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Alkali-extracted mycelial biomass (biosorbent) from
Aspergillus niger was effective in sequestering metal
ions, especially Zn** and Cd** from lake waters from
very low concentrations (ug/l) when compared to
Dowex-50. Zinc ions (9 g/l) from an effluent of a bat-
tery manufacturing unit could be removed efficiently
(>75%) by recycling the biosorbent through five cy-
cles. Similarly, chromium ions from effluents of elec-
troplating industry (420 mg/l) could also be removed
by recycling the biomass. Here we report the poten-
tial use of this fungal biosorbent in removing toxic
metal ions from heterogeneously polluted lake waters
and industrial effluents.

DEVELOPING countries are increasingly concerned with
pollution due to toxic heavy metals in the environment.
Unlike most organic pollutants which can be destroyed,
toxic metal ions released into the environment often
persist indefinitely, circulating and eventually accumu-
lating throughout the food chain, thus posing a serious
threat to mankind. Large proportions of heavy metals
are being released into the environment from acid mine
drains and industrial waste waters due to inadequacies
of technology in processing of metals or through other
routes '~ A reasonable procedure to diminish the escape
of metals from industrial effluents is the adoption of low
waste-generating technologies coupled with effective
effluent treaiment.

The use of biological materials for heavy metal re-
moval or recovery has gained importance in recent years
due to their good performance and low cost””’. Among
the various sources, both live and inactivated biomass of
microorganisms exhibit interesting metal-binding ca-
pacities™”. Their complex cell walls contain high content
of functional groups like amino, amide, hydroxyl, car-
boxyl, sulphydryl and phosphate which have been impli-
cated in metal binding'®"*. |

Conventional methods for removing metals from in-
dustrial effluents before they are disposed off are be-
coming inadequate, while effective methods are
becoming uneconomical’>. An alternative method, based
on the adsorptive capacity of microbial biomass, re-
ferred to as biosorption, is emerging as a promising
‘biosorption technology’ for metal removal and recov-
ery>*!°, Studies from our laboratory had earlier used a
nickel-resistant, hyperaccumulating mutant of Neu-
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rospora crassa to remove toxic Ni** from aqueous me-
dia'”. In later studies, alkali-extracted mycelial biomass
of N. crassa, Fusarium oxysporum and particularly
A. niger have been demonstrated to have an excellent
ability to concentrate silver ions'’. Further, the mecha-
nism of biosorption was demonstrated to be by a direct
exchange of toxic ions with resident Ca**/Mg** of the
biosorbent; carboxyl groups have been shown to be the
major binding groups herein''. The objective of the pre-
sent study is to explore the potential use of a biosorbent
from A. niger in removing toxic metal 1ons from pol-
luted lake waters and industnial effluents.

The biomass of A. niger was processed as described
earlier'®, referred to as ‘biosorbent’ was used in all ex-
periments. For metal-removal experiments, Hussain Sa-
gar, an eutropically })olluted lake in the Hyderabad city,
India, was chosen and the metal ion concentrations
(Cd**, Cu?*, Co**, Ni** and Zn?") were determined’.
The biosorbent (25 g fresh weight = 5 g dry weight) was
taken in a cheese cloth bag and dipped into the lake
waters (2-3 feet deep) for 60 min. The biosorbent was
then removed, washed with distilled water and the
bound metals were eluted with 0.1 N HCl. The eluate
was concentrated and the amount of metals bound was
anaysed by Atomic Absorption Spectrophotometry
(AAS, Perkin-Elnler Model No. 2380). Simultaneously
for comparison of efficiency of the biosorbent, 5 g of
Dowex-50 (Na* form) was taken in a cheese cloth bag
and dipped into the lake waters and the experiment was
carried out as described above for biosorbent.

For the removal of metals from industrial effluents,
biosorbent (2 g) was suspended in 20 ml of the effluent
and incubated on a rotary shaker (100 rpm) at 30 £ 1°C
for 1 h and the amount of metal remaining was analysed.
The biosorbent was reused for 5 cycles after regenerating
with Ca®** and Mg** (0.1 M each) as described earlier'.

Microorganisms haveapplications in selected waste-
water metal removal/treatment systems. However, tox-
icity of metallic contaminants and the highly variable
conditions prevalent in many wastes and processed wa-
ters preclude the use of living organisms and necessitate
the utilization of non-living systems for metal removal.
Metal sorption has been well demonstrated with nonme-
tabolizing and nonliving, microbial biomass'®'*%°, Sev-
eral characteristics of inactive biomass make it an ideal
choice for treatment of metal containing waste waters
and process streams” "~ Inactive biomass, in general, is
not selective in the metal sorbed; rather, it simultane-
ously removes several different toxic and heavy metals
like Cd, Cr, Cu, Hg, Ni, Pb, U, Zn from solution regard-
less of their concentrations. In addition, the biomass has
greater avidity to and removes metals that are relatively
more hazardous, due to its low affinity for alkaline earth
metals (Ca, Na, K, Mg) (ref. 23). -

Most studies described above have been conducted
using metal ions in pure solutions and very few have
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Table 1. Sequestration of toxic metal ions from lake waters.

