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Abstract

Project code : RDG4530016
Project Tittle : Conditioning Soil by Excess Sludge from Sewage Treatment Process for Treatment
of Sanitary Landfill Leachate
Investigators : Wantawin C.1 , Voranissarakul J.1, Vongketsada P.1
1 Faculty of Engineering King Mongkut's University of Technology Thonburi

email address : chalermraj.wan@kmutt.ac.th

Project duration Febuary 2002 - Febuary 2004

Excess activated sludge discharged from wastewater treatment process usually is disposed in
domestic waste landfill where could be contaminated by hazardous waste and results to considerable
concentration of heavy metal in leachate. The objective of this work is to verify the benefits of
activated sludge disposed in landfill on heavy metals removal from leachate. The main studied heavy
metals were lead and zinc.

There were three sections in this study: (1) Investigating the adsorption isotherm of activated sludges
with (ASP) and without (AS) polymer addition: (2) Analyzing the permeability of ASP mixed soil by
following ASTM D 5084 standard; (3) Using column filled with 15 cm. depth of ASP or soil to simulate
as the daily cover material for adsorption breakthrough study.

Freundlich isotherm could be used well to describe the heavy metals adsorption from leachate. Lead
was adsorbed highest following with cadmium, zinc and chromium by both ASP and AS. Freundlich K
values of lead and zinc adsorbed on ASP were 2.55 and 0.37 (mg/g)(l/mg)”n respectively. The
permeability of 2.2 x 10'5 cm/sec was obtained from compacted ASP less than 6.4 x 10-5 cm/sec of
compacted soil. For The lowest permeability of compacted mixture of 1.88 x 10° cmisec was
obtained when soil was added with ASP of 33 percent by weight. However, it was still larger than that
allowed for use as liner in landfill. In column test simulating the use of ASP mixed soil as daily cover
material, the leachate of 300 ml/day spiked with zinc of 20 mg/l or lead of 2 mg/l was applied. The
results showed that even the experiments lasts to 3 months, the breakthrough occurred only in the
column without ASP ( soil mixed ASP of 0 percent). The kinetics constants of breakthrough adsorption

rate of soil for zinc and lead were 0.0117 and 0.3173 I/mg-d respectively.

Key words: Activated sludge, Freundlich isotherm, Lead , Leachate, Permeability, Daily cover
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-%loAnsoq 90.72
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3197 6.2 MAINVYBINITYAAARINNANNITUYBI Thomas dmSuMsgaanid lanzdinzduazaznidiedu

nadn anms R’ Kk X
Zn-SZ In(Co/C-1)= (0.495X10-3m/Q)-(0.01 17CoV/Q) 0.8275 0.0117 0.0423
Pb-SP | In(Co/C — 1) = (1.553x10"m/Q)-(0.3173CoV/Q) 0.6707 0.3173 0.0049

Zn-SZP | In(Co/C-1)= (8.4X10-5m/Q)-(0.0015 CoV/Q) 0.55 0.0015 0.0565
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AS-Zn | In (CODo/COD - 1) = (1.530m/Q)-( 1.964x10-4COD0V/Q) 0.8892 1.964x10" 7.788
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From A Zn | Mn| Ni | cr | cu| Pb | Cd
Lysimeter Y 170 240 | 042 | 840 | 0.8 1.6 0.45
The Netherlands Y 26.0 - 043 | 032 03 012 | 0.02
United Kingdom Y 215 | 265 | 057 | 056 | 0.2 0.4 0.03
France Y 342 | 385 | 6.1 - 015 | 092 -
Canada Y 5.04 - 1.08 - 0.19 - 0.1
Spain Y 0.53 7.6 0.5 057 | 019 | 045 -
Lysimeter MA 38.0 100 | 0.02 0.2 005 | 004 | 008
Canada MA 0.22 - 0.01 - 0.11 - 0.02
Canada MA | 018 | 324 - 012 | 002 | 008 | 002
United Kingdom 0 037 | 215 | 009 | 004 | 003 | 014 | 001
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France 0 022 | 045 | 018 - 0.12 | 001 -
Spain 0 0.56 04 0.5 023 | 014 | 017 -
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Brazil - 10.4 152 - 075 | 029 | 068 | 0.06
Brazil - 6.3 24 - 0.41 0.14 | 058 -
U.S.A.(Range) - 370 125 - - 10 2.0 17
U.S.A./Italy (Range) - 135 - - - 9.0 2.0 0.05
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LEAD AND ZINC ADSORPTION FROM LEACHATE BY
WASTE ACTIVATED SLUDGE

