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ABSTRACT

Contaminated sites are the legacy of along period of industrialization in-
volving unconsidered production and handling of hazardous substances
and unregulated dumping of wastes. Metal contamination need to be char-
acterized on varying temporal and spatial scales. Keeping this object in
mind, soil used for this study was collected from a Pb contaminated sitein
anindustrial areaof Narainaand Mayapuri intheNCT of Delhi. EPA Method
3051 iscommonly regarded asaregulatory alternativeto Method 3050. Itis
arapid and accurate dissolution technique for soil metal ions. This tech-
niqueistime saving and energy efficient. No acid fumes are generated. For
all these reasons the above technique can be considered a green technique.
Remedial measuresrequired to clean up metal contaminated sites are often
complex and economically unsustai nable. Immobilization of the metal ions
e.g., Pb, Zn and Cd by green amendments like rock phosphate and coal fly
ash is promising and economically feasible technique. In this connection a
bench scale investigation has been carried out to access the potential use
of these amendmentsfor immobilizing these metal ionsin severely contami-
nated sitesin Delhi. Parallel experiments have been carried out in columns
with unamended and amended soil samples. Results have indicated that
metal content in percolating waters are drastically diminished when amend-
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ments are admixed with soils.

INTRODUCTION

Green Chemistryisnot anew branch of chemistry
but isapulling together of tools, techniquesand tech-
nologiesthat can help chemistsin research and pro-
duction to develop more eco-friendly and eficient prod-
uctsand processes. Theterm, first defined by theUS
Environmental ProtectionAgency as ‘the utilization ofa
set of principlesthat reduces or eliminatesthe use or
generation of hazardous substancesin thedesign, manu-
facture and application of chemical products’, is now
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widely accepted. Keeping thisobject in mind the cur-
rent investigation has been undertaken.

Heavy metalsareoften problematic environmenta
pollutants, withwell-known toxic effectsonliving sys-
tems. Nevertheless, because of certain useful physica
and chemicd properties, someheavy metdss, including
mercury, lead, and cadmium areintentionally added to
certain consumer and industrial products such asbat-
teries, switches, circuit boards, and certain pigments.
Usage patternsof heavy metalsin productshavevaried
over theyears Theproblemsof soil pollutionwith heavy
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metal sand organic pollutants are subject of investiga:
tionindl countriesof Asaincluding India. Their cor-
rect solution requiresthe application of very precise
analytica methodsand reproducibility of thedifferent
pollutants determinationin soil and the definition of re-
lidblecriteriafor the estimation of the pollution degree
that are compatiblewith the concrete conditions. Un-
fortunately, reliable ana ytica techniquesand adequate
sampling of mediacontaining potentia rel easesfrom
wastedisposal sitesare only decadesold, and so mean-
ingful longterm dataonthefateof heavy metdsinwastes
do not exist. Therapid and accurate determination of
heavy meta sin environmenta matricessuch assoil has
led to thedevel opment and conti nuousimprovement of
variousanaytica methods concerning both sampledi-
gestion and the choice of most gppropriateinstrumen-
tal techniquesto obtain exhaustive chemica informa-
tionin shortest time possible. At present, therearevari-
ous officia methodswhich are applying different acid
mixturesand microwave heating systems. Inthisreport
we wish to compare these open flask hot plate and
microwave assi sted closed flasks methods when ap-
pliedto Delhi soils.

Thebioavailability of heavy metasin soil depends
on their concentration in the soil solution and onthe
release of theseionsfrom the solid soil phase®?. De-
pending on sewage-d udge characteristics and heavy
metal content, application of sewage sludgemay in-
crease or decrease the soluble heavy metal fractionin
soil and may affect their transfer into thefood chain?3.
Reducing the heavy metal ssolubility and biocavailbility
without removing them from contaminated soilsisone
measure that could weaken detrimenta heavy metal
impactson theenvironment™. Immobilization canbe
achieved by adding natura and synthetic additivessuch
asphosphateminerd's, Feand Mn oxides, duminosili-
cates, and codl fly ash??,

