June 2009

Trade Science Ine.

Volume 4 |ssue 5

Snviconmental Science

A Tndéian Yournal

= Pyl Pepers

ESAIJ, 4(5), 2009 [226-231]

Green approach of chemical immobilization of lead in metal -
contaminated soils of NCT of Delhi using rock phosphate

Mamta Chhabra Sharma*, Reena Saxena, Sandeep K.Sharma, Suneeti Singh
Department of Chemistry, Kirori Mal College, Univer sity of Delhi, Delhi-110007, (INDIA)
2Department of Chemistry, Rajdhani College, Univer sity of Delhi, New Delhi-110015, (INDIA)
3DST Project Kirori Mal College, Univer sity of Delhi, Delhi-110007, (INDIA)

E-mail : mamta610@gmail.com
Received: 14" May, 2009 ; Accepted: 19" May, 2009

ABSTRACT

In Chemical immobilization, an in situ remediation method, inexpensive chemical e.g., rock phosphate is used to
reduce contaminant solubility in contaminated soil. We investigated the effectiveness of rock phosphate (RP), to
reduce extractability and gastrointestinal (Gl) bioavailability in two Cd- and Pb- contaminated soils from industrial
sitesin NCT of Delhi. The effect of soil treatment on metal extractability was evaluated by TCLP and on human Gl
availability of Pb from soil ingestion by the Physiologically Based Extraction Test (PBET). Rock phosphate Gl-
available Pb in both gastric and intestinal solutions was, 23 and 92%, respectively. Rock phosphate decreases risk
from exposure to Pb via the soil ingestion pathway. Leachability of metalsin treated soil was measured by using a
combination of batch and bench tests to evaluate the immobilization capability of applied treatments. For efficient
immobilization, pH reduction with H,PO, became necessary to dissolve carbonate-bound metal's and make them

readily available for the geochemically stable metal phosphate formation.

INTRODUCTION

The soil isakey component of natural ecosystems
becauseenvironmenta sustainability dependslargely on
asustainable soil ecosystem!¥. When soil ispolluted,
the ecosystem isaltered. Throughout the last decade
manufacturingindudtry, fertilizer gpplication, sawagedis-
chargesand dudge disposal have resulted in the depo-
stionand accumulation of tracemetalsinsoilsin NCT
of Delhi. Overtime, thePbloading ratein soil exceeds
itsnatural removd rate by morethan 20- foldi*4. A soil
isgenerally considered contaminated with lead (Pb)
whenitstota lead (Pb) concentration exceeds400 mg
kg, and remediation is required at this level®,
Metd contaminantseither accumulatein or leachfrom
soils, polluting surface and subsurface water bodies.
Optionsavailablefor remediating meta-contaminated
soilsare numerous, but most often the contami nated
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s0il iscappedingtu orisexcavated and removed. These
engineering techniques are expensive and too expen-
sveor logigicdly impracticablein many instances, they
ared soinvasiveand can prevent therestoration of en-
vironmental equilibrium. An alternativeisto apply
amendmentsto the soil. Thesein situ treatmentstake
advantage of the soil’s natural mechanisms for control-
ling themobility and bioavail ability of metalsand re-
ducing to someextent thetoxicity of metalsto humans
and theenvironment. Metal bioavailability isrelatedto
solubility rather thantotal concentration, which must be
taken into account when devel oping remedi ation strat-
egies™. For example, amgjor limitationforinsitu Pb
immobilization in contaminated soilsisthelimited solu-
bility of Pb minerdspresent intheexisting soil environ-
ment. Lead carbonate (cerrusite) hasbeenidentified as
amagjor Pb mineral in many contaminated soils, par-
ticularly from battery recycling sited®, Effective Pb
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immobilization using phosphorusamendmentsrequires
enhanced solubility of theexisting Pbmineralsby in-
ducing acidic conditions to promote pyromorphite
[Pb,(PO,),(OH,F.Cl),] formation, withthe Pbinthe
pyromorphitebelng much lessbioavail ablethan Pb as-
sociated with cerrucite. Theseresulting acidic condi-
tionswill also enhancethemohility of other heavy met-
ds, increasingtherisk of their leaching to ground water.
Phosphatic clay possesses ahigh potential to adsorb
thesemetd's. Phosphatic clay could aso havethe sec-
ondary benefitsof improving fertility, structure, and soil
moisture-hol ding capacity when added to sandy soil g2,

Thisapproach, though not changing the concen-
trationsintotal, isan effective, moreredistic, and cost
effectivechoicefor industria sitesand surrounding ru-
ral land, dumping grounds, or highly contaminated
s0il94%. The use of rock phosphate to help soilsand
sedimentsto retain metal s has been investigated more
extendvely.

