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ABSTRACT

Industrial effluentswith their heavy metalslike copper, zinc, cadmium, lead pollute the inland water sources. Attempts
have been made in this paper to study the adsorption process for removal of zinc from a synthetic solution of zinc
nitrate and sodium nitrate. An industrial sludge collected from T1SCO Jamshedpur has been used to make the adsorp-
tion studies. Different parameterslikeinitial metal concentration, pH, particle size of the adsorbent, sorbent dose, rate
of agitation, effect of ionic strength of the solute and presence of different anionic ligands have been studied.
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INTRODUCTION

Effluentsfrom metalurgical, chemica and other
plants contain different heavy metalslike copper, zinc
and cadmium. It isnecessary that thesemetalsarere-
moved beforethe water isdischarged or reused. The
process can be carried out by various methods of
chemical precipitation, ion exchange, reverse 0smosis
and adsorption. Out of thisadsorption has advantage
over other methods because of low investment and
simple design. Though active carbonisused in many
cases asan adsorbent, newer materialsarebeingtried
for lower cost and easy availability.

Inthiswork waste sludge, collected from asteel
plant has been used to study the adsorption process. It
may be mentioned here that above s udge was gener-
ated after treatment of steel plant effluents. Presently
thisdudgeishbeing dumped anditssuccessful utilization
will bean added advantage.

Char acterization of adsor bent

Adsorbent characterization playsanimportant role
to determinethe mechanism of adsorption, andisused

to find out the design parameters of the processvari-

ablesinthebatch and continuous systems. Therefore,

thefollowing physical and chemical characteristicsof
waste dudgewere studied.

01. Bulk density.

02. Specificgravity.

03. Porosity (Voidfraction).

04. BET Surfacearea.

05. Chemicd Andyss.

06.pH . (pH at zero point charge)

07. SEM. EDAX Analysis- Thetopography of three
states of waste sludge was examined by scanning
electron microscope such asundisturbed freshwaste
dudge sample, metal-ion adsorbed waste ludge
sampl e and the desorbed of waste s udge sample.
Wastedudgesamplesusad intheexperimentswere

procured from theindustrid (stedl industry) wastewa

ter treatment plant, TISCO, Jamshedpur (Jharkhand,

India) with the prior permission of the concerned au-

thorities. Thedried dudge samplesweregroundina

bal mill and seved.
The characteristics of thesludge aregivenin the
followingtables.
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TABLE 1: Physical characteristicsof wastedudge

SL.

NO. Parameter Values**
(Geometric
mean)
1 Diameter of the particle
(i) 75t0 150 pm (W) 106.06 pm
(i) 150 to 425 um (W>) 252.48 um
(iii) 425 to 850 um (W3) 601.04 um
(iv) 850 to 1700 um (Wa) 1202.08 pm
2. Bulk density. 0.85g/cm’
3. Specific gravity. 115
4 Porosity (Expressed as the ratio of vyei ght o_f 0.091
water adsorbed after 24h to oven-dried. Weight.
5. Loss of weight after washing with distilled water. 210 3%
6. Specific surface area (BET method) for size
W, 7.65m?/g
W, 751 m? /g

TABLE 2: Chemical characteristicsof wastedudge

Sl.No. Consultants Wt.(%)
1 Carbon 23
2 Iron 21
3 Calcium 18
4, Magnesium 9
5. Silica 3
6 Sulphur 195
8 Aluminum 25
9 Manganese 0.5
10 Sodium 15
11 Others 2
Procedure

All the glassware used was of borosilicate make
and all thechemica swere of anaytica grade. For the
batch kinetic experimentsmechanicd dirrers(M/s. Remi
Motors, India) with speed regul atorsand tachometers
were used. Isotherm experimentswere conducted in
the rotary shakers. Systronics model 243 combined
electrode pH meter was used for the measurement of
pH of thesolution.

The metal-ion concentrationsin the solution were
andyzed using Perkin EImer 3100 atomic absorption
spectrophotometer (AAS). Wastedudge samplesused
intheexperimentswere procured from theindustrial
(steel industry) wastewater treatment plant, TISCO,
Jamshedpur (Jharkhand, India) with the prior permis-
sion of the concerned authorities. The dried sludge
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samples were ground in aball mill and the range of
particlesizeweredesignatedintheorder 75 um>W,
> 150 um>W,>425 um>W,>850 pm>W,>1700
um The sludge had bulk density 0.85g/cm?and specific
gravity 1.15.

