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ABSTRACT KEYWORDS
The environmental and health effects of the contamination of soils by Competitive adsorption;
heavy metals depend on the ability of the soils to immobilize these Sail;
contaminants. This study was conducted to assess the monometallic and Heavy metals;

competitive sorption of lead, copper, zinc and cadmiumin surface samples Distribution coefficient.
of four soils from eastern Algeria. Sorption isotherms were characterized
using Freundlich and Langmuir equations. Retention sel ectivity sequences
indicatethat, in most of the soils, Pbisthe preferred retained metal, followed
by Cu. Thelast metalsin these sequences are Cd and Zn. All soils showed
greater sorption capacity. On the basis of distribution coefficient values
for the metal concentration of 100 mg. I* (Kd,,) for each soil and trace
element, the two most common adsorption sequences found were
Pb>>Cu>Cd>Zn and Pb>>Cu>Zn>Cd. Competition significantly reduced

metal Kd, especially that of Cd. © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Assessment of therisk derived from heavy meta
contaminationin soilsrequiresinformation about meta
interaction and subsequent mobility of metas, whichis
directly related to their partitioning between soil and
soil solution™, Soils might be contaminated by heavy
metal sfrom variousanthropogenic activities, including
agriculturd practices, transport, industrid activities, and
waste disposal or mining activity. Theseheavy metals

are believed to be easily accumul ated in the surface
s0il5%1, Someof the dements, such ascadmium (Cd),
lead (Pb), zinc (Zn), and copper (Cu) are potentially
toxic towards plants and animal s and can be accumu-
lated in thefood chain”#, Various soils show avery
different behavior in sorption of heavy metalg. Thisis
dueto thefact that the sorption capacity of each heavy
metal dependent on factors such assoil pH, iron and
a uminium oxide content, clay content, organic matter
and cation exchange capacity™.
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Heavy metdsinthesoil areto alarge extent sorbed
on soil particles. Adsorbed heavy metalscan be des-
orbed by soil water, and thusmovein dissolved form
into plants or moveto lower soil horizonsand ground-
water. Themobility of heavy metasin soil can bechar-
acterized by adistribution coefficient, defined asthe
ratio of metal concentrationinthesolid phasetothatin
liquid phase at equilibrium(2$11141622 Sorption pro-
cesses and theleaching potential of trace e ementsby
s0il depend onfactors such assoil pH, the natureof the
minera and organic condtituents, the natureof themetd,
theionic strength of the soil solution and thesimulta-
neous presence of competing meta 9%, The adsorp-
tion of trace e ements has been studied and reportedin
the literature for several different soil compo-
nentg391017.21.26:3132 |\ ost trace element sorption has
been derived from studies conducted using singlemeta
solutiong?%, Sorption of traceelementsisacompeti-
tive process between ionsin solution and those sorbed
ontothesoil surface. Inthisstuation, snglemetal solu-
tionshavelimited practical applicationg®4.

Batch testswere undertaken with mono and multi
metal solutionswith equimolar concentrationsof the
mentioned heavy metalsin order to study the sorption
equilibrium. TheLangmuir isothermmodd wasadjusted
to experimentd data, al owing thedetermination of the
soil maximum sorption capacity for eachmetal, with
and without competition.

The present paper aims at studying the effect of
competitive and monometd sorption of Pb, Cu, Cdand
Znonfour soilsof different physicochemical proper-
ties. Thespecificgoaswere: (1) to determinedistribu-
tion coefficientsKd of thesemeta sfor arange of soils
samplesand investigate any correl ation between distri-
bution coefficientsand soil characteristics; (2) toclas-
sify the metals and soils according to the Kd values
obtained; and (3) to obtain and compare monometal
and competitive solutionisotherm at 20°C.

MATERIALSAND METHODS

Soil samplesused in thestudy

Four soil samplesweretaken from the20 cm deep
surface horizon of Amizour, located in Bgjaia, east of
Algeria. The samplesweretransported to the labora-
tory in polyethylenebags, air dried and passed through
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a02 mm mesh seve. Thenthey werecleaned by deion-
ized water and dried at 50°C during 24h.