C. Wantawin and S. Thungmanee

Department of Enivironmental Engineering, King Mongkut’s University of Technology Thonburi,
Thailand

ABSTRACT

Excess activated sludge from municipal wastewater treatment plant was applied for remove
heavy metals from landfill leachate. There are two groups of applied activated sludge; one
dewatering by 40 C heat drying and the other by filter press with polymer conditioning. Lead
and zinc in the forms of Pb2+ and Zn2+ respectively, were the studied heavy metals in both
single and binary metal adsorption.

The experimental results demonstrate that Freundlich isotherm could be used to describe the
heavy metals adsorption in both deionized water and leachate. Higher Freundlich K values
were obtained in activated sludge that dewatering by adding polymer comparing with those
by heating. With polymer conditioning activated sludge, Freundlich K values of lead and zinc
adsorption were orderly 5.07 and 1.05 (mg/g)(1/mg)1/n in the deionized water and reduced to
2.55 and 0.37 (mg/g)(1/mg)1/n in the leachate. Other high concentration of cations were found
in leachate such as more than 1000 mg/1 of sodium and potassium as well as about 100 mg/1
of magnesium which lead to poorer adsorption capacity of lead and zinc. Lead has more
affinity to activated sludge adsorption than zinc both on activated sludge with and without
polymer adding. In binary metal system, increasing zinc as high as 15 times to lead
concentration has no significant effects to the lead adsorption. On the contrary, present of lead
only 0.5 times of zinc can prevent the zinc adsorption.

KEYWORDS: Activated Sludge, Lead, Leachate, Zinc

1 INTRODUCTION

The rapid development of human activities has led to large amount of wastes both in solids
and water. Even landfill is the main alternative disposal for domestic solid waste, improper
management can results in hazardous contaminated leachate and several landfills (Johansen
and Carlson 1976, Lema et al 1988) have been reported that discharged leachate contained
unusual high concentration of heavy metals. Heavy metals contaminated up to some level can
inhibit the microorganism’s activity on degradation of organic carbon in leachate either in
landfill or leachate treatment process. However with the special surface properties of
microorganism, part of heavy metal can be adsorbed on them before reach to the leachate
biological treatment process.

Microorganisms such as bacteria, fungi, yeast and algae can remove metals from aqueous
solutions and this biological phenomenon is called biosorption (Volesky and Holan, 1995).
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The passive bioaccumulation of heavy metals by non-viable cells in equilibrium can be
explained by widely applied isotherm either Langmuir or Freundlich. The physico-chemical
parameters of the solution such as pH, ionic strength, temperature, biomass concentration and
presence of organic and inorganic legands in solution can effect to bioremoval of single
species of metal ions. Moreover, leachate or other wastewaters contain not one but many
metallic ions and combined effects of more metals ions on microorganism can occur.
Biosorption for multiple metallic ions system depends on the number of metal ions competing
for binding sites, metal ion combination, level of metal ion concentration and order of metal
ion addition (Ting et al, 1991).

Although heavy metals adsorption on pure culture microorganisms especially microalgae has
been studies more than 30 years ago, on activated sludge, a complex consortium of
microorganisms, just has been recently investigated (Gourdon and Rus, 1990; Cecen and
Giirsoy, 2001; Aksu et al, 2002; Arikan et al, 2002). These studies confirm the use of
microorganisms as a competitive biosorbents for wastewater treatment. In this work, the role
of disposed activated sludge under landfill is determined whether can attenuate the heavy
metals from leachate through sorption process.

