilibrium was already reached in 32 h.
water was used with the addition of Naltb suppress bio-  As an exampleFig. 1 shows equilibrium time of 11 h and
logical degradation under a constant initial pH of 7.0. The equilibrium concentration of 10.63mg/L for Cu ion using
amount of NaN was taken as 1.3 g for the 650 mL of de- 170 g solid waste matrix.
ionized water used in each case. The working environment  Solid waste has different components each representing a
was the same as previously described. The objective was tadifferent percentage of the total; not all of these components
determine the effect of Naj\on the solid waste matrix, the  have metal ions within them, some of them have. Metals are
rate of desorption of metals from the solid waste matrix, and coming out from them in contact with water at the same time
subsequent re-adsorption, during the experimental runs. Theas those components, which do not have any metal ion, are

25

=
B
E
@ 18 P
=
o]
3O T Tt
= Ce
z
B B R RREREEEEEEEEEERED
t —eCu
0 vV
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32
Time, hour

Fig. 1. Change in residual Cu ion concentration.
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Fig. 2. Time dependent concentration of Zn ion from 170 g of the solid waste mass.

adsorbing these metals. In some cases, desorption rate isoils decreased in the order: £bNi > Cd. Accumulation of
higher than adsorption rate within the solid waste and vice metals Cu, Co, Ni, Pb, Cd and Zn by gellan gum (GG) gel
versa. This depends on the amount of solid waste that does nobeds was also studied by Lazaro et[2B] and maximum
have metal ions and concentration of heavy metal within the metal uptake sequence was Pb > Cu >xNin=Co>Cd. On
solid waste. Hence, before the results of sorption experimentsthe other hand, removal rates of heavy metals rose by in-
were evaluated, a number of runs was conducted to investigatecreasing the amount of solid wasteid. 4). Both individ-

the desorption of metals from solid waste in de-ionized water ual and mixed heavy metal solutions indicated same removal
and subsequent re-adsorption. The results indicated thatrend except zinc; Cd>Fe >Zn > Cu > Ni for individual and
desorption concentrations of each metal were approximatelyCd >Zn > Fe > Cu > Ni for mixed solution. The maximum re-

1mg/L. As an exampleFig. 2 shows the desorption of Zn
ion from 170 g of the solid waste matrix with different times.
The amount of heavy metals adsorbed by solid wagite (

moval rates of initial metal concentrations were obtained at
high solid waste and low residual concentrations and were
81% for Cd, 72% for Fe, 64% for Zn, 49% for Cu and 27%

mg/kg) as a function of the equilibrium concentrations of for Ni of individual solution and were 88% for Cd, 84% for

heavy metals@e, mg/L) was determined by linear sorption
isotherms irFig. 3. As can be seen from the figure, the sorp-

Zn, 70% for Fe, 60% for Cu and 29% Ni. Removal rates and
sorption affinities of these heavy metals were not compared

tion of heavy metals generally exhibited an S-type isotherm to each other because of the different initial concentrations
characterized by an initially small slope that increases with of feed metal solution prepared according to the amounts
adsorptive concentration. Zinc and nickel in mixed heavy given in the Turkish Hazardous Waste Control Regulation
metal solution and nickel in individual solution exhibited a [16]. Removal efficiency of cadmium was much higher than
L-type isotherm characterized by an initial slope that does other metals and reached to 81-88% for both solutions. This
not increase with the concentration of adsorptive in the solid. might be related to low concentration of cadmium (2 mg/L)
However, the behavior of sorption is not completely clear and in solution. However, from the view point of sorption, cad-
can not be concluded from the figures because S-type sorp-mium uptake by solid waste was the lowest. When the heavy
tion may be returned to an L-type after maximum saturation metals (Ni, Zn and Cu) having the same concentration were
in later stages. compared, sorption and removal of Ni for both individual and
The slope of isotherms increased particularly for Fe and mixed solution was lower than Zn and Cu. On the other hand,
Zn, indicating high sorption affinities for these heavy metal Zn was the highest of the three. The affinity sequence can be
ions. The maximum metal sorptior/fn)max by solid waste related to large atomic weight and ionic radius of the heavy
was obtained at low solid waste amount and high residual metals. Atomic weights (g) and ionic radius (picometers) are
concentrations, and was 205 mg/kg for Fe, 125 mg/kg for Zn, 65.39 and 134 for Zn; 63.55 and 128 for Cu; 58.70 and 124

100 mg/kg for Cu, 38 mg/kg for Ni, 18 mg/kg for Cd. In the
metal mixture, ¥Ym)max Was 145 mg/kg for Fe, 126 mg/kg
for Zn, 100 mg/kg for Cu, 42mg/kg for Ni, 16 mg/kg for

for Ni, respectively{24].
The mathematical description of sorption isotherms was
determined by the application of Freundlich and Langmuir