Soil analyses

Soil pH inwater was determined with apH meter
using 2:1 (v:w) (water:soil) suspensiong®. Percentages
of sand (2—0.05 mm), silt (0.05-0.002 mm) and clay
(<0.002 mm) were determined by the wet sieving
method and the pipette method. Exchangeablecations
wereextracted with 0.2M NH,Cl"*® and measured by
atomic absorption spectrophotometry (Ca, Mg, Naand
K). Tota carbon and organic carbon (Corg) contentsin
soilsweredetermined by elementd andysis®. Thein-
organic carbon content was cal cul ated asthe differ-
ence between thetotal carbon and organic carbon con-
tents and expressed as % CaCO,. The X-ray diffrac-
tion (XRD) andysisof thesamplewascarried out viaa
Powder X-ray Diffractometer (BRUKERAXYS) inthe
260 angleranging from 2° to 65° employing a 0.025°
step. The specific surface areawas measured by N,
gasadsorptionat -196°C (COULTER-SA3100). BET
equationwasused to cal culatethe specific surface area.
Thephyscd and chemicd characterigticsof thesamples
areshowninTABLE 1.

Sor ption stage
Sorption of Cu, Zn, Pb and Cd

Batch sorption studieswere conducted to deter-
minethe relationship between adsorbent and adsor-
bate by varying the concentration of themetds. Ineach
experiment, cadmium, copper, lead and zinc were
sorbed from a““sorption solution”. The initial concen-
trationsof Cd, Cu, Pb and Zn tested were 10, 20, 40,
50, 100 and 200 mg. I 1.

Experimental procedure: 1gof soil samplewassus-
pended in 100ml of sorption solution and shaked for
24 hat 20 °C in a rotary shaker. Then the suspension
was centrifuged at 6000 rmin for 5 min, and the su-
pernatant was filtered through slow filter paper
(Whatman No. 42). The supernatants metal concen-
trationswere determined by ICP (ICP JY 2000). The
quantity of the metal sorbed by the soil samplewas
cd culated by using mass baancere ationship:

(CO-Ce)xV
o Vi (1)

wheregeistheamount of adsorbed speciesat equilib-
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rium (umol. g1), COistheinitial concentration of the
speciesinsolution (umol. 11), Ceisthemeasured con-
centration (umol. 1Y) of meta in solutionwhentheequi-
libriumisreached. V isthesolution volume (L) and W
istheweight of air-dried soil (g).

ThepH wasnot controlled during the experiments,
itwasmonitored beforefiltration and andysis(after equi-
librium).

Adsor ption from mixtures

The experimenta procedurewasthe sameasthe
monocomponent adsorption (see above). 1 g of soil
wasmixed with 100 ml of asolution contai ning copper,
zinc, lead and cadmiumin 1:1 mgratio (total concen-
tration range 10-100 mg 1'%).

Adsorption isotherms

Theequilibrium datawere analyzed in accordance
with the Langmuir and Freundlich sorptionisotherms.
Theseisothermsall ow describing adsorption phenom-
enaof meta sfrom agueous sol ution onto soil sample.
TheLangmuir isothermisexpressed by:
Celge=1/(bgm)+Ce/gm 2
where ge and Ce are the adsorption capacity and con-
centration, respectively, at theequilibrium. gmisthe
maxi mum adsorption cgpacity at saturation (umol metal
g") andbistheaffinity coefficient (umol. I'") (Langmuir,
1918), ge can be expressed as:
ge=Kd.Ce 3
whereKd isthedistribution coefficient that character-
izes the affinity of the metal for the sorbent, the
Freundlichisotherm, which assumesthat different Stes
with several adsorption energiesareinvolved, isex-
pressed by:
ge=K,C " 4
whereK  (Ikg™) istheFreundlich distribution coefficient
related to thetotal adsorption capacity of thesolid, and
nisthe Freundlich sorption exponent.

Thegoodness-of-fit for dl equationswasestimated
by theregression coefficient. Statigticd andys swasper-
formed using the Excel program. In addition, for each
stage of each experiment, thedistribution of each metd
I between soil and solution following equilibrationwas
expressed intermsof the quotient:

Kd.i= C_i,soil
Ci,solu
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where Ci,soil isthe concentration of metal i on the ol
(mmol kg™) and Ci,soluisthe concentration of meta i
insolution (mmol 17%)334, Thedistribution coefficient at
100mgl* (Kd.,,) accordingto Covelo et al. 2007 was
also used to eval uate capacity of soilsto adsorb heavy
metals.

