33

Assessment the phytoextraction efficacy of phosphate minerals
and their granulometry on metal immobilization in
contaminated urban soil

Mohamed E. Soltan”, Eman M. Fawzy and Mohamed.N. Rashed

Chemistry Department, Faculty of Science, Aswan, South Valley University, Egypt.

Abstract The efficiencies of different grain sizes (< 63, 63-93, 93-106 and 106-125 ym ) of mined rock phosphate (RP),
in addition to the vital role of different phosphate sources ( < 63 ym rock phosphate, processed and biogenic ) as an
effective remedial technology (based on solubility, percentage of metal/metalloid impurities and availability of impurity
metal/meralloids) were assessed in contaminated urban soil. The results detnonstrate that the application of RP substrate
with smaller grain size (< 63) was significantly more effective than larger grain size for Cu, Co, Cd and Pb immobilization.
Depending on phosphate solubility, the reduction of metals availability were highest in biogenic and processed
phosphates than mined rock phosphate, while the lower dissolution of rock phosphate may be advantageous for long term
maintenance,
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environmentally fricndly remediation rechnologies has

generally become one of the key research activities in
environmental science and technology. 1n selecting the
soil remediation wmethods for a
particular polluted site, it is of paramount importance to
consider the characteristics of the the
contaminants to consider the characteristics of the soil
and the contaminants, {Ledtan er al., 2007).
Srabilization  involves  fixing  up
contaminants in stable sites by mixing or injecting

most  appropriatc

soil and

the

inorganic or organic soil amending agents (e.g., liming
agents, organic materials, aluminosilicates, phosphates,
iron and manganese oxides, coal fly ashes, etc.). Due to
the effeces of a change in pH, such agents are effective at
decreasing the bicavailability of metals by inrroducing
additional hinding sires for toxic metals. Stabilized
metals then becone less available for plants, and rheir
Lioconcentration through the food chain is reduced
(Guao et al., 2006). However, the toxic metals remain in
the soil and can he harmtul when soil dust is ingested or
Many ot the
stabilization are by-praducts of industrial activities, and
and  available in large

inhaled. anencdments used in soil

arc  therefore  inexpensive
amounts. Overviews on previously successfully applied
amending agents and rheir effecriveness for ditferent
metals have been given by Knox et al. (2001) and
Puschenrciter et al. (2005).  In the last tew years,
signifivant research has focused on this topic. Several
soil additives have been rested: cight substrates (calcium
carbonare, bentonite, kaclinire, charcoal, manganese
oxide, iron oxide, zeolite, phosphate) to reduce metal
availabi'ity and to study the change of metals speciation
in different forms { Fawzy, 2008 }, zeolites (Rebedea and
Lepp, 1994; Chlopecka and Adriano, 19966; Boisson, et
al,, 1999 ), beringite ( Vangronsveld er al, 1991,
199541, 1996; Mench et al,, 1994a ), and sreel shors (
Mench er al.,, 1994]; Sappin-Didier et al., 1997 ). Ma et
al. { 1993 ); Laperche et al. ( 1996 ) showed thar rhe
application ot syniheric  hydroxyapatite  ( HA,
CalMPOHa(OHI2 ) led to immobilization of dissolved
Plr in contaminared soils. In aqueous solutions HA led
to ar inmobilization of Al, Cd, Cu, Fe (II), Ni and Zn
as well (Suzuki et al,, 1981; Takeuchi and Arai, 1990,
Middelburg and Comans, 1991; Ma et al., 1994Dh; Xu et
al.,, 1994). 1[A scems thercfore a promising soil additive
for immobilizing metals in polluted sotls.

Many
understand  the mechanism  of this  imumobilization
(Suzuaki er al,, T981; 1993, 1994a, 1994Dh; Xu ot al,

1994; Laperche et al., 1996). However, a chemical and

studies have  been  conducted  to

physical cvaluation of the efficiency of HA applicarion
as a remediarion 1echnique is not sufficient. Biological

evalustion nethods  are necessary to  assurc that

imnobilization results in lower soil to plant transfer and

phyraioxiciy. More- over, these methods e give
mcdicarions  abour possible  adverse  effects (1oxicity,
deficiency of orher elemenrs) of HA  application.

Chlopecka and Adriane {(1996a,b) showed that the
addirion of apatire { 0.4% Ly weight ) 10 a Zn, Cd and
Ph pollured soil led o an increasing yield and lowered

the Zn, Cd and Ph contenr in rhree week- old-maize
plants { Zea Mays ), in manre maize tisstes (roots,
young leaves, old leaves, srems, grains) and in barley
{ Hordeum wvulgare ). The addiricn of HA ( 0.6%,
1.16%, 1.74%, and 2.32% Dby weight ) to Pb polluted
soils led 1o a strong decrease of the b concentrations in
shoots of sudax ( Sorghum bicolor L. Moench } while
the Pb concenrrations in the roots decreased only ar low
application rates of HA.