Cd. A smaller amount of Fe was adsorbed from the heavy equations. InFig. 5, the sorption of individual and mixed
metal mixture compared to the sorption from a single ion heavy metals are shown by plotting Freundlich adsorption
solution. There was no vital change in the sorption of other isotherms. As described in ER). Kr, the sorption capac-
metals. This sorption sequence is confirmed by a numberity, can be determined from the intercept and, Ihdicat-

of studies exist in literature. Veeresh et[@2] investigated

ing to the degree of non-linearity between the capacity of

the capacity of metal accumulation (Cd, Ni and Pb) in three adsorbent and equilibrium solute concentration, from the
soils of India and concluded that sorption capacity in all the slope of its linear formKg and n values were calculated
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Fig. 3. Linear sorption isotherms for Fe, Cd, Cu, Zn and Ni ions from individual and mixed solution.
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using the least squares method and tabulatedaisle 2

The Kg value of Cd for individual solution, calculated as
47.28 mg~1" L¥n/kg, was found to be highest among met-
als. The lowesKg values, on the other hand, were observed
for Cu ion of individual solution and Ni ions of both indi-

vidual and mixed solutions, which were about 3:070>,
1.92x 1075 and 2.62x 10> mgl~ " L1n/kg, respectively.

The nonlinearity f < 1) of isotherms in most cases was ob-

served in this studyTable 2. The values of ranged from

removal %

Individual metals

‘DSD;: B%g¢g @130g B

170g W2l0g

CALLLLLALLLSLLAA LSS Ao

YALLLLLLLLLLLLLLLSSSSSY,
IS TITS TSI TTTST SIS

TITIITIIIIIII S

0.169 to 1.951. Potential of adsorption for individual metal
on solid waste matrix using Freundlich constét was
in order of: Cd> Fe >Zn>Cu> Ni and for mixed metals,

Fe>Zn>Cd>Cu>Ni.

A second common model is the sorption isotherm equa-
tion developed by Langmuir, which describes the formation
of a monolayer of solute molecules on the adsorbent surface.
Fig. 6shows the sorption of individual and mixed heavy met-
als by plotting Langmuir adsorption isotherms. The processes

Mixed metals

Os0g 89%¢g B130g B

170 W210g

removal %
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(IO T
VArr 2l 777 77777 777777 77 h
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Fig. 4. Removal rates of heavy metals for individual and mixed solutions.
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Fig. 5. Freundlich isotherm for Fe, Cd, Cu, Zn and Ni ions from individual and mixed solution.

were linearized by the double-reciprocal Langmuir equation of solute adsorbed per unit weight of adsorbent in forming
because better fits were obtained with this moKel(L/kg) complete monolayer on the surfa¢g. andM values were

is a constant related to the energy or net enthalpy of adsorp-also calculated using the least squares method and given in
tion, M (mg/kg) (the adsorption maximum) is the amount Table 3 K| values were highest for Cd in both individual

Table 2 Table 3
Freundlich isotherm constants for individual and mixed solution Langmuir isotherm constants for individual and mixed solution
Solution Heavy  Kg(mgi=*ML¥/kg) n r2 Solution Heavy Ke (L/kg) M (mg/kg) r2
metals metals
Individual metal Fe 12.46 1.241 0.74 Individual metal Fe 0.023 436 0.79
ion solution Cd 47.28 0.408 0.94 ion solution Cd 1.103 6608 0.97
Cu 3.07x 107 0.169 0.94 Cu 0.094 109 0.99
Zn 0.067 0.318 0.87 Zn 0.073 3290 0.92
Ni 1.92x10°° 0.195 0.94 Ni 0.055 6019 0.90
Mixed metal Fe 22.84 1.951 0.79 Mixed metal Fe 0.052 18% 0.78
ions solution Cd 16.22 1.238 0.94 ions solution Cd 0.760 3%B5 0.95
Cu 0.39 0.462 0.90 Cu 0.050 5528 0.93
Zn 20.69 1.289 0.98 Zn 0.055 33 0.98

Ni 2.62x 105 0.197 0.97 Ni 0.051 6573 0.92
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Fig. 6. Langmuir isotherm for Fe, Cd, Cu, Zn and Ni ions from individual and mixed solution.

and mixed solution. This can be explained that the sites re-system (tree fern) for Zn(ll), Cu(ll) and Pb(Il) removal from
sponsible for cadmium adsorption at low concentration are aqueous solutions. The experimental results were analyzed
characterized by much higher energies than those at higheiby using Langmuir, Freundlich and Redlich-Peterson equa-
concentrations. Th¥ values were firstly higher for Fe and tions and correlation coefficients for fitting the Langmuir and
then for Zn in both solutions indicating their high adsorp- Redlich-Peterson equations were significantly better than the
tive capacities. Potential of sorption for individual metal on coefficients for Freundlich equation. According to the eval-
solid waste matrix in terms of Langmuir constauhtwas in uation using the Langmuir equation, the maximum sorption
the order of: Fe>Zr Cu>Cd> Ni and for mixed metal, capacities of metal ions onto tree fern were 7.58 mg/g for Zn,
Zn>Fe > Cu> Cd > Ni. However, wherM values of solid 10.6 mg/g for Cu and 39.8 mg/g for Pb.