Withintheframeof acomprehensivelaboratory in-
vestigation aimed at identifyinglow cost metal immobi-
lizing agentssuch ascertain industria waste products
and certainindustria raw products, theauthorsexplored
thepossibility of using cod fly ash and rock phosphate
respectivey. Theeffectivenessof green amendment, cod
fly ashinimmobilizing metal s has been demonstrated
for heavily contaminated soilslifted fromindustria ar-
easof Delhi by undertaking initia batch studies. Labo-
ratory experimentshave been underway for over ayear
now in columns containing soilsmixed with CFA and
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the as received soil as controls. The Pb, Zn and Cd
contents of the e uates are determined periodically as
well aspH and conductivity. Theresultsso far demon-
strate that heavy metal content in the leachatesdrasti-
cally reduced upon addition of CFAI,

Further the remediation of themetal contaminated
s0il using another green amendment such asrock phos-
phate has a so been undertaken. Phosphaterock isthe
raw materia used for phosphatefertilizer production.
Hettiarachchi et al.[*% stated that phosphate rock was
relaively insoluble compared to other sources of phos-
phate and should reduce Plossesinrunoff. Maet d .18
demonstrated that the use of phosphate rock was a
cost effectiveway to remediate Pb- contaminated soils.
Bastaet a.™! reported that phosphate rock immobili-
zation productswere more stable under acidification
than other treatments, and that phosphate rock treat-
ment would reduce bioavailability of Pbassociated with
the ingestion of contaminated soils by humans.
Hettiarachchi et al.[*” reported that phosphaterock was
equally or more effectivethan Triple Super Phosphate.
The preliminary studieshavereved ed addition of rock
phosphate resultsin formation of immobilization prod-
uct, lead pyromorphite from compounds of lead in
soluble contaminated form.

MATERIALSAND METHODS

Sitecharacterization

The soil used for thisstudy wascollected from a
Pb contaminated sitein anindustria areaof Naraina
and Mayapuri intheNCT of Delhi. Industrid activities,
whichincluded arecycling operation for lead batteries,
industrid activities, whichincuded paintsand recyding
operation for lead batteries, haveal contributed to the
contamination of thissite.

Thetotal Pb concentrationsinthesoil ranged from
1875106625 mg kg*. Lead concentration decreased
with soil depth, with the mgority of the Pb present near
thesoil surface (0-20 cm).

Soil analysis
Experimental procedures

Soil sampleswerecollected fromthetop 20 cm at
theindustrial sitesat Mayapuri. They were collected
from alocation where high concentrations of Pb are
present. They wereair-dried, Sieved through a2-mm
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dtainlesssted seveand stored at room temperature. The
s0il samplewasthoroughly mixed toensureuniformity.

M etal concentration

They werethen digested using the microwavedi-
gestion procedure (USEPA Method 3051) for total Pb
concentration using Scientific microwaveAnton Paar
Multiwave 3000. The clean soil samplewas collected
from Himalayan region. Concentrations of Pb, inthe
extractswereanayzed withAAS (acetyleneair flame)
(Perking ElImer A Analyst -100) with addition caibra-
tion.

Electrochemical properties

Electric conductivity (EC) and pH were measured
inwater suspensionsandin 0.01 M CaCl,,. (ElicoCM
180 and Elico LI 127)

ThePb contentsand pH in the clean and contami-
nated soils were 165 and 6625 mg kg, and 7.5 and

8.11, respectively.
Clay content

The clay content was determined by sedimentation
analysisusing ahydrometer after dispersonin sodium
polyphosphate.

TheToxicity Characteristics Leaching Procedure
(TCLP) wasusedto evauatetheefficiency of Pamend-
ments on lead toxicity!2424l,

Analytical proceduresfor remediation
Bench test for phosphateamendment

Inour preiminary |aboratory experimentsthese soil
sampleswere subjected to Pb immohilization optimi-
zation by testing P sources and application ratesusing
bench experiments.

In this investigation, column tests were used to
eva uatetheeffectivenessof sdected trestmentsfor fur-
ther detailed evaluation. A total of 25 gair-dry soil was
mixedwith Ca(H,PO,), H20 salt at an gpplicationrate
equivaent to 22.5 ton per acrefor the contaminated
soil. After uniform mixing, mixturewas placed in 60-
mL syringes containing 0.5 g coarse washed-sand to
prevent soil loss during leaching. Mixed solution of
0.005 M H,PO, and 0.001 M CaCl, was added to
bring soil to near field capacity. Each column was cov-
ered with polyurethanefilm to avoid moisturel oss but
alow adequateair exchange. It wasincubated at room
temperature. After oneweek of incubation, 25 mL of
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deionized water was |eached through columns under
gravity and sampleswerereturned for continued incu-
bation and were extracted after 4 week.
Leachatewasfiltered through 0.45 pm membrane
filters. Thesupernatant was analyzed for dissolved or-
ganic carbon (DOC), phosphate, and metals as de-
scribed above. The TCLP test was used to evaluate
the effectiveness of applied treatment by taking soil
samplefrom oneof the column replicates.