Rock phosphates (RP) are natural inexpensive
sources of phosphorus bur their solubilizanion rarely
soila. However,

OCCUrS in non-acidic

inicrobiallymediated processes involving chelation and
exchunge reactions are able ro solubilize inorganic P

forms (RodraAguez er al., 1009)

The matin objectives of this study were:

(1) To cvaluate the effectiveness of grain size fractions of
rock phosphare in decreasing heavy merals (Ph, Cd, Co
and Cu) mobility,

(2) Quantifying of Puriry of Different Phosphate
Sources,

{3) Comparing of suitability of Jdifferent Phosphate
sources for contaminated  soil by
determine the total merals concentration in different
phosphate the rtendency of these
impurities to leach, and the apparent amendments for
stabilizing contaminants,

reinediation of

3ources, trace

Experimental
Quality Assurance

During sampling and laborarory analysis of
heavy metal contaminared soils, care should be devored
to prevent sample contamination and o ensure the
reliability and quality of analytical resolts. First of all,
the use of metallic tools should be avoided whenever
possible. Seil samples should be collecred using 1ools
made of stainless stee! and stored in nonmetallic
conrainers, such as glass bottes or polyethylene bags
For all analysis the standard sawples were run during
and end of the measuremients to ensure continued
ACCUTACY .

For analytical precision the samples were run
in rriplicates. The blank were run all the rime. All
chemicals used were of analyrical grade. Concentrated
acids were provided by BDH Chemicals Ltd. (Poole,
UK), while zalts were provided by Sigma (Missouri,
LISA). All glassware's were cleaned in 10% HNO3 (w/)
prior each experiment.

Samples Collection

Surtace soils {0-30 cm in depth) were collecred
from an utban area (ca 20 samples), in Aswan. ciry, in
southeastern Egypt. The soils are enriched with heawy
merals, including Ph, Od, Co and Cu; due to the
population densities arc high.

We also studied three ypes of phosphate:
mined, processed, and biogenic. Mined phosphate
referred to as rock phosphate (31%), Processed rock
phosphate fertilizers were in granular form (125um) and
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e brologienl phosphate (Tilapin nilotica), Lake Nasser,

Feypt (e, ground dizh bones, 125um).

Analysis of Soil Chemical Properties
The soit samples were airdried and 1hen
eround re pass through o 2-amn sieve prior 10 use. Soil

B using a4 pHaneter (Orion
Research, Model SAS20, 1L5.AL). Elecrrical conducriviry
was measured in rhe sample suspension obrained in rthe
‘H derernunation usine conducriviry meter (HANNA

pll (soil: water; 1:

I

Instruments, HI 8033 [y, Calcium carbonate and
oreanic nmtrer coprents were determined by back-
titrating an excess of (OOM UL added to 1 g of the
simple (Nelson, {980), and wer oxidation (Nelson and
Somners, 1982), respectively. Particle size analysis was
carried owt using the Particle size distrilnttion (percent
sand, sl and cdav) was deterinined by the micropipeite
neethad. The phyvsicochernical properties of the studied
~ibare lisred in Table (1).

Phiosphate Analysis
Mined rock phosphate (RP} was sieved through
~ 03, 9063, 1064, 125-106 pm, rtespectively. Each
phosphate source (rock  phosphare, processed, and
Bineenic) was anshozed {or pH (in L1 inineral/water
cuuilibrasion solurion), solubility, total meral content
and voxiciry characicristic leaching rechnique (TCLP).

Experimental design
Sequential extraction procedure:

Mobility  of wetal in contaminated  (TO),
created soil witlh miined RP of grain size 125-106pn
CEEY 10690 (17), 9003 i (13) and ~ 63w (14),
processed (15) and biosenic (T6) was evaluated using
“equential extraction scheme. This scheme is used 1o
operationally  detine heavy meral  into different
cocheinwcal phiases, tsually in order of  increasing

siabifity, A fBvesiop seauential  chemical  exiraction
procedure was proposed for harmonizarion and
validarion the methiods vsed to speciation studics in
seils and sedimenes It was designed based oo MgCl2,
ST Grepl), hivdrosen peroxide  oxidation  and

auunonitn acciste exiraction (step), soditm acetate,

SEES (step3), O175M anmmonivim oxalate and 0.1M
acetic ackd  Grepdy  and cone. Acids mixture,
PEOLAHINOS/HE (312, oA/, These extracrions have
Leen assoviated with the exchangeable, organicbound,
scidic, amorphous Le/Al oxides-bound and the residual
form, respeciively. Tris acknowledeed that the reactivity
wnd potential Lioovailability of heavy merals gencrally
rycrenses with incteasing solubiliry. Thus, the first form
i usually considered the most wchile forns of menls in
odls and  the other three fractions  are  relatively
pstnobile and more stabde, but may sometimes become
ranbile and hicavnkibie wirh changes of soil condirions.