Theobjective of determining the effectiveness of
different application methodson Pbimmohilizationina
soil using a mixture of PR and PA as P source was
accomplished by (i) determining Pb leaching charac-
teristicsand (i) itsbioavailability using PBET. Phos-
phate has been shown to effectively immobilize Pbin
contaminated soilg§24151617.1823.263844] | ts effectiveness
isbased on P-induced conversion of reactive Pbinto
less|abilelead phosphate. In the presence of adequate
P, lead-phosphatesare at | east 44 orders of magnitude
lesssolublethan gdena(PhS), anglesite (PoSO,), cerus-
ste(PbCQ,), andlitharge (PbO), which arecommon Pb
minerasin contaminated soil§24%9, Natural lead-phos-
phate minera s have beenidentified in contaminated
S0i|§15161817:37.39 | [ight of their intrinsicaly low solu-
bilities, effortshavebeen madeto form lead phosphates
inlead-contaminated soilsthrough P addition. Highly
soluble forms of P (e.g. NaHPO, or KH,PO,) can
significantly reduce Po bicavail ability®*4 viaformation
of lead-phosphate>1518, Maet a1 showed that less
soluble hydroxyapatite[Ca, (PO,), (OH),] effectively
immobilizes aqueous Pb viaformation of hydroxypy
romorphite. Phosphaterock [PR, primarily Ca, (PO,)
F,] isalso shown to effectively immobilize Pb from
agueous solution and lead contaminated soils. Themain
mechanism of Pbimmobilization isviadissolution of
PR and subsequent preci pitation of pyromorphite-like
mineras[Pb, (PO,) X,, X = Cl, Br, OH] 5274,
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MATERIALSAND METHODS

Sitecharacterization

The soil used for this study wascollected from a
Pb contaminated sitein an industrial areaof Naraina
and Mayapuri intheNCT of Delhi. Industrid activities,
whichincluded arecycling operation for lead batteries,
indugtria activities, whichincluded paintsand recycling
operation for lead batteries, haveall 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
the soil 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
stainless steel sieveand stored at room temperature.
Thesoil samplewasthoroughly mixedto ensureunifor-
mity.

Metal 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 Himal ayan region. Concentrations of Pb, inthe
extractswereandyzed withAAS (acetyleneair flame)
(Perking ElImer A Analyst -100) with addition calibra-
tion.

Electrochemical properties

Electric conductivity (EC) and pH were measured
inwater suspensionsandin 0.01M CaCl.. (ElicoCM
180 and Elico L1 127)

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

8.11, respectively.
Clay content

Theclay content was determined by sedimentation
analysisusing ahydrometer after dispersoninsodium

polyphosphate.
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TheToxicity Characteristics Leaching Procedure
(TCLP) wasusedto evauatetheefficiency of Pamend-
ments on lead toxicity! 044,

Analytical procedures

Inour preiminary |aboratory experimentsthese soil
sampleswere subjected to Pbimmohilization optimi-
zation by testing P sources and application ratesusing
both batch and bench experiments

Batch test

Four gramsof air-dry soil were placed into 40mL
polycarbonate centrifugetubes. Phosphateamendment
solution was prepared by dissolving Ca(H,PO,) ,H,O
into 0.05 M H,PO, and 0.002 M CaCl,, solution so
that 20 mL solution may be equivalent to 22.5 tons of
phosphate per acre. Phosphateamendment solution was
added to acentrifugetube. In addition to soluble phos-
phate sources, 5% phosphatic rock was aso used.
Sampleswere equilibrated on areciprocating shaker
for 24 h at 25°C. Supernatants pH reading wastaken
after suspensionswerealowed to settle. Sampleswere
centrifuged a 10,000 rpm for 20 minutesusing Centri-
fuge Machine model no K1-199 and filtered through
0.45 um membranefilters. A fraction of thefiltered su-
pernatant was analyzed for dissolved organic carbon
(DOC) and soluble orthophosphate was determined
using the molybdate ascorbic acid method* (results
not included). Theremaining supernatant wasacidified
and analyzed for metalsby using flame atomic absorp-
tion spectrometer (Perkin Elmer A Analyst -100).
After batch equilibration, theresi due waseva uated by
using a toxicity characteristic leaching procedure
(TCLP).

Bench test

In this investigation, column tests were used to
eva uatetheeffectivenessof sdected trestmentsfor fur-
ther detailed evaluation. A total of 25 gair-dry soil was
mixed with Ca(H,PO,), H20 sdlt & 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 columnwas cov-
ered with polyurethanefilm to avoid moistureloss but
alow adequateair exchange. It wasincubated at room
§mperature After oneweek of incubation, 25 mL of

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.