RESULTSAND DISCUSSION

Soil characteristics

TABLE 1 summarizesthemain soil samplecharac-
teristics. Thefour soilswerebasic (pH 7.5-8.3). pHis
one of the main factors controlling metal adsorption,
mobility and availability of metals. Theorganic carbon
(Corg) content ranging from 0.96 to 1.34%. The Soil 2
had ahighest cation exchange capacity (CEC). Sail 2,
Soil 3and Soil 4 haveaclay texture, but Soil 1 contains
ahigher proportion of silt. Ontheother hand, thesoils
haveasimilar surface areaexcept for Soil 1 which has
thelowest surface area.

TABLE 1: Main characteristicsof soil samples

Soil property soill soil2 s0il3  soil4
Clay (%) 246 602 519 547
Sand (%) 281 111 79 101
Silt (%) 47.3 287 402 352
pH 75 79 83 7.8
Corg 134 112 1.08 0.96
CEC cmoles kg™ 13.8 463 346 37.6
Surface Area (m? g™) 121 418 223 29.9
Goethite (%) 287 322 473 1832
Quartz (%) 34 265 174 124
Feldspars (%) 72 nd n.d nd
Kadlinite (%) 534 245 314 238
Mica (%) 77 55 122 121
Smectite clay content (%) 281 673 546 621

Adsor ption isothermsand Kd values

The adsorptionisothermsof snglemeta ionsonto
soil samplesarereported in Figure 1. Theseisotherms
can besubdivided inthree parts. At low-concentration,
themeta introduced isadsorbed proportionaly. At in-
termediate, thereisapseudo-plateau, which probably
correspondsto the saturation of the surface. However
inthe case of lead, we note that the amount adsorbed
increases regularly when the solution concentration
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Figure 1 : Monometal sorption isotherms at 20°C for
retention of Pb, Cu, Cd and Zn by four soils (soil1, soil2,
soil3 and soil4).

increases. Thisis probably due to a surface pre-
cipitation of lead.

TABLE 2 shows values of parameters deduced
from the gpplication of Langmuir and Freundlich equa-
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Figure 2 : Competitive sorption isotherms at 20°C for
retention of Pb, Cu, Cd and Zn by four soils (soil1, soil2,
soil3 and soil4).

tions. Themaximum adsorption capacity (qm), deduced
from the Langmuir equation, may beuseful in compar-
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ingthepotentia adsorption cgpacity for thestudied soils
Langmuir sorption parameters of the studied soils
showed differences among the studied heavy metals,
asreflected by their sorption maxima(gm) and bond-
ing energy coefficient (b) (TABLE 2). Among all stud-
ied metals, Cu showed the highest value of adsorption
maxima(gm) inal studied soilsMuch lower value of
adsorption maximawere obtained for Cd. Inaddition,
the bonding energy coefficients(b) for Cdand Znwere
lower than those for Cu, suggesting that Cd and Zn
could not form much stronger complexes than Cu.
Moreover, we note that the data of Pb follow C iso-
therm. Intheother hand, thevaluesfor the Freundlich
distribution (K,) coefficient were9.46 and 2.53litrekg
for Znand Pb sorption by Soil 2, respectively. Con-
cerning n parameter, which expresses site heterogene-
ity, it variedwithin awiderangeof values (0.27—4.83)
for thevariousmetal and soil. The amount of Pb and
Cu sorbed was greater than that of Znand Cd.

TABLE 2: | sotherm parameter sof four soilsdeduced from
monometal sorption in solution at 20°C.

I sotherms
Soil Langmuir Frendlich
Qm (umolg™ b(Luml’*) R* Kf(lkgl) n R?

Zn

Saill 50 0.0062 0.99 3.32 274 0.87
Sail2 125 0.0072 0.98 9.46 299 0.99
Sail3 111.11 0.0056 0.96 9.15 324 098
Sail4 166.66 0.0089 0.97 12.44 298 0.99
Cd

Saill 32.26 0.0148 0.99 4.08 333 092
Sail2 100 0.010 0.75 8.65 294 0.87
Sail3 66.66 0.0098 0.80 7.25 33 089
Sail4 100 0.012 0.94 7.65 277 0.98
Cu

Saill 90.9 0.02 0.99 19.45 483 0.75
Sail2 166.66 0.04 0.99 32.26 421 0.88
Sail3 166.66 0.038 0.99 28.27 406 0.89
Sail4 200 0.039 0.97 36.23 4.098 0.78
Pb

Saill 142.85 0.016 0.99 4.92 168 091
Sail2 a a a 2.53 0.67 0.77
Sail3 a a a 6.72 1.03 0.55
Sail4 a a a 0.074 0.27 0.76

a: Langmuir equation did not fit to the data.
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The adsorption data were fitted better by the
Langmuir equation than by the Freundlichequation. Dis-
tribution coefficients (Kd) represent theaffinity of the
metallic cationsin solution towardsthesolid phase. They
can be used to evaluate the sorption and retention of
themetallic cationsin soilg™. A distribution coefficient
can berelated to both plant uptake and environmental
pollution.

