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HEAVY METAL BEHAV IOR ASSOCIATED WITH COVER SOILS OF TWO /
SANITARY LANDFILLS lN SÃO PAULO METROPOLlTAN REGION

ABSTRACT

Urben solid wasre (l'esiden tial, counuerciel, 111 unicipal, indu stxiet) disposed in brezilisns ssnitary landtills,

coniein in s111a11 qnsntities, potentielly toxic and hezerdous componenrs, whicl: includ the group oiheevy

metal s. The aim ofthis researcli was to study tlie beliavior oitliese ions when associated wi tli soil, wasres

and leachates oftwo snnitery landfills in Metropolite n Region ofSão Paulo, São Paulo State . Hee vy metals

enrichmen t was dete cted in the cover soil ofboth landfills, sbowing low concentrntions ofinterstitial ions

and higl: levels ofadsorbed m etallicions. Columns experimente containing s.Qi1 and nrtiiiciul weste (bananas)
/

leyers xeproduced efficiently pli enomena the t occur in ree l senitery celyDiffel'ent stabili zation ph eses

(aerabic, eerobic/eneerobic, enaerobic) were nionitored by systemetic collection ofleacha tes, wereas ionic

believior releted to soils, was accompanied by solu tion injections witb known concentretions ofPb, Cu, Cr

snd Ni. Soils ans wers topercolations were distinct, showing in Landfill I soil higher adsorp tions due to its

tex ture , which dominated ininemlogy and cationic eschenge capacity ofLandfill II soi1. During the initial

decoinposition pheses, ihe protluction oiorgenic acids (comnlexes) in Ieeche te, tlie reise ofionic force sntl

pH drop, ievored ionic a veilnbility . Tlie decreese oihee vy m etal ions in lee clie te during later pheses was a

conse quence ofpH elevation and cheniicel transformations, which cultninnted in the tn ethenoenic phnse.

Ionic fixation in soils, especially Pb and Cu, occurred due to unsolveble compounds Iorme tion (csrbonn tes,

oxi-hydroxides) wereas Ni retention wes essentially rele ted to edsorption ph enom enon . Chromiuin suffered

inlluence ofpH and Eh, and pre cipi te ted as chroniium (III) during m etli enic ph ese. Th e effi cien cy of

senitery pbenomene reproduction in columns is an e vi den ce iliet: soil used to cover

campacted solid waste at landfills rnusz be selected.

1. INTRODUCTION

Urban solid waste (residential, comm ercial, municipal, industrial) disposed in br az ilian sanitary landfills

conta ins, even in small quantities, hazardous components, within which may be incl ud ed the group ofthe

heavy metais . After refu se is dispo sed , no contrai exis ts of its distribution in side the landfill. Thus,

environmenta l basal protection depends on the efficiency of th e landfill construction anel oper ation, whi ch

includes waterproofing, daily an el final compacted soil cover,leachate and gas collection system s etc .

The aim of this research wa s to monitorate th e geochemical behavior of the heavy metal ions lead (Pb),

cupp er (Cu), chro mium (Cr) aml nick el (Ni), in relation with sai1, wastes and leacha tes of two sa nitary

landfills in the Metropolitan Region of São Paulo, São Paulo State, Brazil. Landfill 1 (São Paulo District)

receives dOll1 estic aml industrial wast es and sewa ge sludge . ln Landfill II (Mauá District) dOll1estic refus e

predominates.

ln studied landfills , the sanitary cells are composed by a compac ted garbage layer (5 ll1 high), wh ich are

daily covere d by a compacted soil layer (10 - 50 cm).The soil cover usually comes from areas nearby landfill

but ar e also provided by extracte d mat erial obtained during the landfill construction.
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The soil from Landfill I is character ised by a clay-loa m te xture , low cationic exc ha nge ca pacity-CEC

<l3,7 mmolc.dm') and kaolinite dominant mineralo gy, having al so muscovite, illi te a nd oxi-hidroxides ,

The soil from Landfill II is more sa n dy, shows a s imila r mineralogy as t ha t presen t in La n dfill I ,

cliffering because ofthe presence of vermiculite , which is responsible for a hi gh er CEC (38 mmolc.dm:

:1). The pH values mesured in both soils varied from 4 to 5, and di splayed po sitive ?pH (pH , " - pH
Lll L I2

J() obtained for most samples demonstra ting ca tion ads orption capacity.

Column tests th at simulated sa nitary cells of each landfill wer e used to study the mechanisms of'Iiberation,

tra nsport and fixation of metals within landfills. Some cons tr uct ion aspects of both landfills were considered

for an adequate reproduction of site condi tio ns. Th e sa me background soils pr esent in the landfills wer e

used in the experi me nts,

2. EXPERIMENTS

Laboratory simulations of a soil/waste/water/heavy-rnetal system all owed to control waste decom position

phases anel associated leachate cha racteristics,

Three experi ments were carried out using PVC columns containing soil - artificia l waste - soil layers, Th e

width of these layers was based on refuse versus soil proportion oflanelfills, which corresponds to aproximattely

8:1. Th e proportion was reduced to 4:1 in ord er to accelerate decomposition pr ocessoMi nced ban anas wer e

used as artifi cial waste: this fr uit was chosen du e to it s easier decomposition and for being see dless .