Solutionsof meta ionswere prepared with nitrate
sdtsof Zn(NO,) , todiminatethea onic effectson the
adsorption asfaced by some previousinvestigators2.
Sodium nitratesolutionsof different molaritieswereused
for changingionic strength of thesol ution. Therequired
pH could be adjusted by adding dilute HNO, or NaOH
solution.

Experimentswereconducted with oneliter of solu-
tion a theorigina solution pH with onegram of waste
sudge. Thesizeof thewastesdudgewasW, andinitia
metd-ion concentrationwas20 mg/1. Thesampleswere
withdrawn after 0.5, 1.2, 5, 10, 35, 60, 90, 120, 150
and 180 minutes as there was no adsorption after 3
hours. Sag et al., (1995)5 in the adsorption studies
collected samplesat 5 minutesinterval initially and at
30 minutesinterva after theequilibrium wasattai ned.
From theresultsof preliminary experimentsit wasde-
cided to maintain 1 liter solution volume,2g/l waste
dudge, pH 5.0, 20mg/l initia meta concentration, par-
ticlesizeW,, agitation 400 rpm and 3 hrscontact time
for dl thekinetic studies. Temperaturewas maintained
at 20-25° C.

Intheinitial stagesof the adsorption studies, ex-
perimentswere conducted alonewith themetal solu-
tion without adding the adsorbent and meta-ionswere
andyzedwiththeAAS. Kinetic curveshave beenplot-
ted with theamount of metal ionsadsorbed in mg per
gram of the adsorbent versiontimeusing equation (1).
q=(C,-C)V/m (@]
Where, g = Amount of metal-ion adsorbed or the sorption
capacity, mg/g, V= Volume of solution in liter, m= Mass of
adsorbentingram, C = Initial metal-ion concentrationinmg/1,
C= Metal-ion concentrationinmg/ 1

Per centageadsor ption
or

Per centage of metal-ionremoval =[(C - C)/C ] X 100

RESULTSAND DISCUSSIONS

Effect of contact time
Theeffect of contact time on the adsorption pro-
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cessisdiscussed here.

Let usconsder theresult of 5mg/ 1 of initial metal
ion concentration. It was observed that
» About 25% of removal occurswithin oneminute.
» Equilibriumtimeisachieved within 30 minutes.

It was also observed that uptake of metal-ion oc-
curredintwo stagesi.e. aninitial rapid uptakewithin
20 to 30 minutesfollowed by a subsequent slow up-
takefrom 30to 180 minutes. However, to ensurecom-
pleteattainment of equilibriumal theexperimentswere
continued up to 180 minutes.

The adsorption process appeared to proceed rap-
idly whenthenumber of availablesteswasmuch larger
than the number of metal speciesto beadsorbed. The
required contact timeincreased with increased loading.
Thecontact timerequired to reach equilibrium appeared
to be proportiona to theratio of number of adsorption
sitesand number of metal species.

Widerange of datahas been reported for adsorp-
tion ratesof heavy meta-ions by number of adsorbents.
Karabulut et d., (2001) studied the shaking timefor
adsorption of cu(ll) and Zn(11) withlow rank Turkish
cod andfound that adsorption equilibriumwasachieved
within20 minutes. A smilar initid rapid uptakewasd o
observed by Jhaet al ., (1998)® in case of sorption of
cadmiumwith chitosan.

Thereare severd parameters, which determine ad-
sorption rate such asstirring ratein the agueous phase,
physica nature of sorbent (e.g. porosity, surface area),
doseof sorbent, ionic properties (e.g. ionicradius), ini-
tial concentration of metal-ions, sterric effects, rate of
chel ate formation and coexistence of other metal-ions,
which might competewith metd-ionsof interesttl. The
adsorption rates obtai ned with waste sludge seemto
be satisfactory and werein good agreement with many
previousresearches.

Effect of initial metal-ion concentration

Thekineticsof adsorptionwith wastedudgeét dif-
ferentinitial concentrationswas studied asper the pro-
cedurediscussed earlier and plottedinthefigure 1. The
vauesof equilibriumtimeat differentinitia concentra-
tionsarefoundto be5,10,15 and 20 minutesfor initia
zZinc concentration of 20,60,90 and 90 mgy/l respectively..