Thelow vauesof distribution coefficientsindicate

TABLE 3: Valuesof Kd for sorption in four soilsdeduced
from monometal sor ption in solution at 20°C.

Initial
Concentration Saill Sail2 Sail3 Sail4
(mg/)
Zn
08.5 282 6000 5237 10575
16.3 211 1200 1006 3019
26.9 115 668 391 1322
333 117 453 324 1302
44.6 125 365 291 438
90.9 43 138 86 208
185.8 19 66 55 100
Cd
09.1 647 5973 3041 5625
18 310 3500 2276 3000
27.2 210 2416 928 1068
36.5 162 1307 563 934
449 137 187 206 466
90 45 280 74 185
182.6 23 142 8l 121
Cu
08.86 4190 49111 44200 52058
17.6 11600 10294 18041 24718
27.65 2557 21153 23000 61400
36.45 2447 15739 15083 37142
45.67 407 6818 3112 37916
90.68 90 346 328 448
184.52 43 124 101 197
Pb
09.84 1934 2381 2333 2333
19.61 1615 4360 3533 2987
30.94 2108 6382 6565 5477
40.34 1666 6198 7870 7631
50.39 1516 7153 9524 9138
101.89 1221 15007 19403 13567
198.01 320 8376 5211 23963
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that most of themetal s present inthesystemremainin
the solution and are avail ablefor transport, chemical
processes, and plant uptake?”; whereas higher values
indicatelower mobility and higher retention of metalsin
the soil. Therefore, to be ableto comparethedifferent
metal cationsin each different soil, based ontherea-
soning of Covelo et al 2007, aKd at agiven concen-
trationisconsidered.

The most used valueisKd,,, which represents
theratio of metal sorbed to equilibrium concentration
at 100 mg |- metal intheadded solution™. TABLE 4
showsthevalueof Kd,, for al soils. The Kd values
(TABLE 3) obtained for each metal for the concen-
trationsand soilstested (inl kg 1) areasfollows. Cd
(23-5973), Cu (43-37916), Pb (320-23963) and
Zn (19-6000). Zinc showed the lowest Kd values
regardless of the soil sample, while Pb Kd were gen-
erdly the highest. The obtained Kd sequencefor both
metal s showed good agreement with heavy metal Kd
datain soilscompiled from theliterature®°32, The
lowest Kd valueswere obtained for the Soil 1, which
correspond to the sample with the highest sand frac-
tion and also thelowest CEC. Thiscan berelated to
thefact that distribution of trace elementsin polluted
soilsisknown to follow particle size distribution(*7,
The lowest sorption capacity isrelated to the sand
fraction, dueto thelower surfaceareaassociated with
larger particlesizefractiong?. On the contrary, the
highest Kd val ues corresponded to Soil 2, Soil3 and
Soil4 for all metals. Thisisdueto thehigh clay frac-
tion™, It meansthat Zn and Cd havethe highest mo-
bility associated to thelowest adsorption. In contrast
Cu and Pb present the opposite behaviour. The Kd
guantification was extremely dependent on theinitial
metal concentration. Thuswe note adecreases of the
Kd values, especidly for Cuand Zn, whentheinitial
metal concentration wasincreased®!. Thisdecrease
reflects the decreasing average binding energy of oc-
cupied sitesas concentration increases. Thesitesoc-
cupied at high concentration including both high- and
low-energy sites, whereas those occupied at low con-
centrationaredl of relatively high energy!™. Thehigher
Kd value that was obtained in the experiment with
lower meta concentrationsisassoci ated with the sorp-
tiongtesof high sdectivity, which haverdatively srong
bonding energies®=,
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TABLE 4: Valuesof Kd, (L kg™*) for thedifferent soilsand
selectivity sequences deduced from monometal sorptionin
solution at 20°C.