2. MATERIALS AND METHODS

2.1 Activated sludge and preparation as the biosorbent

The activated sludges used in the study were collected from aeration tank as the mixed liquor
suspended solids (MLSS) and filter press as the polymerized dewatering sludge (PAS) of the
municipal wastewater treatment plant in Bangkok Thailand. MLSS was settled and dried at
temperature of 40°C to yield 50 percent moisture (DAS). The characteristics of DAS and
PAS were shown in Table 1

Table 1 Characteristics of Originated and Polymerized Activated Sludge

Parameters Originated AS Polymerized AS
pH 6.7 6.1
Heavy metals : mg/I
- Zinc 0.24 0.20
- Chromium 0.03 0.04
- Lead 0.02 0.01
- Cadmium 0.001 0001
- Aluminium <0.001 7.00
Percent of Organic Matter (%OM) 30 25
Cation Exchange Capacity (CEC) | 80 62
milliequivalent/100 g.

2.2 Leachate

Leachate with pH of 8.04 was obtained from Nakorn Pathom municipal landfill and analyzed
for some metals, and COD. Common metals of 1113mg Na/l , 1123mgP/1), 108mg Mg/l and
64 mg Ca/l were in leachate .Heavy metals that are zinc (Zn), chromium(Cr), lead(Pb) and
cadmium(Cd) were also analyzed by Atomic Adsorption Spectophotometer and low
concentration of 0.54, 0.08, 0.03 and 0.01 mg/l were found respectively . Total and filtrate
COD in the applied leachate were 3672 and 2361 mg/1 respectively.
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2.3 Batch adsorption studies

Adsorption isotherms of zinc and lead by both 400C dried (DAS) and polymerized (PAS)
activated sludges were studied in batch experiments by varying concentration of metals. In
single system, zinc or lead each of 2, 5, 10, 20, 40, 80 and 100mg/l. were prepared using
deionized water and transferred to the 250 ml flasks. In binary system, the effect of
concentration of zinc on lead adsorption was studied. Three sets of flasks contained 1, 2, 5
and 10 mg/1 of lead were prepared. Zinc of 1, 2 and 15 times of lead concentration were added
in first second and third sets respectively. The pH of water was maintained at 6.5 over each
batch by NaOH and HNO3. Each type of activated sludge of 4g dry weight was added to each
flask containing 100 ml of sample. The samples were shaken by orbital shaker at 250 rpm and
room temperature (30+1°C). The filtrated sample from each flask after reach to equilibrium
was adjusted to pH 2 by 65% HNO3 and analyzed for either metal concentration by Atomic
Absorption Spectrophotometer. Equilibrium times for zinc and lead were determined by vary
adsorbent dosage from at maximum adsorption by collect samples within the time range of 0-
3 hrs. After that, replace deionized water with leachate of which pH adjusted to 6.5 and run
the experiment for single metal and PAS adsorbent with the same procedure.

3. RESULTS AND DISCUSSION

3.1 Equilibrium Time

Equilibrium time has been verified in order to use for other subsequence batch experiments.
Lead adsorption reaches to equilibrium earlier than zinc as shown in Fig.1. It was observed
that the adsorption process of lead and zinc reached equilibrium within 10 minutes for all
dosages of DAS except zinc at dosage of 2 g. Therefore the adsorption time of 30 minute was
applied throughout all subsequent experiments.
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Figure 1. Equilibrium profiles for the adsorption of lead (a) and zinc (b) in deionized water pH
6.5 by activated sludge without polymer with varying adsorbent dosage ¢ 2g¢g
DAS, m 4g DAS, A 6g DAS,+8¢g DAS in 100 ml solution

3.2 Single-Metal System

Freundlich model can describe well for adsorption data of heterogeneous surface adsorbent.
Several researches proposed Freundlich isotherm for interpret the biosorption data (Jianlong
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et al 2001; Mohamed, 2001;Tien, 2002) same as this study. In view of the values of linear
regression coefficient in the Table 2, the Freundlich model exhibited a reasonable fit to the
adsorption data of lead and zinc in both deionized water and leachate either to use DAS or
PAS adsorbents.

Freundlich equation has general form as in equation (1).

The values of 1/n between 0 and 1 of lead and zinc in Table 2 implied that both metals are
favorable adsorbates for activated sludge adsorbents. Therefore mass of activated sludge was
effectively used at low equilibrium concentration of lead and zinc.