waste are compared to the values of other sorbents in lit-  When the coefficient of determinatiorf) is used as a cri-
erature, it can be concluded that the sorption capacity of terion for this study, copper, nickel, cadmium and zinc sorp-
solid waste is low. Yavuz et a[25] studied the removal tions fitthe Langmuir plot. Copper, nickel, cadmium and zinc
of Mn(Il), Co(ll), Ni(ll) and Cu(ll) from aqueous solution  sorption isotherms also agreed with the Freundlich model.
using a raw kaolinite and found that the sorption of these However, the general trend observed in sorption profiles in
metals on kaolinite conformed to the linear form of Lang- Figs. 5 and 68evealed that the sorption data were better inter-
muir adsorption equation. Langmuid constants for each  preted with the Langmuir equation. On the other hand, iron
metal were found as 0.446 mg/g for Mn, 0.919 mg/g for Co, behaved inconsistently. This may be explained by the pres-
1.669 mg/g for Ni, 10,787 mg/g for Cu at 28, respectively. ence of complex-forming ligands in the solid waste which
On the other hand, Ho et 4R6] investigated a new sorbent complicates the prediction of relative metal cation sorption
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affinity. For iron sorption equilibrium in both Freundlich NaNs. However, high temperature, continuous shaking and
and Langmuir models, correlation coefficients were lowest breakdown of metallic salt in solution may cause the drop in
(r2<0.80). pH from 7.0 to near 6.5.

The effect of isotherm shape can be used to predict The effect of temperature on sorption data was linked to
whether a sorption system is “favorable” or “unfavorable” the thermodynamics of the sorption process. The experiment
[26]. According to Hall et al.[27], the essential features was conducted at a constant temperature 6fCG3By using
of the Langmuir isotherm can be expressed in term of a a mechanical shaker with hot bath. Inside temperature of the
dimensionless constant separation factor or equilibrium test bottles fluctuated between 32 and’33hroughout the
parameteKRg, which is defined by the following relationship:  test period for both individual and mixed metal solution ex-

1 periments without showing any significant variation.
KR= 1 )
+ K| x Cg
whereKR is a dimensionless separation factGg, is initial 5. Conclusions
concentration (mg/L) andK_ is a Langmiur constant
(L/mg). The parameteiKgr indicates the shape of the The main findings of these experiments are as follows:

isotherm accordinglykr > 1 (unfavorable)Kg =1 (linear); . L )

0<Kgr<1 (favorable) anr =0 (irreversible). The values ~ ® Dome§t|c waste ha_ls a S|gn|f|c<_31r_1t and potentially useful
of Kg for both individual and mixed metal solutions were  Capacity for adsorbing and retaining heavy metals.
approximately the same (0.99). THg values indicate that ~ ® All five metals reached equilibrium concentration within
sorption is favorable for all metals and reaches to linearity. the first 32 hfor all five cases either individually or in mixed

The ionic strength of the solution has both direct and in- ~ Solutions. _ _
direct effects on sorption data. The extent of these effects® S°lid waste was good biosorbent of heavy metals with

depends on the concentration, composition and change of &N €xperimenta{mmax of (mg/kg ww) 205 for Fe, 125
the ionic constituents. Atkinf28], Bohn et al.[29], Bolt for Zn, 100 for Cu, 38 for Ni, 18 for Cd from individual
and Buggenwerf30], Garrels and Chrig31], Stumm and sqlutlon and of 145 fpr Fe, 126_5 for Zn, 100 for Cu, 42 for
Morgan[32] have discussed the effect of ionic strength on NI 16 for Cd from mixed solution.

sorption data and they concluded that ionic strength may af-® S°lid waste showed a high affinity for Zn when compared
fect sorption in two ways: by changing solute activity, and by {0 &n equimolar of Cu and Ni. .

changing the thickness and properties of the diffuse electri-® The éxperimental results were analyzed by using both Fre-
cal double layers associated with colloidal particles. Withthe ~ undlich and Langmuir equations and the correlation coef-
help of the shielding effect of neighboring ions, the activity ~ ficients for fitting the Langmuir equation were better than
of most solutes tends to decrease as the ionic strength of the € coefficients for Freundlich equation.

solution increases. Griffin and Juringd3], describe a linear The sorption capacity of domestic solid waste matrix for
relationship between ionic strength and electrical conductiv- heavy metals is a quite significant mechanism and this prop-
ity, erty might be successfully used for in situ heavy metal atten-
IS=0.0127x EC (8) uation in landfills.

where IS is ionic strength in moles per litre and EC is electri-

cal conductivity in milisiemens per centimeter. In the study,

conductivity data generally showed increasing trend. As an
example, conductivity of Zn inindividual solution with 170 g

of the solid waste matrix increased from 4.82 ms/cm at 0 h. to S¢hool of Engineering, University of Manchester and Dr.
4.92 ms/cm at 20 h. The ionic strengths were calculated us-Orhan Yenigun, Institute of Environmental Science, Bogazici

ing electrical conductivity measured during the experiment University for their help in this research and for time-to-time

and as proportional to conductivity, ionic strength showed °nliné advice. The financial support by the Research Fund
increasing trend: from 0.061214 to 0.062484. of Bogazié University (Project No. 03Y101) is gratefully

The ionic strength of each individual and mixed metal acknowledged.
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