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ABSTRACT

The removal of toxic heavy metal ions from wastergats of great importance from an
environmental viewpoint. Different agricultural rdees were used for the removal heavy metals
from aqueous solutions. In this study, the rema¥aChromium and Nickel ions by Opuntia, a
natural polyelectrolyte was investigated. The wogkconcentration of metals used in this study
was 10 mg/L. The different Opuntia polyelectrolgp@centrations used in this study was 5%,
10% and 20% (v/v). The equilibrium time neededrf@aximum metal removal was 18 h. The
removal of both the ions was found to be Opuntilyedectrolyte concentration and agitation
speed dependent. 10%(v/v) Opuntia ficus indica gdetyrolyte and 150 rpm at 3@ are
optimum conditions for removal of Cr and Ni ion®nh aqueous solution. Metal ion
concentrations were determined by Spectrophotomélee maximum removal of Cr and Ni by
Opuntia polyelectrolyte after 18 h of equilibriunasv68% and 88.4% resp.
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INTRODUCTION

Heavy metal ions have become an ecotoxicologicahtuhof prime interest and increasing
significance, because of their accumulation innllvorganisms. Chromium and its compounds
are toxic metals introduced into natural water franvariety of industrial wastes. The major
sources are from leather tanning, textile dyeirg¢cteoplating and metal finishing industries
which cause severe environmental and public heptttblems. The hexavalent form of
chromium is considered to be a group “A” human icexgen because of its mutagenic and
carcinogenic properties. It leads to liver damage#monary congestion, edema and causes skin
irritation, resulting in ulcer formation. Its condeation in industrial waste water ranges from 0.5
mg/L to 270,000 mg/L . The tolerance limit for tischarge of Cr(VI) into inland surface water
is 0.1 mg/L and in potable water is 0.05 mg/L . Ae&vrange of physical and chemical processes
are available for the removal of Cr(VI) from wastater as electro-chemical precipitation, ultra-
filtration, ion exchange, electro-dialysis, reveosenosis, chemical precipitation and adsorption .
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The major drawbacks with these processes are ligh txic sludge generation or incomplete
metal removal (12).

Nickel is silvery-white. hard, malleable, and dletnetal. It is of the iron group and it takes on a
high polish. It is a fairly good conductor of heatd electricity. In its familiar compounds nickel
is bivalent, although it assumes other valencealstt forms a number of complex compounds.
Most nickel compounds are blue or green. Nickesaliges slowly in dilute acids but, like iron,
becomes passive when treated with nitric acid.liFideided nickel adsorbs hydrogen.

Although not recognized until the 1970s, nickel yslamportant roles in the biology of
microorganisms and plants. In fact urease (an eazymich assists in the hydrolysis of urea)
contains nickel. The NiFe-hydrogenases containatiok addition to iron-sulfur clusters. Such
[NiFe]-hydrogenases characteristically oxidise. A nickel-tetrapyrrole coenzyme, F430, is
present in the methyl coenzyme M reductase whichep® methanogenic archaea. One of the
carbon monoxide dehydrogenase enzymes consists1 dfeaNi-S cluster (7). Other nickel-
containing enzymes include a class of superoxidmdiase (20) and aglyoxalase(E3posure

to nickel metal and soluble compounds should noeed 0.05 mg/cm3 in nickel equivalents per
40-hour work week. Nickel sulfide fume and dusbaieved to be carcinogenic, and various
other nickel compounds may be as well (9 , 3). kBliccarbonyl, [Ni(CO)], is an extremely
toxic gas.

Metal-ion removal from aqueous solutions is a majatustrial activity covering processes
ranging from water softening to hydrometallurgicatovery from ores to detoxification of
waste-waters and contaminated natural waters. Wtiganetal-ion-specific ligands or chelators
to solid polymers is an important approach to sgvisuch problems and has received
considerable attention over the past 20 years (2&je: the terms "chelate" and "multidentate”
refer to a ligand that contains two or more bindsitgs for coordination with a metal ion. Solid
chelating polymers are the basis of a number otemssful selective industrial separations,
including the removal of calcium to part-per-biflidevels from brine and the removal of
radioactive cesium from alkaline waste waters (8).

The application of water-soluble chelating polym@hsSCP) (often termed polyelectrolytes) in
combination with ultrafiltration for the treatmeot waste-waters contaminated with low levels
of RCRA metal ions is a relatively new separatieohhology, which is being developed and
implemented at Los Alamos National Laborat@iy-19. It is possible to selectively retain
certain metal ions on water-soluble polymers, cotre¢e the metal-loaded polymer by ultra
filtration, and then recover the metals using eithed elution or electrode position processes.
The basis for metal-ion separation involves themntdn of metal ions bound to the chelating
groups on the water-soluble polymer, while smalleabound species and water pass freely
through the ultra filtration membrai(®, 6).