It was observed that thetimeto reach equilibrium
increased withincreaseininitial metal-ion concentra:

CHEMICAL TECHNOLOGY

tionin agreement with Namasivayam et al., (1998)®
who reported that the equilibrium timeincreased from
3to4timesbyincreasing theinitial concentration from
10to40 mg/1.

The amount of metal-ions adsorbed per gram of

Zn(l1) adsorbed, mg/g
Pty @ B g 9 N @

© Zn=5mg/l ® Zn=10mg/l 4 Zn=15mg/l * Zn=20mg/l

0 26 40 60 80 100 120 140 160 180 200
Time, min

Figurel: Plot of sorbed amount ver sustimefor Zn(l1) ad-
sor ption. Effect of initial concentration at pH=5.0, m=2g/I,
Size=W

adsorbent increased withincreaseininitial metal-ion
concentration Similar resultswere obtained by many
researchers for these metal-ions with different
adsorbentg*7#l,

Theseresultsshowed that meta remova washighly
concentration dependent. Theratio of initial number of
molesof meta-ionsto theavailableadsorptionssites of
adsorbent became higher with theincreasing concen-
tration and hencethe sorption capacity increased.®

Above figure showsthat percentage removal of
metal -ions decreased with increase of metal-ion con-
centrationfrom5to 20 mg/1. Chenetal. (1997) re-
ported that percentage copper removal with activated
carbonwaslower for higher initial concentrationand it
might be dueto the higher surface coverageresulting
fromtheincreasein meta-ion concentration and sub-
sequent rise of the activation energy for thereaction,
thereforemaking it moredifficult for thesurfaceto bind
themetal-iong'*™, Similar case might have occurred
for theadsorption of Zinc.

Resultsof 10 mg/1 of initial concentration showed
76% adsorption of Zn(I1). Thiswascommensuratewith
theresultsreported earlier’, Hecould absorb 44% of
metd by chitosanfrom 10 mg/l Zn (I1) solution

It isconcluded that by increasing metal-ion con-
centration theva ues of equilibrium timeand sorption
cgpacity wereincreased whereasthe percentage of metd
removal wasreduced.
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Effect of particlesize of adsor bent

Thekineticsof sorption of wastesudgefor Zn(l1)
at different particle sizes (W, W, W, and W,) were
studied by following the procedure given earlier and
areshowninfigure2. Theexperimentswereconducted
at pH =5.0with aninitial concentration of 20mg/1 and
absorbent dose of 2g/1. Timerequired for achieving
equilibriumare 90, 90, 120 and 120 minuteswith par-
ticlesizesW, W, W, and respectively.

Itisevident that theequilibriumtimeisincreased
with increasing size of adsorbent from W, to W, and
became constant with next particlesize. Further Erosa
et a., (2001)*3 studied theinfluence of particlesize
on Cd (II) adsorption with chitosan and observed that
equilibrium timewasincreased by increasingthesize
of the sorbent. Jha et at. (1998)!° made similar ob-
servations.

Theamount of metal-ionsadsorbed inmg per gram
of adsorbent decreased with increasing size of waste
sludge. Ho et al., (2000)!" reported that the sorption
capacity of dyedecreased from 157 to 110 mg/g asthe
clay sizeincreased from 0-38 to 75- 106 pm which
impliedthat smaler size particlesmight have more sur-
faceareafor agiven massof the clay and asaconse-
guence the greater number of binding sites might be
availableinsmaller sizeparticles, Jnaet a., (1998)F
reported that sorption capacity of Cd(I1) aso concluded
that metal-ion removal occurred by asurface mecha-
nism. According to McKay (1983)1*4, separation fac-
tor wasindependent of sizefor Hg but varied dightly
withtheparticlesizefor Zn (Il).

The percentage removal of Zn (1) versus geo-
metric mean diameters of waste sludgeasplottedin
figure 2 does not show any change. Therefore, all the

Zn(Il) adsorbed, mg/g
Q_hE N @ » 9 9 o ®

°wil BW2 AW3

* W4

0 2 © e 8 10 10 10 160 18 20
Time, min

Figure2: Plot of sorbed amount ver sustimefor Zn(I1) adsor p-

tion. Effect of particlesizeat pH=5.0, m=2g/l, C .=20mg/l

—= Full Paper

experimentswere carried out with the particle size
W_.Itisconcluded that equilibrium time, sorption ca-
pacity and the percentage of metal-ion removal de-
creased with increasing the particle size of waste
sludge. More numbers of binding sitesareavailable
dueto theavailability of more surface areaper gram
of adsorbent. It isalso in agreement with the observa-
tionsreported by Jhaet al. (1998)5!.

