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ABSTRACT

In thiswork humic acid wasimmobilized in sol-gel matrix. Theimmobilized
polymer was used to remove cobalt, chromium and mercury from water.
Maximum uptake was almost achieved after 3 hourswith avaluesof 51 mg/
gimm. HA for cobdt, 55 mg/gimm. HA for chromium and 39.9 mg/gimm. HA
mg for mercury,. The uptake of the mentioned metal swas almost compl eted
after 3 hours. It was found the uptake was pH dependant that is; Maximum
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uptakefor cobalt and mercury wasat pH 6, while pH 5 wasthe optimum for
chromium. Buffer type and buffer concentration exhibit asignificant effect
on the uptake of the metals under study. The effect of temperature was
investigated and optimum temperature was 30°C for cobalt and chromium

and 40°C for mercury.

INTRODUCTION

Heavy metal aswater pollutant

Heavy metalsexist in surfacewatersin colloidal,
particul ate, and dissol ved phases, although dissolved
concentrationsaregenerally low. Thecolloida and par-
ticulate metal may befound ashydroxides, oxides, sili-
cates, or sulfides; or adsorbed to clay, silica, or organic
matter. The solubleformsaregenerally ionsor union-
ized organometallic chelatesor complexes. The solu-
bility of trace metalsin surfacewatersispredominately
controlled by thewater pH, thetype and concentration
of ligands on which the metal could adsorb, and the
oxidation state of themineral componentsand there-
dox environment of the system Heavy metalsare dan-
gerous becausethey tend to bioaccumul ate. Bioaccumu
lation meansanincreasein the concentration of achemi-
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cd inabiologica organism over time, compared tothe
chemical’s concentration in the environment. Com-
pounds accumul atein living thingsany timethey are
taken up and stored faster than they are broken down
(metabolized) or excreted. Heavy metalscan enter a
water supply by industrial and consumer waste, or even
fromacidicrainbreaking down soilsand releasing heavy
metd sinto streams, lakes, rivers, and groundwater!?.
Heavy metalsare present in abundance naturally and
enter thewater cyclethrough avariety of geochemica
processes. Many metal sare added to water by indus-
trial process. Disposd of untreated wastes, surfacerun-
off and highway run-off also causemetd pollution of
surfacewater. Heavy metalsare also present in solid
wastes, municipa sewagedudge’s and landfill leachate.
High concentration of heavy metd inwater suppliesare
undesirable because of the adverse effectson Hedlth,
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environmental toxicity, corroson of pipeworksandthe
esthetic quality environmenta ™,

Humic substance

Humic substances (HS) are amorphic, dark and
havealarge content of oxygenated organic groups, such
ascarboxylic, phenolic, enalic, acoholic and quinone
groups, among others. Humic materia, adecay prod-
uct of livingorganisms, constitutesamgjor form of or-
ganic matter in soils, peat lands, and aquatic environ-
ments. Itiscomposed of complex heterogeneous mix-
tures of polyfunctionalised macromolecular systems,
which arevariablewith respect to source and stage of
maturation®. Thismaterial ischaracterised by an aver-
age molecular mass from afew thousandsto several
hundred thousand ddtons, with rd atively high oxygen,
low nitrogen, and low sul phur content Humic substances
are considered as the end product of the decomposi-
tion of plant material in soil™*. Humic substancesare
group of organic compounds formed by the associa-
tion of high-molecular-mass substancesfrommicrobio-
logical, vegetativeand anima origin. They areorganic
meacromol eculeswith multiplepropertiesand high struc-
turd complexity. They exist abundantly insoil, natural
water and variousterrestrid and aquatic environmentg®.
Humic substances can bedifferentiated into 3 fractions
namely (i) humic acid, fraction of insol uble humic sub-
stancesin acidic water (pH< 2), but solublein water
having higher pH, (ii) fulvic acid, fraction of humic sub-
gancessolubleinal pH range, and (iii) humin, fraction
of humic substancesthat areinsolubleinwater indl pH
conditions. Humic acidisavery good adsorbentinterm
of capacity and rate of adsorption for various metal
cations. In comparison to the commonly used adsor-
bent such asmeta oxidesand active carbon®2. Humic
acid generdly possesses higher capacity and energy of
adsorption, and a so hasfaster rate of adsorptiont*3.