RESULTSAND DISCUSSION

Applicationrate of Pamendmentswill depend on
thecontamination level saswell assoil physicochemica
propertiesand soil mineraogy. It also dependsonthe
percentage of metals present intheir |abileformsbe-
cause proposed in situ remedi ation technol ogy mini-
mizesthemohility of target contaminants by transfer-
ring them to non-labile phasesviachemicaly induced
transformations. Reactive sinksthat competefor soil
additivessuch asPamendmentsand cod fly ash, how-
ever, can reduce the effectiveness of metal precipita
tion. Based on our batch and bench experimenta data,
combined application of Ca(H,PO,), H,0, CaCl, and
H,PO, was sufficient toimmobilizetarget contaminant
(Pb) tobelow itsregulatory level. Applied treatment is
not only effectivefor Pb, but it a soimmobilized other
metal s such as cadmium, copper and zincto asignifi-
cant extent (datanot shown).

Selected chemical propertiesof the collected sur-
facesoil (0-20cm) arelistedin TABLE 1.

Thesoil isvery sandy, withapH of 8.11, whichis
withintherangetypical of Delhi soils. Lead wasthe
mai n contaminant with aconcentration of 6625mgkg?,

TABLE 1: Selected physicochemical properties of the
contaminated and contr ol soil samples*
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Contaminated sample
MAYA
Controlled sample
HIM
*Data represent an average of twelve replicates with a standard

deviation. ?pH was determined with a 1:1 ratio of soil/water.
bOrganic matter. ‘Total concentration

8.11 0.39 2.6377.5 5 17.5 6625

755 0.23 35177575 15 165
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TABLE 2: pH of soil after treatment

Sail RPO RP1 RP2

MAY A(0-10cm) 5.51 553 5.87
MAY A (10-20cm) 5.56 5.65 5.90
MAY A (20-30cm) 5.52 5.63 5.85
HIM (top soil) 5.1 5.21 5.45

RPO- Only phosphoric acid (PA), RP1-phosphoric acid (PA) +
Ca(H,PO,), RP2 - phosphoric acid + rock phosphate (RP)

TABLE 3: Lead concentration (mgL ) in TCL Psolution of
soil after treatment

Soil Controi RPO  RP1 RP2
MAY A(0-10 cm) 145.7 55.8 9.8 89
MAY A(10-20 cm) 122.6 12.6 4.2 43
HIM 85.1 10.3 3.5 3.8

Control — without remediation
TABLE 4: Lead concentrations(mgL ™) inthePBET for soil
after treatment

Soil layer Unamended soil RP1 RP2
MAY A(0-10 cm) 45.8 26.5 253
MAY A(10-20 cm) 49.2 27.6 24.5
HIM 28.5 16.2 154

which exceedsthecriticd leve forindustria soils(1,400
mg kg?). Generally, Pb, was concentrated on the sur-
face soil (0-20 cm) and their concentrations decreased
with soil depth. However, asubstantial amount of Pb
(>2,000 mg kgt) wasfound at depthsbelow 30cm. In
thelong run, it ispossiblethat the metals may leach
downward to the subsurface soi[!151618510.11],

Soil pH after remediation

Asexpected, soil pH wasreducedinall P-treated
soils dueto the addition of H,PO,. Among all treat-
ments, RPO promoted the greatest decreasein soil pH,
while RP2 promoted theleast decrease. Therange of
pH values at the surface, varied from 6.25in RP2 to
about 5.21inRP1and 5.1in RPOfor theHimalayan
s0il andfor the Delhi industrid stesoil thevalueswere
5.87,5.53 and 5.51 respectively. Asexpected, appli-
cation of Ca(H,PO,) , or phosphate rock combined
with H,PO, maintained soil pH slightly higher than
H_PO, alone. (cf. TABLE 2)

Although application of H,PO, caused adecrease
insoil pH, it was necessary to reduce soil pH to near 5-
6 for efficient metal immobilizationinthisdemonsirate
site. Lead inthissitewas mainly associated with car-
bonate. Therefore, it wasessential to add H,PO, tothe
s0il to dissolve carbonate-associated Pb for the subse-
quent precipitation of insol uble pyromorphitelikemin-
erd. Concerning the precipitation of the pyromorphite-

= Full Paper

likeminera, a agiven lead and phosphate concentra-
tion, morepyromorphite-likeminerd wasformed a pH
5thanat pH 6 or 714,