All the sieps and the operationally fractions of
wictal are displaved e the Table (2). The sequential
walraction was carricd ou, i wriplicates, on 1 g of soil,
i 835 il polyethylene rubes. After each extraction srep,
ihe auspensions weie contifuged ar 8000 rpm ton 15

min. The supemarmiz were carefully remnoved and
stored in polyethwlene bottles at 4 7 The residues were
washed wirh ulirapure water before the sdditon of the

NeXr OXIrachn g agent.

Chemical Analysis of Phosphate Sources
The  measured  wmeral  solubility  of  cach
phosphate source was rested m 25 il polvorhvlene
tubes with 1 ¢ of well mixed phosphate sample and 10
mi. of dis. water. The samples were placed o a shaker
tor 12 days, centrifveed and decimted. Consequently
meral concenrrations m the decanted sonons will be
referred 1o as the apparent solubilioy ¢ rhese elenents.
The =umples were placed on o shaker tor 12 davs,
centrifuged, and decanted. Total merdd concenrarnons
were detersined using complete acids attack (digestion
ol (L6 g of phosphate material with concenrrared acds,
10wl of HNO3, 4 ml. of 112504 and 2 ml of HCD.
The same elements were also extracied from rthe
phosphate materials with the standardized TCLP; (U5
EPA, 1992). The TCLP leaching solurion consisied of
0.1 M glacial acetic acid and 0.0643 M NaOH and had a
final pH of 4.93. Forty milliliters of eaching solution
were added to 2 g of phosphate marterial; the mixture
was agirated on a shaker for 18 h ar 25 80 and then
centrifuged. All tests were duplicared.

Elemental Analysis and Instrurnental Technique
Metal concenerarions in all extracting =olutions
of contaminated and amended soif sanpics were
determined by atomic absorption spectrophotonicter
{Model Solaar 969, ATl Unicam Cowmp.) equipped with
a digital and direct concenrration read our and air -
acerylene bumer was uvzed. The saandard addition
calibratton  method  and  extracton blanks  were

employed e aveld interferences in the measurenents.

Results and Discussion

The effect of grain size of rock phosphate as amendment
Sequential extraction pl_‘ocedure:

The pereent distribution of measured metals in
contaminated (T0) and amendments soil (F1-16) with
RE were displayed in Fig (1) Meal fevels indicare
relatively high meral conramination of rhe study area
because it subject to vrban and wastewater cifecr. The
application of the sequental exrraction technique can
help ro inveatigate the meral distribution in the various
soll compartnents. To illustrate the resulis 1y mwore
detail, we compared the extraction forns s a function
to determine the etficiency of difterent egramn size for
remediation of the contaminared soil.

The Jeached metals concentrarions in different
forms arc in the order: residual > amorphous be/Al
oxideshound > oreanic bound > acidic ™ exchangeable
{Fiel). The residual merals conrent is signiticancy hieh
as compared with the available nietals in cxclungeable
phase or that bond to Fe/Mn oxides tracrion. Toral
metal conrent is still used as an bmportant index iy the
long  run, which, rtogether with  the  chaneine
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environmental condition (both soil and planr factors),
determines the bioavailability of heavy metals (Halyan
and Stuanes, 2003)., Elevared concentrations of heavy
metals in soils are of potential longterm environmental
and health concerns because of their associated toxicity
to biological organisms (Wong and Li, 2003).

In general, the analytical results of the
sequential chemical extractdon indicate that all
mesasured metals were primarily associated with residual
and amorphous Fe/Al oxides fraction and secondary
with the organic fraction, and the Pb, Cd, Co and Cu in
the exchangeable fraction represented small percentage
of the total metal content (Fig.1). Although results
suggest that high percentages of measuted metals were
relatively significant associated with the non-residual
fractlons {Table2), that the contaminated metals in these
fractlons might be moderately soluble and potentially
bloawailable (with changes of different soil
chatactetistics that influence the heavy metals solubility
eg. pH, organlc matter, CEC, catbonate and clay
minetalogy), tepresenting a potential ehvironmental
concern.