Humic acidit consistsof 40-60% carbon, 30-50%
oxygen, 1-3% nitrogen and 0.1-2% sulfur combinedin
aliphatic and aromatic ring structures associated with
carbonyls, alcoholic and phenolic hydroxyl, carboxy-
lates, amines, amides, and other functional groups?.
All of thesefeatures make humic acid hydrophilic and
hydrophobic. Fulvicand humic acidsarerecognized to
play animportant rolein theaquatic environmentd sys-
tem . The strongest acid group was classified as car-
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boxylates orthoto aphenolic group. Clustering of these
carboxyl groupsresultsin strong acid characteristics
by electrostatic field effectsand a so resultsin strong
metal binding by polydentate mechanisms. All the other
carboxylatesfall inthe second weaker group in addi-
tion to the hydroxyl phenolic group. These carboxylic
groups (strong and weak) and hydroxyl groups (aro-
matic and aiphatic) are capable of complexing metal
iong®3, Humi c substances must be studied becausethey
have acid-base properties with awide range of pKa
values and are mixtures of cross-linked polymers of
different molecular weight and charge densities. They
havehigh affinitiesfor surfaces, both organicandinor-
ganic.humic substancecontainlonglived (Amost sable
populations) of freeradicalswhich are capable of re-
ducinginorganic speciessuchasHg, Cr and Cotoname
afew. They ared so capable of interacting with anthro-
pogenic, including the know carcinogen benzo (a)
pyrene, again altering the chemical reactivity of these
important chemica 9.

Metd lonInteractionswith humicacid wasreported
that therearefour possibilitiesof binding of humicacid
with metal iong?¥. 1. By chelation between carboxyl
and phenalichydroxyl groups. 2. By chelation between
two carboxyl groups. 3. By complexationwith onecar-
boxyl group. 4. by phenolsand phenolic ethers. Humic
acid structureswill be siteswhere severa carboxylic
acids, phenolate, thiolate, amino, or other meta-bind-
ing groups cometogether. Thesestesarewhereameta
ionwill bemost strongly bound. Structurdly, itishard
to show a“typical” humic acid binding to copper for
example, but structure bel ow show onepossibility.

1 D ;
Mo D
H  Cys+
CH;
0

Figurel: A schematic of acopper ion (Cu*; showninred)
being chelated by anaturally occurringhumicacid (shown
in green).
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Asshowninfigurel, thecentrd postively-charged
copper ion (Cu*) ischelated by thelarger humic acid
showningreen. Itisbound ironicaly by two negatively
charged carboxylic acid groupsand complexed by one
neutral amino group. Together thesethree groups may
hold the copper ion more strongly by many orders of
meagnitudemorestrongly than could any individua bind-
ing group™. Heavy meta smay bebound to humic sub-
stancethrough much stronger covalent bondswith the
later often resulting intheformation of stablechelating
rings. Humicacidisparticularly effectivein chelating
heavy metalsdueto it high content of oxygen contain-
ing functional. The strength of associations between
organic matter and heavy metalswill depend on the
typeof binding Steavailable, their abundanceand dis-
tribution, the equilibrium constant. However, stability
constant datagenerally indicatesthat under the same
experimentd conditions. Cadmiumnickel andzincare
lessstrongly complexed to humic acid than are copper
or lead with ranking such as Pb>Cu>Ni>Co>Zn>Cd>
Fe>Mn>Mg . The hypothetica structurefor humic
acidisshowninfigure 2 below. It containsfree and
bound phenolic OH groups, quinonestructures, nitro-
gen and oxygen as bridge units and carboxylic acid
groupsvarioudy placed on aromaticring.

Asfor thestructure, itisstill not known, athough
there hasbeen abreakthrough by research groupindi-
cating that HAs should not be considered ashigh mo-
lecular weight compounds Regardlessof thestill un-
known structure of humic substances and the great ef-
fortstoducidate, it isknown that their mgor functiona
groupsincludecarboxylic, phenalic, carbonyl, hydroxyl,
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amine, anideand diphatic moieties, among others. Due
to thispolyfunctionaity, humic substances are one of
themost powerful chelating agentsamong natural or-
ganic substances. The zwitterionic character of humic
substances allowstheinteraction of anionswith posi-
tively charged groups of humic and cationswith nega-
tive charged groups of these substances. The oxygen
containing functional groupsin HA representsaquarter
of thetotal molecular weight of HAS). The carboxyl
(COOH) group increasesin abundancewith humifica
tion, reactsreadily with metal§* and gradually disso-
ciates between pH 2.5 and 7 to form the carboxyl ate
(COO) groupi?. The phenalic hydroxyl (OH) group
iIsmore abundant in the early stages of decomposition
isderived from lignininwoody plants?, reactsless
with meta's, and dissociates between pH 8 and 13.5.
The COOH and phenolic OH groups account for the
total acidity of HA? whilethea coholic OH groupis
only weakly acidic and reacts minimally with metals.
Thecarbonyl (C=0) groupincreasesin abundancewith
humification®®?, isthemain functional groupin sedi-
mentsand transformsinto the COOH group under oxi-
dizing conditionsor when exposed to clay. ThepH de-
pendent surfaces of HA causeflocculation at low pH
and dispersion at high pH*. SEM images of HA re-
veal smooth, compact shapesat pH 3 and rough, € on-
gated and dispersed shapes at pH 7 and HA also
beginsto dissolveat higher pHs. HA may remove met-
asfromsolution a low pH but at high pH metal bond-
ingwith dissolved HA resultsin theformation of soluble
metal humate species®. Itisaso believed that small
materia s can becometrapped insdevoidswithinthe