Effect of sorbent dose

Thekineticsof adsorptionwithwastedudgeat dif-
ferent doses of sorbent were studied and plotted infig-
ure 3. Experimentswere conducted by varying thedose
from0.25to5¢g/1.

The equilibriumtimewasfound to be 90 minutes
for 0.25-2g/l, became 60 minutesfor thedoseupto 3
g/1and. further decreased to 30 minutesby increasing
thedoseto4 and 5¢/1. It reved ed that the equilibrium
time decreaseswith theincreasein the concentration of
wastedudge.

It was observed that the sorption capacity ‘q’ de-
creased from 25.4 t0 6.85 mg/g by increasing the sor-
bent dosefrom 0.25t0 2.0 ¢/1. Further, theseva ues of
‘q’ decreased to 3.26 mg/g when the dose of sorbent
wasincreased upto 5.0 g/1.

Themetal removal efficiencieswerefoundto be
31.7%. Theseva uesincreased sharply to 68.5% when
thedosewasincreased to 2.0 g/1. However, beyond
the sorbent dose2.0g/1 upto 5.0 g/1 theincreasein
the percentageremoval was margina. Corapcioglu et
al. (1987) studied the removal of Zn (1) by acti-
vated carbon and reported that the percentage metal
removal increased with decreasing surface loading.

35

o 0.25g/I
4 209!

205g1 o 109/

* 409/

< 159/l

304

= 3.00/ e 509/l

254

204

154 /

Zn(l1) adsor bed, mg/g

10

0 5‘0 160 1‘50 200
Time, min

Figure3: Plot of sorbed amount ver sustimefor Zn(l1) adsor p-

tion. Effect of sorbent doseat pH=5.0, m=2g/l, C ,=20mg/I|
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Esposito et al., (2001)[¢ reported that anincreasein
bio sorbent concentration generally increase the
adsorbed metal -ion concentration because of increas-
ing surfacearea, whereasthe adsorbed metd-ion quan-
tity ‘q’ per unit weight of adsorbent decreased by in-
creasing thebio sorbent quality.

It was concluded from the above discussion that
by increasing the waste sludge concentration in the
meta-ion solutions, theequilibriumtimeand theamount
of metal-ionsadsorbed per gram of sorbent ‘q” were
decreased where as, the metal removal efficiency of
waste dudgewasimproved.

Theincreasein metd removd efficiency wasfound
to be marginal with theincrease of the sorbent dose
from 2g/1 to 5g/1 whereas, the sorption capacity re-
duced to aslow value. Therefore, the dose of adsor-
bent wasfixed at 2g/1 for all the experiments.

Effect of rate of agitation

Thekinetics of adsorption with different rates of
agitation were studied and plotted infigure 4. Experi-
ments were conducted with C, =20 mg/1, at pH =
5.0, withsizeW1 at agitation speed 200, 400 and 800
rpm respectively. The valuesof equilibrium time ob-
tained were 90, 90, 60 minutesfor Zn (I1) at agitation
speeds 200,400 and 800 rpm respectively, which was
found to reducewith theincrease of agitation speed.

It was indicated that the external adsorption of
metal-ions on to adsorbent was controlled by the de-
greeof agitation. Increasein the speed of agitation de-
creased theboundary layer resi stanceto masstransfer
inthebulk at |esser time, thereby itincreased thedriv-
ing force of metal-ionstowards adsorption. The pro-
cesswasinfluenced by the concentration gradient and
thethicknessof thediffusionlayer, whichwasafunc-
tion of agitation process.®

Thevauesof sorption capacities‘q’ (figure 4) were
foundto be 6.6, 6.8 and 7.1 mg/g at agitation speeds
200, 400 and 800 rpm respectively. These results
showed that theincreasein sorption capacity was about
6.1%, whichwasmargind or insgnificant with respect
totheincreasein agitation speedsfrom 200 to 800 rpm.