Table 2 Freundlich isotherm constants for activated sludge adsorption of single lead and zinc

metal adsorbent | Type of solution n Freun?{llc(l;rigj)gtglczlir/nmcgo)rllﬁtantR

Pb DAS DI water 0.52 3.33 0.95
PAS DI water 0.57 5.07 0.97
PAS leachate 0.57 2.55 0.95

Zn DAS DI water 0.30 0.49 0.98
PAS DI water 0.40 1.05 0.99
PAS leachate 0.43 0.37 0.92

In deionized water at pH 6.5 system, activated sludge, either conditioning with heat or
polymer, adsorbed lead better than zinc as shown by the greater values of lead KF (adsorption
capacity) in Table 2. Lead, in theoretical considering, has a nature to be the preferable
adsorbate than zinc such as higher atomic number, higher electronegativity. The results also
correspond to other studies of these two metals by other microorganism (Brady and Tobin,
1995; Brady, M. and Tobin, 1995). The higher values of KF when apply PAS than DAS
implied that polymer added in activated sludge contribute to the increase of adsorption
capacity for both metals. Leachate adding studied metal was applied to batch experiments
with PAS as adsorbent. The adsorption data can be well fit with monocomponent Freundlich
isotherm with linear regression coefficient of 0.95 and 0.92 for lead and zinc respectively
even leachate contained other high substance. The adsorption capacity reduced from 5.07
(mg/g)(1/mg) 1/n in deionized water to 2.55(mg/g)(1/mg) 1/n in leachate and 1.05
(mg/g)(1/mg) 1/n in deionized water to 0.37 (mg/g)(1/mg) 1/n in leachate for lead and zinc
respectively.

3.3 Binary Metal System

In the experiments of binary metal in deionized water, weight ratios of initial zinc to lead
were varied from 1, 2 and 15 while the amount of adsorbent in each sample was kept
constant.. The data of adsorption equilibrium capacities with initial lead concentrations in
binary-metal solution are shown in Fig 2 and Fig 3 for DAS and PAS adsorbents respectively.

The results show that the existing of zinc even concentration added up to 15 times has no
significant effect to the lead adsorption on both DAS and PAS adsorbents. The maximum
initial lead concentration of only 3 mg/l was applied in this experiments (using zinc 15 times)
in order to prevent the zinc precipitation. . However it should be noted that in initial Zn/Pb
ratio of 15 experiment, the equilibrium concentrations of 0.014 mg Pb/l and 0.032 mg Pb/I
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were significant greater than calculated values in the same condition of single lead system that
is 0.00064mgPb/I and 0.00062 mg Pb/l for DAS and PAS adsorbent respectively.
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Figure 3 Equilibrium adsorption capacity and initial lead
concentration in lead-zinc binary metal system and DAS
adsorbent at pH 6.5

Figure 4 Equilibrium adsorption capacity and initial
lead concentration in lead-zinc binary metal system
and PAS adsorbent at pH 6.5

In the view of zinc consideration, adding of lead only 0.5 time of zinc results in the clearly
reduction of adsorption capacity either DAS or PAS adsorbent as shown in Fig 4 and Fig
respectively. However this inhibition of lead on zinc adsorption was less when PAS adsorbent
was applied. The inhibition of lead to zinc as high as 63 percent but no inhibition to lead by

zinc also has been observed by other work ( Brady and Tobin 1995 )when biosorbent was
Rhizopus

Arrhizus.
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Figure 5 Equilibrium adsorption capacity and initial F.i gure 6 Equili‘prium adsorption .capacity and initial
zincconcentration in lead-zinc binary metal system and Ezl:lr:jc;Xtéczgzi)alrté(;ﬁtlgtl;aHdglsnc binary metal system
DAS adsorbent at pH 6.5 '

4. CONCLUTION

Activated Sludge can be used as biosorbent for removal lead and zinc from leachate but with
low capacity when compare to deionized water. Less adsorption capacity in leachate possible
can be explained by the interference of other existing high ionic compounds such as sodium
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and potassium in the level of more than one thousand in leachate. Freundlich isotherm can
exhibit the adsorption performance of activated sludge for single metal system. Lead can be
adsorbed by activated sludge in more capacity when compare to zinc. However the values of
I/n are between 0 and 1 implied that both lead and zinc were favorable for activated sludge
adsorption. Polymer added in activated sludge contributes to higher adsorption capacity. In
binary system, lead inhibited the adsorption of zinc on both original and polymer added
activated sludge. On the other hand, adsorption of lead on activated sludge remained constant
even initial ratio of zinc to lead up to 15.
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