He=0
(sugar) (HC-OH),
I

(peptide)

Figure2: Modd structureof humicacid accordingto stevenson
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HA molecules®.,

HAs are highly negatively charged and organic
matter contributestowardsthelowering of thezero point
of charge (zpc) of s0ilS®8. Humicacids (HAS) immoabi-
lized on solid particles can a so be used ashigh capac-
ity, selective sorbentsfor therecovery of traceamounts
of metal ionsand/or xenobiotic organicsfrom solution.
Silicaand itsderivativeshave been used extensively in
chromatography because of their excellent mechanical
strength, well-controlled structural parameters(e.g. sur-
face area, pore size and particle shape and size) and
chemical stability. If HAscan beimmobilized success-
fully onslica HAswereimmobilizedchemicalyondlica
or adsorbed directly on polysiloxane silica. Used the
phenalic groupsof theHA for thechemicd immobiliza:
tioni*. HA-silicacould be useful for theinvestigation
of thebinding propertiesof radio nuclidesand organic
pollutantsto soil and sediment. Inthedesign of theim-
mobilization methods, theuse of carboxylicgroups, thet
areabundant in humic substances.

Entrgpment in crosdinked organic polymersisawel
known method for theimmobilization of enzymesand
wholecells. Entrgpped biomoleculesarephysicaly con-
fined within the polymer matrix and can bereused sev-
eral times. Organic polymers such as polyacrylamide
gelsarecurrently usedin biotechnology but sillicaglasses
could offer some advantages such asimproved me-
chanica strength and chemica stability. Moreover they
don’t swell in aqueous or organic solvents preventing
leaching of entrapped biomolecules. However glasses
aremadeat hightemperature and, up to now, enzyme
immobilization can only be Performed via adsorption
or cova ent binding onto the surface of porousglasses?.
Theso-called sol-gel process opensnew possibilities
inthefield of biotechnol ogy. Sol-gd glassesareformed
at roomtemperatureviathe polymerization of molecu-
lar precursorssuch asmetd akoxides. Proteinscan be
added to the solution of precursors. Hydrolysis and
condensation then |ead to the formation of an oxide
network inwhich biomoleculesremain trapped. Small
analytes can diffuse through the pores allowing
bioreactionsto be performed inside the sol-gel glass.
Trapped enzymesstill retain their biocata ytic activity
and may even be stabilized within the sol-gel cage. A
widerangeof biologica speciessuch asantibodiesand
whole cellshave been trapped within sol-gel matrices.
They usudly retainther activity but weak interactions
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with thesilicacageactualy occur that can changetheir
behavior®7, Onthe other hand immobilization of re-
agentsor celsinsol-gd matricesthat havetheability to
bind with metalsand as aresult reduce concentration
of heavy metals.

SOL -gel confinement in silicamatrices

Sol-gd silicacan be synthesized at room tempera:
tureviathe hydrolysisand condensation of
Tetramethyl OrthoSilicate(TMOS), Si(OCH,),.
Hydrolysisgivesreactivesilanol groupswhereas con-
densation leadsto theformation of bridging oxygen as
follows
-S-OCH, +H,0 —-Si-OH + CH_,OH (hydrolysis)
-S-OH +HO-Si- - -Si-O-Si- + H,O (condensation)
Theoverdl reactionisthen
Si(OCH,),+2H,0 —» SiO,+4CH_OH