Hoet al., (2000)" reported that the influence of
agitation speed on sorption capacity ‘q’ was small in
their experimentsfor sorption of Pb (11) with peat inthe
speed rangefrom 280 to 510 rpm.

CHEMICAL TECHNOLOGY
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Znill) adsorbed, mogfy

o 400mm

& 800rpm

0 50 100 150 200
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Figure4: Plot of sorbed amount vs. Timefor Zn (1) adsor p-

tion. Effect of rateof agitation at pH=5.0, m=2g/l, C =20mg/

l, size=W,

The percentage of meta remova wasfoundto be
66,69 and 70% at 200, 400 and 800 rpm respectively.
Theincreaseintheremoval of metal-ionswasfoundto
bemargind.

Unninathan, M et al., (2001)® observed that the
percentage removal of Cr (V1) withaninitia concen-
tration of 100 mg/1 by the adsorbent (Iron complex of
apolyacrylamide grafted sawdust) increased from 71%
to 82% by increasing therate of agitation from 100 to
400 rpm. They reported the increase in removal of
Cr)VI) to bedueto kinetic energy gained by the sor-
bate speci es during agitation and with increasing the
rate of agitation Cr (V) ionsmight became activated
through againin kinetic energy and easily crossed the
potential barrier. Theincrease of metal removal was
marginad withtheincrease of agitation speed, but what-
ever theincreasein metal-ionremoval observed might
bedueto thegain of kinetic energy by themetal-ionsto
crossthepotentia barrier.

It was concluded that the equilibrium time was
achieved earlier for higher shaking speed whereasthe
sorption capacity and metd-ionremovd efficiency in-
creased marginally with theincreasein the speed of
agitation.

Effect of pH

It iswell known that pH playsavita roleinthe
adsorption process. Metd-ionsundergo adsorption at
adifferent pH condition depending onthetypeand the
form, of theadsorbent. Daviset dl., (1978)*") ohserved
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that adsorption of metal-ionson hydroxidesurfacesare
highly pH dependent. The pH was chosen asthe mas-
ter variablein theexperimental studiesof Benjamin et
al., (1981)18 and Bdistrieri et a., (1982)19

In the present investigation the effect of pH was
studiedintherange 2.0 7.0. Amount of metal-ions
adsorbed versustimeareplotted inthefigure5. It was
observed that thetimeto gpproach equilibriumincreasad
margindly with theincrease of pH from2.0to4.0 and
thereafter remained constant up to pH 7.0. Therefore,
the effect of pH onremoval kinetics seemedto bein-
ggnificant whichisinagreement with the observations
made by Chenet dl., (1997).

Theremoval of metal-ions has been found to be
9.0, 20.0, 53.0and 68.0% it was seen that by increas-
ing the pH by another two unitsi.e. uptopH 7.0 could
achieveonly 6.7 %increase, whichisquitemarginal.
Increasing the pH beyond 7.0 precipitated the metal -
ionsfromthe solutions.

127 o pH=2.0
A pH=4.0

A pH=3.0
= pH=5.0

0 pH=3.25 © pH=35
+ pH=6.0 e pH=7.0
104

(o]
I

Zn(l1) adsorbed, mg/g
[=2]

0 5‘0 1(‘)0 1‘50 200
Time, min
Figure5: Plot of sorbed amount versustimefor Zn(l1) ad-
sor ption. Effect of pH m=2g/l, C =20mg/l, size=W1
Effect of ionic strength

Adsorption of metal ionsisawaysdependent on
theionic strength and pH of the solute. The effect of
ionic strength on the sorption kinetics of waste s udge
was studied by increasing the NaNO, molaritiesfrom
0.001to 0.1m, whichisshowninfigure6. Equilibrium
timewas observed to be 90 minutesfor adsorptionin
presence of ionic strength of 0.1 M of NaNO,. This
kind of resultsindicated that therewas shifting of equi-
libriumtime.

Influence of ionic strength of 0. 1M showed that
therewas areduction in metal removal to thetune of

—= PFyll Pgper

Znilly adsorbed, mofy

a SID 160 15ID 200
Time, min

Figure6: Plot of sorbed amount ver sustimefor Zn(I1) ad-
sorption. Effect of ionic strength at pH=5.0 m=2g/I,
C,=20mg/l, size=W,
about 21, whereasthisvauewas 2.6 %o a ionic strength
of 0.001 M. But the extent of reduction wassignificant
when theionic strength wasincreased to 0.1M.