Different agriculture residues were used for heatal removal (11, 130Opuntia,is another
source of viscous natural polyelectrolyte beariagative surface charges (4).
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We have chosen the water-soluble polymer or potyedite approach to remove the chromium
and nickel from the aqueous solution. The appréa@mnd results of our methods-development
studies are presented in this paper.

MATERIALSAND METHODS

Theextraction of Opuntia natural polyelectrolytes:

The cactus waste was cut in small pieces, and gppately 132 g of cactus pieces with 750 ml
of tap water were transferred to a 2 | flask andest for 30 min. The extraction of viscous

natural polyelectrolyte (soluble sugars) was penkxt by decantation and keeping at 4°C until
use (15).

Treatment with natural polyelectrolytes:

In 250 ml Erlenmeyer flask with 50 ml metal aquematution were treated with 10% (v/v)
natural polyelectrolyte and a control flask keptreated, incubated at 30°C and 150 rpm for 18
h.

Deter mination of heavy metal concentration in thefiltrate:
Following metal treatment, culture filtrates weaen at certain intervals, centrifuged at 10,000
rom for 5 min and the clear supernatant liquids wasd to determine heavy metals ions
concentrations by UV Double Beam Spectrophotometer.

RESULTSAND DISCUSSION

Effect of agitation speed on heavy metal settlement by Opuntia extract:

Table 1 and Fig. 1, indicates that, the optimuntatigin is 150 rpm for settlement of heavy
metals in biosorption media as percentage remdv@r ®1.70% and Ni 60.30% on using 15%
(v/v) Opuntianatural polyelectrolyte under the same incubatimnd@ions. Correspondingly, as
demonstrated byf1), 150 rpm is the optimum agitation for settlemeftheavy metals in
biosorption media as (%) removal of Cu(ll) 32.112,54 Cd(ll) ,Fe(lll) 22.51(mg/l) on using
20% (v/v)Opuntianatural polyelectrolyte.

Table 1.Effect of agitation speed on removal capacity of Opuntia polyelectrolyte.

Agitation Standard . Standard
Cr o Ni L
speed (rpm) deviation deviation
50 3.08 0.131 3.56 0.01
100 4.633333 0.02 5.27 0.04
150 5.17 0.017 6.03 0.02
200 5.146667 0.011 6.03 0.017

According to (15), this is may be due to mucilagdrbphilic character, several hydrogen bonds
are formed between polyelectrolyte and water madscuhis association tends to occupy larger
surface area causing its very high viscosity.
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This results will be supported by La Mer and Heél$63) and Nozakiet al. (1993) who
Suggested that natural polyelectrolyte have besed uas auxiliary of flocculation and
coagulation in wastewater treatment and water ciggorocess (10, 14).
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Figure 1. Effect of agitation speed on percentage removal of metals.

Effect of natural electrolyte concentrations onuyeaetal settlement:

Treatment capacity of proposed process will dep@mmgbolyelectrolyte concentration. Table 2
and Fig. 2 display the maximum removal of Cr andbMiOpuntia polyelectrolyte after 18 h of
equilibrium was 68% and 88.4% resp. It also shdvesvariation in removal of chromium and
nickel from the aqueous solution. It shows whengpblgelectrolyte concentration increases from
10% to 20% (v/v), the removal of both the metalsrdases. This result was supported by
(Dorra et. al, 2009) (2).

(Olivera et al 2001), revealed that the flocculation process iedulby anionic polyelectrolyte
such as the natural polyelectrolyte extracted ff@puntia ficus indicaThe positive metals ion
serves to form a bridge among the anionic polyedgde and negatively charged functional
groups on the colloidal particle surface. Cactusitage is a neutral mixture of approximately
55 high-molecular weight sugar residues composs@tdldy of arabinose, galactose, rhamnose,
xylose, and galacturonic acid. This natural produas$ characterized for its use as a flocculating
agent (15).

Table 2. Effect of Opuntia polyelectrolyte concentrations on removal of heavy metals.

Polyelectrolyte Cr Standard Ni Standard

conc. %(v/v) deviation deviation
5 3.82 0.015 4.213333 0.015
10 6.66 0.23 8.84 0.03
15 6.2 0.1 7.97 0.036
20 5.42 0.011 6.4 0.173

Table2 showed that 10%, v/v of mucilage providesl dptimal effectiveness for metals removal
in biosorption media. Figure 2 also, suggested @m@intiamucilage proved the feasibility of
applying mucilage as a method for heavy metals vamnas a natural flocculating agent, as
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covalent bonds in vector compounds, or on cell stoking, that are innovative,
environmentally benign, and cost effective.
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Figure 2. Effect of polyelectrolyte concentrations on per centage removal of metals.
CONCLUSION

Finally, the use of this type of green chemistrpws Opuntia mucilage as a resource for
achieving potable water, as the use of naturalfeendly agents in the treatment of drinking
water is rapidly gaining interest due to their irdrgly renewable character and low toxicity. As
a gum-like substance, cactus mucilage, which shewxeellent flocculating abilities, is an

economically viable alternative for low-income conmties.
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