Experiment 1- Lea ch ate gene ration and composit ions wer e monitor ed through two 6" diam eter and 50

cm high columns, corresponding A to a ba ckground column a nd B to a column conta mi nated by heav y

metals , Percolated liquids were collected using perforated l " tubes that simulate wells . Representative soil

« 2 mm size fraction) of Landfilll was used in this expe rime nt o

Experiment 2 - Two consecutive cells were simula te d insid e one colum n (C). Leachate of up per cell anel

lower cell were collected sepa rate ly. Soil ofLandfill I was used.

Experiment 3 -As in experime nt 1, a background colum n (D) and a colum n impacted wit h heavy metals

(E) wer e also used . TI1Us, columns diam et er were sma ller (3"), improving more decomposition acceleration.

Soil layers wer e composed of Landfill II soil.

ColumnsAand D were leached with distilled water, whereas the oth er columns were leached with a solution

containing 1 mg dm" ofPb , Cu, Cr and Ni. The ionic solutio ns were in tro duced once a week in the columns

(200 mL in columns A, B and C; 100 mL in D and E), and leachate sa mples were collected after 12 hours in

order to measu re pH, oxidation-reduction poten tial (Eh), electrical conductivity (EC), and establish Na"and

K+concentration. ln the seq ue nce, sa mples were treated with HtO/HNO;j and were ana lyse d by atomic

absorption spectrometry CAA700BC/CG) in able to determinate met als conten to
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3. RESUl TS AND DISCUSSION

Experi me nts 1 and 2 were monitora ted for 12 mon th s, and the thi rd experiment for 9 months. Leachate

produced in all columns presented similar beh avior when cons idering ana lyt ical param eters , as showed in

the representative diagrams ofFigure 1.
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Four different phases, aerobic, aero bic/anaerobic (transit ionaD, anaerobic and methanic, could be associated

to the elecomp osition processes (Fig ure 1), which were respectively compared with other studies and

experiments (Pohla nd a nel Ha rp er, 1985; Bozkurt et al., 2000; Kjeldsen et al. , 2002; amo ng others) .

l n the ae robic a nd th e tra nsitiona l phases, pH dr op was due to organic acid for mation elue to the

continuous CO development, whic h was respons ible for material solubi lization, h igh concentrations of
2

Na and K in leach a t e a n d, consequently, EC elevation . Dur ing subsequent phases, electr olyte

conce ntration elecreased gradua lly a nel pH inc reaseel progressively as a conseque nce of che rnical

t ra nsfo rruations that took place in the refuse .
3

Eh oscillated during most par t ofthe tim e anel became more reduced at the end, wh en the methan ic phase

was achieve d. This meth anogeni c phase occurred only in Exp eri ment 3 clue to the column clia meter. As

expectecl, in column C (Experiment 2) the mass trans fere nce from the upp er cell to the lower cell was

responsible for reaction intensification in the lower cell, caus ing a delay of the aerobic/ana erobic ph ase.
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Figure 1. Leachate characteristics development along degradation phases in columns .
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During th e experimental time a continuous heavy metal adsorption was verified. Th e ionic ava ilability was

conditione d by pH of environment.

ln the initial ph ases, ma teri al solubilization du e to the decrease of pH and the ra ise ofthe ionic force favored

the displ acemen t of adsorbe d metals anel its ionic avai la bi!ity as free ions (Figure 1). Thus, th e decrease of

heavy met al ions in leachate elurin g la ter ph as es was a conseque nce of pH elevatio n and che mica l

tra ns formations. Conditions wi th pH hi gher tha n 5 favore ci adsorp tio n of Pb and Cu in soi ls anel th eir

precipitation as un solvabl e carbona tes anel oxi-hielroxides , having CO derived from th e anaerobic phase. Ni
2

conce ntration didn't varied as a conseque nce of pH anelEh va riation an el continue d in solution as water-

complexes.

Chromium suffered influence of'pH anelspecia lIy ofEh, pr ecipita ting as chromium (III) during the meth an ic

phase, du e to the reeluction conditions that pr evailed associateel to alka line pH va lues .

Afte r final izing the experiments, all the mater ials of th e impacted columns wer e separate cl anel submit te el

to ni tric extraction andAA S eleterm ination for available met ais .Ana lyses inclica ted th at heavy metals were

more aelsorbeel in the upp er soil laye r within columns B and C. Meta ls were less fixeclin organic matter elue

to th e formation of soluble complex ions that favored ionic mobility. Th e inter mittent aeldit ion of electrolytes

in the system anel the presence of organic mat ter workerl against the total occupation of aelsorption sites.

Th e beh avior in column E was differen t because of th e sa ndy texture of La nelfilI II soil, which propiti ated

mor e velocity ofleaching flow. Consequen tly, resiclen ce time anel adsorption of ions in the soil was sma lIer.

ln th is column the accumulation ofheavy metals in the organ ic matter layer was du e to higher pH va lues

tha t favored pr ecipita tion of them as oxi'hidroxides.

4. CONCLUSION

Heavy metal beh avior in a soil/waste/leachate system depends of the chemical a nel physical-chemical

conditions imp osed by the was te degra elation phases in the ini tial (metal availability) anel fina l stages

(decrease ofheavy metal ions).

The equilibr ium pH value of exper ime n ts was arround 8,0, being si mila r to that measured in landfill

leachates, whi ch demonstrated that durin g the staba biliz ation phases heavy metaIs are mainly retaineel

anel fixeeldu e to adsorption 01' precipi tation,

Ionic reten tion was more efficient in the soi! from LanelfilI 1 du e to its texture. This is an evielence that soil

usecl to cover compacted solid waste at sanitary lanelfills mu st be selec ted.
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