Batch test leaching for CFA amendment

10 g air dried soil was mixed with the amendment
(for CA1, 1gCFA andfor CA2, 2.5g CFA) according
tothefactorial design and left at room temperaturefor
two weeksto equilibrate at humidity level correspond-
ing to 50% of the soil water holding capacity. Such
sampleswerepreparedintriplicatealong with samples
without amendment. Thesesampleswerethenfilledinto
250 mL PE bottle and mixed with 110 mL and water
acidifiedtopH 4usingHNO, at aliquid to solid ratio
(L/S) 10L kg*. Sampleswereshakenfor 24 husingan
orbital shaker. pH and conductanceweremeasuredin
unfiltered samples. Thetreated and untreated samples
wereleached with 400-500 ml (560-750 mm annual
rainfall) of artificial rain water under asaturated flow
regime, collecting successiveleach fractions of 25 ml
using a fraction collector. Leachates were filtered
through 0.45 um membranefilters. Thesupernatant was
analyzed for metal sasdescribed above.

RESULT AND DISCUSSION

Green analytical technique

To adequately protect or restore soil ecosystems
thereisagreat need to characterize soil s suspected or
presumed to be contaminated with heavy metas. Meta
contamination need to be characterized on varyingtem-
poral and spatial scales. Keeping thisobject in mind,
soil used for this study was collected from a Pb con-
taminated site in an industrial area of Naraina and
Mayapuri intheNCT of Delhi. To properly assessmetd
hedlth hazard in soils, severd samplepreparation meth-
ods have been evaluated in the past to cal cul ate soil
screening leve sfor thesoil-plant-humean pathways. Acid
digestion and thermal decomposition stepscanresultin
analytelosses, incomplete recoveries, and/or sample
contamination. EPA digestion method 3051a(micro-
wave, HNO,-HCl, tota-recoverable) widedly spplicable
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TABLE 1: Selected physicochemical propertiesof the contaminated and control soil samples*

. Conductance . Pb+° Zn+° Cd;©
Refer ence soil Ha OM® Sand Silt Cla T T T
P (uS) Y (mgkg?) (mgkg?) (mgkg?)
) 4925 16650 356
Contaminated sample MAYA 811 0.39 263 775 5 175 1530 5535 152
165 704 15
Controlled sample HIM 7.55 0.23 351 775 75 15 63 352 35

*Data represent an average of twelve replicates with a standard deviation, 3pH was determined with a 1:1 ratio of soil/water,
®Organic matter, Total concentration, Concentrations given in red colored font have been determined using hot plate method

for adapting the prescri ption-based method to createa
performance-based method and permit newer techno-
logica implementations such asmicrowaveheating®.
Thetechniqueprovidesrapid, safe, and efficient diges-
tionandisnot susceptibletolossesof volatile metal Y.
It has thus been adopted by the EPA (EPA Methods
3051 and 30514) to extract metalsfrom dudge, soil or
sediment!?4, EPA Method 3051 iscommonly regarded
asaregulaory aternativeto Method 30501624, Itisa
rapid and accurate di ssol ution techniquefor soil metal
ions. Thistechniqueistime saving and energy efficient.
No acid fumesare generated. For al| thesereasonsthe
abovetechnique can be considered agreen technique.
Selected chemical propertiesof the collected sur-
facesoil (0-20cm) arelistedinTABLE 1. Thesoil is
very sandy, withapH of 8.11, whichiswithintherange
typical of Delhi soils. Lead wasthe main contaminant
with aconcentration of 4925 mg kg, which exceeds
thecritical level for industrial soils (1,400 mgkg?).
Generally, Pb, was concentrated on the surface soil (O-
20 cm) and their concentrations decreased with soil
depth. However, asubstantial amount of Pb (>2,000
mg kg*) wasfound at depthsbelow 30 cm. Inthelong
run, itispossiblethat the metalsmay leach downward
to the subsurface soil®+578, For comparison thelead
concentration using conventiona hot plate method has
alsobeengivenintheTABLE 1. Resultsindicate that
the conventiona hot plate methods do not giveacom-
pleteestimation of metal ionsin oil.