EXPERIMENTAL

Instrumentation

A Perkin EImer Analyst 100 Atomic Absorption
Spectrometer, with deuterium lamp asbackground cor-
rection method was used for metal sdetermination. A
HanapH meter was used to adjust the pH of different
solutions,

Chemicalsand reagents

Tetragthoxyslane (TEOS), Humicacid (HA), Co-
bat nitrate, chromium nitrate, and mercury nitratewere
obtained from Merck, Germany. Other chemicdswere
purchased from Fluka. All reagentsand chemica sused
in this study were of the analytical grade. Distilled,
deionised water were used throughout thisstudy

Preparation of stock solutions

A seriesof buffer solution of phosphate buffer that
cover thepH rangefrom 2.0 to 8 were prepared. Other
buffers, at pH 6.0 were prepared from tartaric acid,
acetic acid, citric acid and sodium dihydrogen phos-
phate. Chromium and cobalt ion were prepared in
deionized water so that 100 ppm of each metal were
obtained. All metal ion solutionswerestored in poly-
ethylene bottles. compounds.

Prepar ation of sol stock solution

Using 20 ml pipette, 13.5 ml of TEOSweretrans-
ferred into 50.0 ml glassvid followed by addition of
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Figure3: Effect of pH ontheuptakeof cobalt by immobilized
humic acid and free sol gel after one hour and at room
temperature
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Figure4: Effect of pH ontheuptakeof chromium by immo-
bilized humic acid and free sol-gel after onehour and at
room temperature
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Figure5: Effect of pH on theuptake of mer cury by immo-

bilized humic acid and fr ee sol-gel after onehour and at

room temperature

4.2 ml of 10*M HCI. Thevia wasfirmly corked and
stirred by means of magnetic stirrer for threehours. A
homogeneous sol, dueto partia hydrolysisof TEOS
was obtained. Thiswas stored in adesiccator for fur-
ther use?!,

Humic acid entrapment system

=
N

S

mg Hg/g sysem
o]

o

A 10 ml portion of phosphate buffer, pH 5.0, con-
taining 20% (w/v) humic acid was mixed with 10 ml
TEOSsol in50ml glassvid. Themixturewas shaken
gently inwhichagel of homogeneoudy entrapped hu-
mic acid wasformed in about 3-5 minutes. Thegd was
alowed to dry for threeweeks. A monolith containing
entrapped humic acid resulted which waspowdered to
aparticlesizeof (4-60um), washed severd timeswith
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small portions, 50 ml each, of 1M sodium chloride.
Followed by washing threetimeswith plenty of distilled
water. Finally theentrapped HA wasl eft inthe desired
buffer for equilibration beforeusefor onehour, and left
to dry for aweak at room temperature™.

Analytical method

Chromium, cobalt and mercury, were determined
using a Perkin elmer analyst 100 atomic absorption
spectrometer using an air/acetyleneflame. chromium,
cobat and mercury weredetermined a the 240.7, 357.9
and 253.7 nmresonancelinesrespectively.

Metal uptake

A 0.10g of ether sol-gel immobilized humic acid
or blank sol-gel was added to 25 mL standard solu-
tionsof chromium, cobat and mercury that contain 100
mg/L of themetal under investigation.

The uptake was cal cul ated asfollowed:

Supposethat the 50 mL of chromiumwithinitial
concentration of 100 mg/L in contact with0.10gim-
mobilized humic acid which was reduced to 20 mg/L
theuptakein( mg Cr/ gramimmobilized humic acid )=

0.05L (100mg/L 20mg/L)
0.10gimmobilized humicacid

=40mgCr/gimm.HA

RESULT AND DISCUSSION

Effect of pH on the uptake of cobalt, chromium
and mercury

Theeffect of pH on the uptake of Co, and Cr by
free sol gel and sol-gel immobilized humic acid (imm.
HA) wasinvestigated in the 2-8 pH range using phos-
phate buffer after one hoursand at room temperature.
Asdemonstrated in figures 3-5 the uptake of cobalt
,chromium and mercury by free sol-gel and immobi-
lized humic acid isstrongly effected by pH that isthe
uptake of thethreemetal sincreaseswithincreasing pH.
Thistrendwithimmobilized humicacid could bedueto
the presence of humic acid in the deprotanated form.
At pH>7 it isassumed that hydroxideion concentra-
tionishigh enoughto cause partia precipitation of the
metal ionsunder study, for thisreason pH 6 wasfound
asoptimum pH for the uptake of cobalt and mercury
and pH 5 was chosen as optimum vauefor chromium
uptake. Thiscoincidewith work donebeforeinwhich
maximum metal uptake by immobilized humicacidwas
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Figure®6: Effect of buffer typeon theuptakeof cobalt,at pH
=6.0, after onehoursand at room temper ature. 1-acetate
buffer, 2-citratebuffer, 3-phogphatebuffer, 4- tartratebuffer
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found at pH 5-6. It was concluded by that maximum
uptake of mercury by humic acid was showed at pH
4.5,

