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The use of microorganisms in the treatment of bound metal ions, when accumulated over time,
hazardous wastes containing both inorganic and eventually interfere with metabolism by disruption
organic pollutants is becoming more and more of enzyme reactions and kill the organism. If
attractive. There have been two approaches to the microorganisms on which metal ions have been
use of microorganisms in waste treatment. One sorbed are used as a food source by larger
involves the use of living organisms and the other organisms, the metal ions find their way into the
involves the use of non-viable biomass derived food chain which can eventually result in toxic
from microorganisms. While the use of living effects for humans.
organisms is often successful in the treatment of Recently advantage has been taken of the high
toxic organic contaminants, living organisms have affinity of metal ions for algal cells to remove and
not been found to be useful in the treatment of recover metal ions from industrial wastewater or
solutions containing heavy metal ions. This is contaminated groundwater (Greene and DarnaU
because once the metal ion concentration becomes 1990; Darnall 1990). Methods have been
too high or sufficient metal ions are adsorbed by developed to immobilize algae into a polymeric
the microorganism, metabolism is disrupted matrix which can be packed into columns which
c_ing the organism to die. This disadvantage is can be used much as are ion exchange resins. This
not encountered if non-living organisms or immobilized material functions as a "biological"
biological materials derived from microorganisms ion exchange resin in that once metal ions are
are used to adsorb metal ions from solution, sorbed to the material, they can be stripped in a
Instead the biomass is treated as another reagent, highly concentrated form and the material can
a surrogate ion exchange resin. The binding, or then be reused for additional metal sorptions. In
biosorption, of metal ions by the biomass results contrast to current ion exchange technology,
from coordination of the metal ions to various however, a real advantage of the algal matrix is
functional groups in or on the cell. These that the components of hard water (Ca+2 and
chelating groups, contributed by the cell Mg+2) or monovalent cations (Na + and K+) do
biopolymers, include carboxyl, imidazole, not significantly interfere with the binding of toxic,
sulfhydryl, amino, phosphate, sulfate, thioether, heavy metal ions. In fact, calcium or magnesium
phenol, carbonyl, amide, and hydroxyl moieties ion concentrations as high as 10,000 mg/L have
(Darnall et al. 1986). little or no effect on sorption of copper at

The interaction of metal ions with the cell concentrations as low as 6.5 mg/L. The binding of
walls of microorganism, a process known as Ca+2 and Mg+2 to ion exchange resins (eveh che-
biosorption, has been known for many years. The lating ion exchange resins which are relatively
result of this reaction, i.e., the formation of the selective for transition metal ions) often limits ion
alga-metal ion complex, is basically why metal ions exchange usefulness since calcium and magnesium
are toxic to living organisms and is how the toxic ions are frequently present in high concentrations
effect of metal ions is amplified in the food chain, and compete for heavy metal ion binding. This
The metal ions are adsorbed to the cell even when means that frequent regeneration of ion exchange
their concentrations are in the tLg/Lrange. The resins is necessary in order to effectively remove

heavy metal ions from solutic_. It also means
that most of the ion exchange capacity is spent in
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removing calcium and magnesium from the waters.
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Thus, the immobilized algae have the potential to occurs when the active metal-binding sites (such as
be particularly useful for removing metal ions carboxylate or amine groups) can also bind
from "hard"waters. Another particularly impor- protons. Thus, metal ions and protons compete
tant attribute of the immobilized algae is that for the same binding sites.

frequently effluents after treatment contain metal A third group of metal ions was found to be
• ion in the I_g/Lor sub-i_g/L range. Very often ion more strongly bound to Chlorella vulgaris at pH 2

exchange resins, and even chelating ion exchange than at pH 5. These ions included mainly the
resins, show metal ion leakages in the 1.0-0.1 mg/L oxoanions MoO42",SeO42",and CrO4z"and other
range, anionic metal complexes including PtCI42"and

Various algal species and cell preparations Au(CN)2-. The increased binding of these metal
have different affinities for different metal ions ions at low pH was consistent with electrostatic
(Greene and Darnall 1990; Bedell and Darnall interactions with ligands such as amines or
1990). These different affinities are explained by imidazoles, which would be positively charged due
the fact that different species of algae contain to protonation at low pH values. Also, since the
different polymeric molecules in their cell walls isoelectric point for many algal species lies
and thus have different functional groups to which between 3 and 4, as the pH is decreased below the
metal ions can coordinate. It has been shown that isoelectric pH, the overall net charge on the cell
carboxyl groups found in the cell walls of many wall promotes easier access of anions to positively
algae is important for aluminum or copper bind- charged binding sites.

ing to different algae, whereas amino and sulfur The binding of gold(III) to Chlorella is
containing ligands are more important for the particularly interesting (Greene and Darnall 1990).
binding of gold(III) (Gardea-Torresdey et al. The interaction of AuCI4"1with Chlorella is
1990). accompanied by the rapid reduction of gold(III) to

The alga Chlorella _ has been studied gold(I) and the liberation of three chloride ions
more than any other alga with respect to metal per mole of bound gold. Within days gold(I) is
binding properties. Most metal ions can be slowly reduced to elemental gold which is evident
divided into three different classes depending as tetrahedral or hexagonal crystals in electron
upon how solution pH affects binding to Chlorella micrographs. XANES and EXAFS spectra
(Greene and Darnall 1990). showed direct evidence for the reduction of

One group of metal ions, including Hg(II), gold(III) to gold(I) and suggest that nitrogen and
Au(III), AuCI4-, Ag(I), Pd(II), and gold (I) sulfur are the main ligating atoms.
thiomalate, bind to Chlorella _ inde- Immobilized algae have been shown to be
pendently of pH values between 2 and 7. This particularly effective for the treatment of
behavior is consistent with the general coordina- groundwaters contaminated with mercury ion at a
tion chemistry of the metal ions. These metal site in California as well as groundwaters from
ions are classified as "soft." "Soft" metal ions Oak Ridge National Laboratory and Savannah
generally undergo covalent binding to "softer" River. Effluents from waters passed through
ligands, such as sulfhydryl and amine groups, and columns containing the immobilized algae
those binding interactions are generally minimally contained less than 2 ppb mercury (EPA 1990).
affected by ionic interactions and pH. In addition the use of immobilized algae was

found to be effective in the removal and recoveryA second group of metal ions, which were
found to bind more strongly to Chlorella vulaga._ of uranium from a contaminated groundwater
as pH was increased from 2 to 5, consisted of (Well 399-1-17A) at the Hanford Site. Waters
borderline "soft-and-hard" and "hard" metal from Well-399-1-17A and containing 150-300 ppb

cations, including Cu(lI), Ni(II), Zn(II), Co(II), uranium were tested for uranium removal by the
Pb(II), Cr(III), Cd(II), U(VI), Co(II), Be(II), and immobilized aglae. Effluents from columns
Al(III). The pH dependent behavior resembled packed with the immobilized algae were found to
the binding of these metal ions to cation exchange contain less than 5 ppb uranium after the passage
resins containing carboxylate or amine groups. A of over 3000 bed volumes of uranium
pH dependence of metal cation binding generally contaminated water through the columns. The
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uranium bound to the alga matrix was easily Environmental Protection Agency. 1990.
stripped by the passage of 0.lM H2SO4 through Emerging Technologies: Bio-Recovery Systems
the column. These data suggest that the use of Removal and Recovery of Metal Ions from
immobilized aglae may be useful in remediation Groundwater. EPA/540/5-90/005a. U.S.
work at Hanford and other DOE sites. Environmental Protection Agency, Office of

Research and Development, Washington, DC.
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