Green amendmentsfor soil remediation

For the soil stabilization to be successful, amend-
mentsthat can adsorb, complex, (co)preci pitate con-
taminants, or acombination thereof, should be selected.
Soil treatment applicationinsitu also requiresthat cho-
sen anendments have no reverse effectson soil prop-
ertiesandbiota. Soil aneiorationwithmateridssmilar
to natura soil congtituents(e.g. oxides, organic matter)
can reduce metal mobility, whilecontributingtothere-
covery of soil quaity. Soluble contaminantsare sub-

ject tomigration with soil water, uptake by plantsor
aguatic organisms, or lossdueto volatilizationinto the
atmosphere. In recent years, attention hasfocused on
the development of insitu (in place) immobilization
methodsthat are generally less expensiveand disrup-
tiveto the natural landscape, hydrology, and ecosys-
temsthan are conventional excavation, trestment, and
disposa methods. In situimmobilization of metalsus-
inginexpendveamendmentssuch asminerds(eg., rock
phosphate) or waste by-products (e.g., coa fly ash)
arepromising aternativesto current remediation meth-
ods. Thistechniquerdiesonafundamentd understand-
ing of thenatural geochemica processesgoverningthe
Speciation, migration, and bicavail ability of metdsinthe
environment. In polluted soils, metal's can bedissolved
insolution, held oninorganic soil particles, complexed
with organic soil components, or precipitated as pure
or mixed solids. Metalsin soil may be associated with
various phasesthat arereactive, semi-reactiveor non-
reective. Therisk to theenvironment from contaminated
s0il cannot be assessed by simply considering thetotal
amount of potentialy toxic metalswithin the soil be-
causethese metal sare not necessarily completely mo-
bileor biocavailable. Themaingod of ingturemediaion
techniquesisto reducethefraction of toxic elements
that ispotentialy mobileor bioavailable. Environmentd
mobility isthecapacity for toxic e ementsto movefrom
contaminated material sto any compartment of the soil
or groundwater. Bioavail ability refersto thefraction of
acontaminant that can betakeninto any biological en-
tity, beit plant, earthworm, or human. Depending on
thechemica forminwhichacontaminant occurs, it may
rangefrombeingtotaly biocavalabletolesshioavailable.
All additivesinthiscase caused areductioninthe heavy
metal ionslability, ranging from 95% to 100% com-
pared to the control.

Remediation using phosphaterocks

Phosphaterockshavebeen dsotested toremediate
soilspolluted with zinc, cadmium or copper (TABLE
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TABLE 2: Pb, Zn and Cd concentr ationsin bench leachates
after phosphateamendment after 2weeks

L eachate concentration (ug L™)

freatment o oLy  Zn(ugld Cdualh
RPO 15.9 1955.5 55.8
RP1 13.4 1678.6 46.7
RP2 12.8 1687.1 49.9

TABLE 3: Pb, Zn and Cd concentrationsin bench leachates
after CFA amendment after 2 weeks

L eachate concentration

Treatment

Pb(ugL™) 2Zn(mgL™) Cd(mgL™
CA1l ND 24975 405
CA2 ND 2382.6 35.1

2). Thesetreatments, although generdly effectivefor
zincaswell ascadmium, do not attainthelevel of im-
mobilization shownfor lead. Phosphate rock hasthe
highest affinity for Pb (99%), followed by Cd (97%)
and Zn (90%). In general, thesetreatments|essen the
risk of polluted soils limiting metal leaching and
bioavailability. Inaddition to Pb, phosphate rock can
also remove Zn and Cd from aqueous solutions. Lead
ispresentinvariousoxidation satesin soil. Thesolubil-
ity of the Pb compounds (lead acetate > PbSO, >
PbCO, > PbS~ pyromorphite) followed trends based
onknown solubility data. Geochemicaly stableandless
bioavailable pyromorphiteisexpected to get formed.
Phosphate hasbeen shown to effectively immobilize Po
from contaminated soil (2101774151819 |t jswel | docu-
mented that | eed phosphates arethemost insolubleand
stableformsof Pbinsoils, and they canformrapidly in
the presence of adequate Pb and P,