Effect of buffer type

Theeffect of buffer type on the uptake of Co, Cr
and and Hg by blank polysiloxineand sol-ge imm. HA
wasexamined at room temperature and after one hour
period of timeusing four different typeof buffer namely
acetate, citrate, phosphate and tartrate buffers.As
shown in figures 6-8 maximum uptake of cobalt was
observed using dtratebuffer, whileacetate buffer anong
thefour typesof tested buffersexhibitsthe highest chro-
mium uptake. The uptake of Hg by immobilized HA
was maximum when phosphate buffer wasused. On
the other hand the type of buffer hasno considerable
effect on the uptake of mercury by blank polysiloxane.
Whilemaxiumum uptake of cobalt and chromiumwas
obtained by the blank polysiloxane using acetate and
tartrate respectively.

Effect of buffer concentration

Theeffect of buffer concentration on the uptake of
cobalt, chromium and mercury was examined using
0.010-1.0 M of the optimum typeof buffer regarding
to each metal(citratefor Co, acetatefor Cr and phos-
phatefor Hg). Figures9-11. The pH was adjusted 6.0
for both cobalt and mercury and 5.0 for chromium. The
study was performed at room temperature. It wasfound
that the uptake of cobalt, chromium and mercury by
free sol-gdl and sol-gel immoabilized humic decreases
with increasing buffer concentration This can be ex-
plained asfollowing; increasing buffer concentrationin-
creasesthe concentration of other cationsmainly so-
dium which competeswith Co, Cr and Hgin chelation
with ether chelaingfunctiona groupsintheimm. HA

N
[¢)]

N
o

=
[6)]

mg Cr/mg system
=
o

o o

0 0.2 0.4 0.6 0.8 1
buffer conc. mol/L

Figure 10: Effect of buffer conc. (citrate buffer) on the
uptake of chromium at pH= 5.0 after one hoursand at
room temperature
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Figure11: Effect of buffer conc. (phosphatebuffer) onthe

uptakeof mercury at pH=5.0 after onehoursand at room
temperature

30
25 1
20

15 1 —e—mgColg TEOS
10 4 —&—mg Co/g HA

mg Co/ g system

Temperature °C
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Figure 13: Effect of temperatureon theuptake of chro-
mium at pH=5.0using0.010 M citratebuffer after 1hours
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Figure14: Effect of temper atureon theuptakeof mercury
at pH=5.0using 0.010 M phopspateafter 24 hours
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or termina hydroxyl in polysiloxaneor at least intro-
ducesenough e ectrogtati c buffering effect which lower
thetendency for Co, Cr and Hgionsto transfer to the
chelating groupsof polymert*,

Theeffect of buffer concentration on the uptake of
lead, copper, cadmium, nickel, iron and zinc by immo-
bilized HA wasexaminedin previouswork. It wasfound
decreasing buffer increases the uptake of these met-
ag¥,

Effect of temperatureon theuptakeof cobalt, chro-
mium and mercury

Theeffect of temperature on the uptake of cobalt,
chromium and mercury by freeandimm. HA wasex-
amined inthe 10-60 range at optimum conditionsfor
each metal at pH=5.0 using 0.010 M acetate buffer
for cobalt, at pH= 6.0 using 0.010 M acetate buffer for
chromiumand at pH 6.0 using 0.010 M phosphatebuffer
for mercury. Resultsin figures 12-14 demonstrate that
the uptake of both chromium, cobalt and mercury by
imm. HA isaffected by temperaturein which the up-
take of both chromium, cobalt and mercury increases
with increas ng temperature maximum uptake of cobalt
and chromiumwas 27 mg Co/gimm. HA and 22mg/g
imm HA wasobtained at 30°C, while highest uptake
for mercury was obtained at 40 °C with avalue 20.6
mg/gimm. HA, then the uptake of thethreemetalsde-
creaseswith increasing temperaturetill it dropsto 16
mg/gimmHA for cobat, 13 mg/gimmHA for chro-
mium and 9.9 mg/gimmHA at 60°C,