TCLPleadin soil profiles

Theconcentration of Pb from phosphorusamended
soilsdecreased sharply and remained bel ow their regu-
latory level sin drinking water. Applied Pamendments
wereeffectivenot only to limited surfacelayer, but re-
mained effective> 10 cm depth from surface. Without
Ptreatments, TCLP-extractable Pb concentrationsin
the surface soils (0-10 cm) far exceeded 5 mg! critical
level of hazardouswasté“!. Thisispossibly because
most of the Phisinthecarbonatefraction, whichwould
readily dissolveintheacidic TCLP solution?®. Similar
tothedistribution of total Pb, the highest concentration
of TCLP extractable Pb was observed at 10-20 cm.
Phosphate amendment was effectivein reducing the
TCLPPbtobelow thecritical level inthe sub surface
s0il samples. Theseresultsareof great Sgnificancewith
respect to the disposal of the soil, because they show
that Pamendmentscan amend the soil toamaterid that
would be considered non-hazardous.(cf TABLE 3)

L ead bicavailability

Incidental ingestion of Ph-contaminated soil hasbeen
reported asaprimary exposure pathway to humansfor
elevated blood Pb levels*4. A physiologically-based
extraction test has been used to estimate Pb
bioavailability (invivo), which smulates Pb dissolution
under gastrointestinal conditionsusing achemical ex-
traction. Lead bioavailability in contaminated soils
hasbeen shownto vary withitsminerdogica formg?.
Invivo andinvitro assayshaveindicated that the mam-
malian gastrointesting availability of Pbiscontrolled by
theformand rd ativesolubility of Pb solids®. ThePBET
has been used to assessthe Pb bioavailability inacon-
taminated soil after receiving various amounts and
sourcesof P21, Thebioavailability of soil Phisassoci-
atedwithitssolubility and dissolution ratein the gas-
trointestinal tract. Bioavailable Pbin the contaminated
soil based on PBET wasreduced after P application.
The control soil showed 45-49 mg kg of bioavailable
Pb while P-treated soil s showed reduction of PBET-
Pb by 25-42%, which was similar to the 25-35% re-
duction reported by Hettiarachchi et a .12 and 39% by
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TABLE 5: Pb concentration (mgL) in batch and bench
leachatesand in the TCL Psolution in M AYA soils

Batch Tests Bench tests
Treatments M€ 10 o pp 1 eachate PbTCLP Pb
P MLy (ugL?)  (mgL?
(ngL™)
RPO 518 138 15.9 144
RP1 492 122 13.4 114
RP2 483 126 12.8 123
~ le
a EI\.‘::'JL"
£ "7 B e
P | ORF2
5
§ | | A
8
Soil

Figurel: Lead concentration (mg/L) in TCL P solution of
soil after treatment
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Figure2: Lead concentrations(mg/L) in the PBET for
soil after treatment

L ead concentration (mg/L)

Yangetd .. (cf. TABLE 4)

Theresultsof thebench and batch scaestudy (sum-
marizedin TABLE 5), at thisparticular site, indicate
that Pamendmentswereefficient intransforming more
bioavailablePb (non-residual) into aless-bioavailable
form (residual). Although H,PO, isneeded to catalyze
thedissolution of meta-stable Pb, makingit available
for further immobilization reactions, itsuse should be
taken with caution. Phosphoric acid decreased soil pH,
especialy for low-buffering sandy soils, and conse-
quently may causeleaching of heavy metals. Thus, low
pH and other heavy metal sleaching may be potential

drawbacksof itsindiscriminate utilization. Ontheother
hand, amixture of H,PO, and calcium phosphate or
rock phosphate had excellent efficiencies, and both
treatmentshad lessimpact on soil pH. A strategy, which
could work better than theoneused in thisstudy, would
betoinvert the sequences of phosphate application,
I.e. to add cal cium phosphate and phosphaterock first
and then apply the phosphoric acid, thusproducing the
dissolution of cerussite and the more soluble Pamend-
ments at the same time. (cf. TABLE 5) Effective
remediation technol ogy entaillsminimizing bothleaching
andbioavailability.

Theresultsfrom both the batch and column experi-
ments demonstrated that application of soluble phos-
phorus equivaent to 2700 kg P per acre obtained from
H,PO, immobilized soil Pb concentrationto below its
regulatory levels. Additiona column experimentswill
berequiredto test the hypothesisthat metalsmobilized
from surfacesoil under resulting acidic conditionsare
sorbed back onto subsurface soils. Readsorption should
reducemetal concentration inleachatesto bel ow drink-
ingwater regulatory levels. Column experimentswill be
conducted to evauatetheverticd effectivenessof these
applied treatments.
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