The possible mechanismsfor metal retention by
phosphate minerd sincluded: (1) ion exchange processes
at thesurface of PR?>%1; (2) surface complexation'®;
(3) precipitation of some amorphousto poorly crystal-
line, mixed metal phosphates®; and (4) substitution of
Cain PR by other metals during recrystallization
(coprecipitation) 24512, However, itisdifficult to quan-
tify therelative contribution from each mechanism that
isresponsiblefor metal removal and it appearsthat all
four mechanismsmay work together. Assuch, estimat-
ing theextent of each mechanism contributing to meta
retention by PR has not been reported. In addition,
contaminated soilscommonly encountered multi-met-
asincluding Pb, Cu, Zn, Cr, Cd and Ni*®, Competi-
tiveretention of these metalsonto phosphatemineras
hasnot beenwd| studied, andindividua meta immobi-
lization mechanismsarestill not fully understood.
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Remediation usng CFA

Theresults of the bench scale studies have been
tabulated in TABLE 3. Severa studieshave demon-
strated coal fly ash (CFA) to efficiently reducetrace
element mobility in soil®9. Codl fly ashiscapabl e of
immobilizing Pb, Cd, Cuand Zn effectively from aque-
ous solutions. Among thethreemetd sstudied, themet-
alssorbed by the ash decreased inthe order: Pb> Cd
> Zn. Significant reductionsintheleaching of Cd by
89% and Pb by 100% were observed inthe soil treated
with CFA aone. 85% reduction wasobserved for Zn.
Although an exact mechanism of e ement retention by
CFAisunclear, themainreasonsarebelievedto be(l)
anincreasein pH causing the preci pitation of insoluble
phasesand (1) anincreasein aspecific surface area,
promoting metal sorption viasurface complexation,
cation exchange reactions or both. Thissuggeststhat
immobilizationisfundamentally related to the neutral -
ization of the soilsand to adecreased aggressivity of
theleach solution by strongly dkainefly ash. Theinitia
attack of theleach solution solutionisableto solublize
themeta sthat oncein solution preci pitatein theform of
hydroxidesinastheliquid phasebecomesakaine. Meta
sorption by theash was probably dueto ion exchange
between metd ionsinthe aqueoussolutionsand Ca?* on
thesurfacesof calciteand gypsumintheash, whichre-
aultedintheformation of cdcite-gypsum-likemineras.

CONCLUSION

To properly assessmeta hedlth hazardin soils, out
of the several sampl e preparation methods evaluated
to calculate soil screening levelsfor the soil-plant-hu-
man pathways, EPA method 3051b iscommonly re-
garded asaregulatory dternativeto Method 3050. It
isagreen anaytical procedureasvery lessamounts of
reactantsarerequired. It islesstimeconsuming, energy
saving and no acid fumesare generated.

Thestabilization of soilscontaminated with Pb, Zn
and Cd (soil MAYA) as assessed by the bench experi-
ment significantly reduced theleaching of al analyzed
elements. Thetrestment efficiency decreasedinthefol-
lowingorder: Pb>Cd > Zninsoil. Evenif stabilization
doesnot dter thecontamination level of soil, it reduces
therisk contaminantsposeto human health andtheen-
vironment by modifying thee ement mobility and avail-
ability, and thus allowing a step towards anon-toxic
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environment. By reducing contaminant mobility (migra-
tion potential) therisk class of asiteisalso reduced.
Our results strongly demonstrate that rock phosphate
waseffectivein reducing Pb solubility and bicavail ability
through dissol ution of phosphate rocksand precipita-
tion of pyromorphite. The effectiveand rapid Pb?* im-
mobilization from sol ution and contaminated soilsby
phosphaterock, thelimited effectsfrom other minerds,
anions, and cations, the apparent environmentd stabil-
ity of thereaction products, along with theready avail-
ability andlow cost of hydroxyapatiteor phosphaterock
suggest that this approach might have great merit for
cost-effectivein Stuimmobilization of P contaminated
water, soils, and wastes. The stabilization method ap-
plied a& moderately contaminated sitesoffersaconsid-
erably lower cost alternative to conventional
remedi ation techniqueswhileddivering environmentaly
acceptable results and should therefore be more ap-
pedlingtothepublic.
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