Theeffect of temperature on cobalt,chromiumand
mercury by blank sol-gel had adifferent trend where
uptake decreased when temperature wasincreased sug-
gesting physical adsorption at thepolysiloxane surface

[14]

Kinetic study of the uptake of cobalt, chromium
and aluminum by freesol-gel and sol-gel immobi-
lized himcacid

At optimum condition for the uptake of each metal
by blank sol-gel and sol-gel immobilized humic acid
thatis; (at pH =6, 0.010 M citrate buffer for cobalt), at
pH =50.01M acetate buffer for chromiumand at pH
6.0 using 0.010 M phosphate buffer for mercury) the
uptake of thethree metalswasmonitored against time
asshowninfigures 15-17 the uptake of cobalt, chro-
mium and mercury by immobilized HA startsimmedi-
ately after contact with matrix andincreaseswithtime
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Figure15: Cabalt uptakeby sol-gel and immobilized humic

acid againg timeat pH =6.0using 0.010 M citratebuffer

0 300 1500

60

|
é 45 ——mm. HA
—&—TEO S
z 30
B
o 15 A
1S
0 . . . .
0 300 600 900 1200 15C
Time, min.

Figure16: Chromium uptakeby sol-gel and immobilized
humicacid against timeat pH=5.0using0.10 M acetate
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Figure17: Mercury uptake by sol-gel and immobilized
humic acid against time at pH=5.0using 0.10 M phos-
phatebuffer
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TABLE 1: Reuse of sol-gel Immobilized Humic acid after
treated with somereagents. (at optimum condition for each
metals) and after 3hours

. mg Co/g mg Cr/g mg Hg/g

Condition imm.HA imm.HA imm.HA
*NT 44 47 36.6
H.O 44 46 36.8
EDTA 50 54 384
NaOH 42 42 35.9
HCI 32 34 32.3

*NT, no treatment

till it amost reached aplateau after threehourswith a
valuesof 51 mg/gimm. HA for cobalt, 55.0 mg Cr/g
imm. HA for chromium and 39.9 mgHg/gimm. HA for
mercury. Asshown fromfigures 15-17 the uptake Co,
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Cr and Hg by blank polysiloxane (TEOS) was much
lower than that of theimmobilized humicacidinwhich,
it exhibits 15 mg/g for cobalt, 16 mg/gfor chromium
and 9.9 mg/g for mercury which indicatesthat most of
themetal uptakeisdueto chelation with humic acid
rather than adsorbed at the polysiloxane.

Recovery of immobilized humicacid

Theability of sol-gel immobilized humicacidfor
further useto reduce the concentration of Co, Cr, and
Hg TABLE 1 wasexaminesfirg without any trestment,
and after treatment with water, EDTA NaOH and HCl.
Resultesindicatethat theimmobilized humicacid can
bereused without any treatment with high efficiency to
remove Co, Cr, and Hg with an uptake of 44 mg Co/g
imm.HA, 47 mg Cr/g imm.HA and 36.6 mg Hg/g
imm.HA compared with of 51 mg/gimm. HA for co-
bat, 55.0 mg Cr/gimm. HA for chromiumand 39.9mg
Hg/gimm. HA for mercury inthefirst use. No further
gainfor theuptake of thethree metalswhenimm. HA
waswashed with water. Onthe other hand whenimm.
HA was treated with EDTA the uptake of the three
metad swasimprovedwhichisduetochdationof EDTA
with any metal sthat wereinteract with chelating func-
tiona groups of humic acid. Treatment with HCI re-
ducetheefficiency of imm.HA to reducethe concen-
tration of thethree mentioned metasthat is; the uptake
wasreduced to 32.0 mg Co/gimm.HA, 34.0 mg Cr/g
and 32.3mgHg/gimm.HA. No gain on the uptake of
thethreemeta swas obtained whenimm.HA wastreated
with NaOH.

CONCLUSION

Heavy metd pollution has becomeoneof themost
seriousenvironmentd problemstoday. Biosorption, us-
ing biomaterialssuch asbacteria, fungi, yeast ,dgaeand
humic substances, isregarded as acost-effective bio-
technology for the treatment of high volume and low
concentration complex wastewaters containing heavy
metal () intheorder of 1t0 100 mg/L. Among the prom-
ising biosorbentsfor heavy meta remova which have
been researched during the past decades, humic acid
hasrecel ved increas ng attention dueto the unique na-
ture. biosorption largely depends on parameterssuch
aspH, temperature, buffer type and buffer concentra-
tion.
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