Pb Cu Cd Zn  Selectivity sequences

Soill 1222 90 45 43 Pb>Cu>Cd?Zn
Soil2 15007 346 280 138 Pb>>Cu>Cd>Zn
Soil3 19404 329 74 87 Pb>>Cu>Zn>Cd
Soil4 13567 448 186 209 Pb>>Cu>Zn>Cd

Pb Soil3> Soil4> Soil2> Soill

Cu Soil4> Soil2> Soil 3>>Soil 1

Cd Soil 2> Soil4>> Soil3> Soill

Zn Soil4> Soil2> Soil 3> Soil1

The most sorbent and retentive soil for the set of
heavy meta swas Soil4 followed by Soil 2 and Soil 3.
Theleast sorbent and retentive soil was Soil 1. This
indicatesthat the highest adsorption occursfor Soils
that haveahigh cation exchange capacity va ues (CEC).
The lowest adsorption was observed for soil 1 that
containslow amount of clay and alow cation exchange
capacity vaue.

According to the Kd, ,, values, the two adsorp-
tion sequences most found were Pb>>Cu>Zn>Cd and
Pb>>Cu>Cd>Zn. These sequencesfollow approxi-
mately the order of the el ectronegativity of the metal
cations, whichis, Pb (2.3) Cu(1.9),Cd(1.7) and Zn
(1.6). Theelectronegativity isanimportant factor in
determining which of thetrace metalswill chemisorb
with the highest preference®!. Theseresultsarein
agreement with that found by Ariaset al¥. The ad-
sorption of Pb and Cu, by acid soils, ishigher than
that of Cd, Ni and Zn. The higher affinity of thefour
soilsfor Pbisprobably dueto theexistence of agreater
number of active sites (mostly organic matter) with
high specificity. When Pbispresent these siteswould
not be occupied by other cations. Thisaffinity can be
attributed to: (i) itsgreater first hydrolysis constant,
and therefore, it’s more readily hydrolyzed, (ii) its
higher atomicweight, (iii) itshigher ionic radius, and
subsequently smaller hydrated radius, and (iv) itslarger
Misono softnessvalue, making it abetter candidate
than other metalsfor electrostatic and inner-sphere
surface complexation reactions. According to the se-
guences presented by Schwertmann and Taylor 1989,
Znisawaysadsorbed to alarger extent than Cd on
thesynthetic samples, whichwasthecasefor our study.
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TABLE5: I sotherm parameter sof four soilsdeduced from
competitive sor ption in solution at 20°C.

| sotherms
Soil Langmuir Frendlich
Qm (umol g™ bLuml’) R Ki(kg?h n R?

Zn

Saill 0.43 -0.0037 0.84 343.73 -1.37 0.50
Sail2 3571 0.008 0.96 07.55 526 084
Soil3 25 0.0011 096 07.34 6.33 0.62
Soil4 2272 0.0178 099 0871 8.00 0.84
Cd

Soill 531 0.015 0.81 9.12 -7.75 0.20
Soil2 14.29 0.029 0.98  06.02 826 0.79
Soil3 09.25 0.056 098 0511 1111 051
Soil4 10.63 0.091 099 0646 1282 0.76
Cu

Soill 55.55 0.032 099 09.07 456 0.89
Soil2 125 0.015 095 14.16 335 0.92
Soil3 83.33 0.026 098 17.02 438 0.88
Soil4 100 0.026 099 1326 321 0.86
Pb

Saill 33.33 0.05 0.99 3.82 232 087
Sail2 55.55 0.042 0.91 3.69 165 0.8
Sail3 38.45 0.05 0.99 3.92 214 083
Sail4 50 0.045 0.96 4.075 19 0.76

a: Langmuir and Frendlich equations did not fit to the data.
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TABLE6: Valuesof Kd, (L kg*) for thedifferent soilsand
sdlectivity sequencesdeduced from competitive sorptionin
solution at 20°C.