Chenetd., (1997)¥ intheir adsorption studiesre-
ported that metal removal decreased withincreasein
ionic strength. They observed that thefunctiona groups
becomeavailableat lower ionic strength at pH=5.0.
However theincreased ionic strength deactivate the
functional groupsof the adsorbent and hence% metal -
ionremoval isreduced. The decreasein adsorption at
the higher ionic strength in the present work might be
dueto the above-mentioned reasons asthese studies
were conducted at apH 5.0

Khaodhiar et a., (2000)™ reported that the change
in background el ectrolyte concentration from 0.01 to
0.1M NaNO, hasminimal effect on metal adsorption
by iron oxide coated sand

Effect of anionicligands

Heavy metdsaregeneraly associated with anionic
ligandsinindustrid effluentsand wastewater. Thean-
ionicligandsform alarge number of specieswith met-
asand theresultant speciesmay be (a) highly adsorb-
able (b) weakly adsorbabl e () non-adsorbable depend-
ing upon the nature of theanionicligand and the adsor-
bent. The stability constants of solubleligandsand the
adsorbent withthemetd dictatethedistribution of metal
between these two phases.

Toinvestigatethe effect of abroad-spectrumligand
concentration which generally occur in metal process-
ing effluents?!, aset of experimentswith 0.1, 1.0 and
10.0and 10.0 mM of anionicligand concentration were
conducted. To minimize cationic effect sodium based
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anionicligandswerestudied. Theseanionicligandscon-
sidered were EDTA, citrate, phosphate, acetate, fluo-
rideand phosphate, which were studied withthe above
concentrations.

To study the sel ective sequence of anionicligands
as 3D stack bar diagrams (figure 7) for different con-
centration of anionicligands. Percentagereductionin
meta remova wascd culated by subtractingthevaues
obtainedin presenceof anionicligandsfrom theresults
of the percentage of adsorption in the absence of an-
ionicligandsand showninthez-axisof theaboveplots.
Thesdectivity sequenceof anionicligandsfrom highest
to lowest reduction in the percentage of meta remova
isasfollows.

EDTA> Gitrate> Tatarate>Phogphate>Huaride>Aodate

Percentage reduction in Zn(I1) removal

Different anionic ligands

Figure7: Reductionin percentageof Zn(l1) removal dueto
the presenceof different anionicligands

Itwasobservedthat EDTA, isthestrongest chdating
agent amongal theanionicligands, whichinhibited the
uptake of metasevenwith aconcentration of 0.1mM.
Nextto EDTA, higher concentration of citrateand tar-
tar ate al so reduced the metal removal substantially.
Theseanionicligandsaremultidentateligandsor ligand
with morenumbersof binding sites. Theresulting met-
ascomplexesformed with thesemultidentateligands
(when react with metal-ions) are extremely stable be-
cause of higher stability constantsfor the correspond-
ing metal-ions. These metal complexes cannot be
adsorbed with the adsorbent??

Rao, (1995)'* reported from their study, selectiv-
ity sequenceof anionicligandsas. EDTA> citrate> phos-
phate> fluoride> acetate for sorption of Pb (1) with

Kimberlitetailings. Thevariablesdectivity for different
metal-ions might bedueto thedifferent stability con-
stantsof different solubleligands??

CONCLUSION

Following conclusionscan bedrawn.

1. Waste sludge can be used as an expensive and
highly effectiveadsorbent for therecovery of Zinc.

2. Percentagemeta remova increased withincrease
of adsorbent concentration and decreased with the
increaseof initial concentration. Thiswasbecause
theratio of initial number of molesof meta ionsto
theavailable adsorption sites of adsorbent became
higher with increasing concentration. Reversewas
the casewithincrease of adsorbent concentration.

3. Thesorption capacity and the percentage of meta
ionremova decreased withincreasing particlesize
dueto decrease of available surfaceareaper gram
of adsorbent.

4. Theequilibrium contact timedepended ontheratio

of thenumber of adsorption sitesto the number of

metal speciesthat can be adsorbed.

Adsorption edgewasintherangeof pH 3.0t05.0.

Higher concentration of ionic strength reduced meta

adsorption.

7. Presenceof EDTA andcitratesgnificantly affected
adsorption among theanionicligands.

o o
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