Eawzy, et al (2006) studied the relation of the
mobility and distribution of metals between Tatmarix
patts and their crystal salts - soil systern and applied
sequential extractions on the different soil samples to
obtain a Dbetter understanding of the geochemistry of
heavy and trace metals in soil. They concluded that, the
hydrous Fe and Mn oxides may hold significant
proportions of some heavy metal ions. These oxides are
known to exist as separate phases, and there is evidence

from electron microprobe analvsis of sutface soils thar
Al L [ N

Cl, (42, CO3I2-, PO43, organic acids, and fulvic acid.
Immobilizazion  or transformation  of soil  merals
especially Pb ro low soluble species that reduces metals
dissolution and leachability in soil system may be a
remedial strategy for metal contaminated soil, which
safeguards human and  ecosystem from  the
contamination (Yang and Mosby, 2006). The real
effectiveness of In situ remediation of metal-
contaminated soils can be assessed using a fractionation
scheme {Chen et al, 2006). Among the four treatment
Rock phosphate RP, T4 (< 63um) was the most effective
in transferring metals from the non-residual fractions to
the residual fraction, while T1 (125-106 pm) was the
least  effective, indicating that the potential
bioavailability of Pb, Cd, Co and Cu in RP treatments
decreases with increasing rock grain size.

Comparing of Suitability of Different Phosphate
Sources for Remediation of Contaminated Soils

As Above processed (T5), phosphate fertilizers-
treated soil and biogenic (T6) showed markedly reduces
contaminant metals concenttations compared to the
control (Table 3), & similar trend were observed in these
substrates. All determined metals decreased in the
following order: mobile < acidic otganic bound <
Amorphous Fe/Al oxides-bound < residual (Fig 2).The
difference in  extraction efficiency of metals
concentrations between the six substrates (T1.T6) reflect
that, Diogenic phosphate is the most effective
amendment for contaminated soil (Fig. 3 ). This ability
of biogenic phosphates to readsorption of metals from
the contaminated soil may be result from the capacity of

v oot : TR TP Y1) PO e
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Available metal concentrations  reflected
relatively high lead and copper levels {Table4). Elevared
lead in soil has been identified as a threar to human
health and ecosystem (Cotter-Howells and Thorton,
1991; US Environmental Protection Agency, 1998). The
ecological threat is associated with Pb mobility in soil
system (Yang and Mosby, 2006), which is conrrolled by
the chemical or mineralogical associations of soil Pb and
their solubility (Ruby et al., 1992; Davis et al., 1993).
Immobilization of soil Pb can be achieved by formation
of pyromotphite through phosphate amendments.
Based on the results, a pronounced mobilization of Pb,
Cd, Co and Cu was observed high in mind phosphate
compared with other phosphate sources {Table4). This
characteristic points the release of mobile constituents
into aqueous phase during solubility test. The solubility
of phosphate matetials is important because dissolution
may be, depending on the contaminant, a necessary step
in the immobilization of contaminants (Knox et al,

2006},
Total concentration of impurities in phosphate sources

As in the solubility test, the results (Table4)
showed markedly higher Cd, Co, Pb and Cu
concentrations in mined and processed phosphate
sources than those in uncontaminated soils. The finding
concentration of measured metals in the mined,
processed and biogenic phosphate sources was higher
than measured concentrations in the soluble form.
These elevated concentrations of metals in some
phosphate  muaterials  were  expected  because  of

The TCLP was designed to determine the
mobility of both organic and inorganic analytes present
in liquid, solid, and multiphasic wastes. This test reflects
the availability of contaminants under extreme
environmental conditions, such as low pH, that could
cause the release of contaminants that would otherwise
be stable. Displaying the data in Table (4), it was found
that tnetal concentrations in the TCLP extracts were
much lower than concentrations in the total digestion
extracts and similar to or slightly higher than
concentrations in the water soluble extract. The TCLP is
a regulatory test used widely to classify solid waste
tnaterials as hazardous or nonhazardous (U.S., EPA,
1992) based on their potential to leach certain toxic
elements. Measured tnetals in mined and processed
showed relatively higher concentrations than
corresponding values in biogenic phosphate (Table 4).
However, even in this case measured metals content in
different phosphate sources still under EPA regulatory
levels (U.S. EPA, 1992).

Knox et al., (2006) studied the suitability of
Phosphate sources for remediation of contaminated
soils. They concluded that rapid phosphate release
would be advantageous when a rapid immobilization of
contaminants is necessary. Conversely, a slow-release
phosphate source may be preferred for longterm
treatment. Combining phosphate soutces with high and
slow dissolution rates may provide a rapid
immobilization of contaminants while providing a slow
release of phosphate for continued longterm treatment
and maintenance.
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Table (1) Some Chemical Soil Properties

Table (2) Procedure of the fivestep Sequential Extraction of Metals from the Urban Soil and
Corresponding Phases.

*the residual from step 4 was digested in 15 ml HCI/HNO3/HF (3:1:2, v/v/v) at 150 =C

Table (3) Measured Metals Percentage in the Non-Residual (EX+OB+AC+0X) and Residual
Fractions (RES).
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Table (4) Display of Total, Water Soluble and TCLP Mean Concentrations (pgg-1) of Impurities in
Different Sources of Phosphate Materials.
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Fig (1) Percentage of Pb, Cd, Co and Cu in Contaminated and Treated Soil.
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