Pb Cu cd zn i?('qf:n"c'fesy
Soill 157 546 75 0.32 Pb>Cu>Cd>Zn
Soil2 537 1783 212 282 Pb>>Cu>Zn>Cd
Soil3 213 91.8 13.0 19.06 Pb>>Cu>Zn>Cd
Soil4 368 1338 153 176 Pb>>Cu>Zn>Cd
Pb Soil2> Soil4> Soil3> Soil1
Cu Soil2> Soil4> Soil3>>Soil1
Cd Soil2> Sail4>> Soil 3> Soill
Zn Soil2> Soil 3> Soil4> Soil1

Effect of competition on metal adsor ption

Comparison of monometal and competitive sorp-
tion isotherm parameters (TABLES 2 and 5) reveals
that the presence of other cations decreases sorption
of dl metas. Infact, competition amongthefour metas
reducedtheir Kd, , valuessignificantly for dl thesoils
studied (TABLE 6). Thissuggeststhat the metal swere
competing for the same binding sites. Although Kd, ,
valuesindicated areduction in metal adsorption dueto
competition, metal isotherms (Figure 1) show that the
differencesin metd sorptionwereevident mostly a the
higher end of equilibrium concentrations. Thusat low
metal concentrations, effectsof competition were not

TABLE 7: Desor ption (umol g*) of Pb and Zn into NaNO, solution from soilspreviously loaded by equilibration in solutions
with variousconcentrationsof the cor responding metal (umol I') valuesshown are means=+ standar d deviations.

Soil

Initial concentration of metal in loading solution (umol 1'%

700 1200

1600

2300 3300

Pb Zn Pb

Zn Pb

Zn Pb Zn Pb Zn

pmol g'l

Soil 1
Soil 2
Sail 3

2.2+0.03
3.1+0.05
3.8+0.03

6.4+0.01
6.8+0.03 3.6+0.03 7.5+0.01

2.3+0.05 7.2+0.03 3.5£0.03 7.8+0.00 4.5+0.01
3.8+0.02 7.4+0.03 4.7+0.02 8.3+0.03 5.9+0.04 9.6+0.02
6.3+0.05 3.3+0.03 7.1+0.06 3.9+0.02 7.6+0.05 5.1+0.04 8.6+0.06 5.3+0.02 9.0+0.03

8.1+0.03 5.8+0.06 9.2+0.01

very strong. Although competiti on reduced sorption of
al four metals, the magnitude of these effectswasdif-
ferent for each metd. Thusthe effect of competitionin
reducing the sorption of metal sfollowed generally the
order Pb>Cu>Cd>Zn.

Insoilswith high pH the predominance of the met-
asisinthehydrolyzed (MOH*) form™®. Inthiscase,
theinfluenceof themetal hydrolysison metal adsorp-
tion becomes more important for the more alkaline
rangeof pH, assuggested by Elliot et d*2, Briimmer et

a. (1988), and Schwertmannand Taylor (1989). Ingen-
erd, meta characteristicssuch astheorder of theelec-
tronegativity'?®, the charge-toradiusratio™® or metal -
ion hydrolysis constantg*?, sequencesdo not always
explain metal bonding s ectivity to heterogeneous soil
systems®l, Chemical inputsto soils cantake severa
pathways, including rapid leaching into groundwaters,
uptake by plants, volatilization to the atmosphere, and
storage and retention by soil.
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Desor ption

Depending on the concentrations of the solutions
fromwhichinitial adsorption had occurred, desorp-
tioninto NaNO, solutionranged from 2.2t05.9 umol
g'for Pbandfrom6.1t09.8 umol gt for Zn, and
for agiven concentration of theinitial adsorption so-
lution was alwaysgreater for Znthanfor Pb (TABLE
7). Theslight increase in desorption with the con-
centration of theinitial adsorption solution that was
observed inthisstudy isattributableto theincreased
occupancy of binding sites, which reduces binding
energy.
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CONCLUSION

A detailed investigation of single and competi-
tive sorption processeswas performed in four soils.
M ost sorption isothermsfor trace elementswere ad-
equately described by the Langmuir equation. The
sorption capacity of the soilsfor Cu, as measured
by the estimated q parameter from the Langmuir
equation was greater than for other trace elements.
Kd valuesin monometal followed the two adsorp-
tion sequences Pb>>Cu>Zn>Cd and Pb>>Cu>
Cd>Zn. These sequencesfollow approximately the
order of the electronegativity of the metal cations.
When the studied metalswere in competition, this
order did not change, although the Kd values of all
metal s decreased significantly. In general, Cuand Pb
were sorbed in greater amountswith binding strength
compared to Zn and Cd. Thissuggeststhat sorption
does not only depend on the element, but also on the
soil reactive phase and on the element concentra-
tion. The generally greater distribution coefficient
(e.g.,Kd,,) ledto better retention of trace elements

against leaching.
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