Amount of metal bound pg/5 g Litre**
Metal M?* in lake - — — - equiva-
10N water pg/i* Biosorbent Dowex-50 lents
Cd* 863+65 333.84+ 1555 B8.69+497  38.7
Cu** 181+145 85.1+41.2 21.94+93 4.7
Zn* 62.3+21 45625+ 11743 {119+673 732
Ni®* 17.98+ 7 00.13+£52.48 6.351+3.37 5.3
Co?* 10.65+ 1.1 84.69%+36.75 7.751+2.95 7.9

*Five samples were collected from the same site of the lake over a
period of one year and pH varied between 7.9 and 8 3,

**(btained by dividing biosorbent-bound metal 1on by the lake wa-
ter metal concentration per iitre.

Biosorbent or Dowex-50 (5 g) placed in a cheese cloth bag and 1m-
mersed into lake water {(2-3 feet deep) for 60 min. The bound metal
ions were desorbed and estimated by AAS (see text).
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Figure 1. Biosorbent (2 g) was suspended in 20 ml of effluent con-
taining zinc (9 g/1) or chromium (420 mg/l) for 60 min. The metal
ion remaining was estimated by AAS. After regeneration, the bisorb-
ent was reused up to § cycles (see text),

used industrial effluents to our knowledge®*™. In the
present study, we have used the polluted effluents di-
rectly without mawipulating their composition. The re-
sults show that cadmium and zinc were more effectively
sequestered from the lake waters at very low concentra-
tions (ppb or pg/1) as compared with other metal 10ns by
the biosorbent. The efficacy of the biosorbent vis-a-vis
equal weight of Dowex-50 indicated the former's supe-
riority in binding metal ions (Table 1). This is due to
Dowex-50 readily binding nonspecifically divalent 1ons
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present in lake waters (like Ca®* and Mg®*), thereby at-
taining saturation with these ions (data not shown) and
being there after unable to sequester toxic ions present
at very low concentrations. If the binding capacity of the
biosorbent is calculated on the basis of litre equivalents,
the biosorbent (5 g) is able to remove almost 751
equivalents of zinc and around 40 | equivalents of cad-
mium: for copper, cobalt and nickel, equivalence was
around 5-101 (Table 1). The metal ion concentrations
noted here are well below the permissible limits sug-
gested by the Indian Council of Medical Research®. It
should be noted here that when the same metal ions were
present in a mixture at high concentrations (25 mM each),
the order of binding by the biosorbent (from pure solutions)
was Cu>Zn>Cd>Co=Ni (ref. 11). This shows that
other unknown factors influence the order of preference for
metal sorption from such heterogeneously polluted waters.

Zinc removal from an industrial effluent (from a bat-
tery manufacturing unit) which contains a high concen-
tration of zinc (9 mg/ml) was highly effective with the
biosorbent; five cycles of biosorbent treatment resulted
in more than 75% metal removal. In another effluent
from an electro plating industry containing chromium
(420 pg/ml), the biosorbent was able to remove more
than 95% of chromium (five cycles). One of the interest-
ing features regarding Zn°* sequestration from effluent
of a battery manufacturing unit 1s that in the first cycle
of use (Figure 1) about 30% of Zn** is remaved by the
biosorbent (60 mg zinc/2 g fresh wt). On a dry weight
basis, this amounts to 15% of biosorbent weight (as dry
weight accounts for 20% of fresh weight). In earlier
studies'', Zn** binding was 9-10% from a pure solution
containing 50 mM (about 3 mg/ml). The higher binding
noted herein is possibly due to a 3-fold higher concen-
tration of Zn"* present in the effluent. The accumulation
of toxic metal ions is based on a mole for mole ex-
change with the resident calcium and magnesium ions of
the biosorbent. The low affinity of Ca** and Mg** ions
for the biosorbent makes them excellent counter ions for
the heavy metals that form more stable complexes with
the unprotonated binding sites. This factor has been
taken as an advantage for the regeneration of the
biosorbent and its repeated use'!.

Ideal properties for a biosorbent are: t} it should se-
quester toxic metal ions both from dilute and concen-
trated solutions, ii) should not face antagonism with
essential metal ions, 1i1) should be reusable, iv) should
not by themselves contaminate the environment. Over-
all, the biosorbent used in the present study has most of
these fcatures. Further scale-up studies are required to
determine the actual potential of this biosorbent for de-
contaminating metal ions from industrial eitluents.

m—.-mwm

I. Volesky, B., FEMS Microbiol Rev., 1994, 14, 291-302,
2. Fourest, E, Canal, C. and Jean Claude, R, FEMS M robiol,
Rev., 1994, 14, 3253312,

1a2Y



RESEARCH COMMUNICATIONS

e s

3. Volesky, B, TIBTECH, 1987, §, 96-101. 17. Kumar, C. S., Sastry, K. S. and Mohan, P. M., Biotechnol. Lett.,
4. Gadd, G. M_, sn Microbial Control of Pollution, {(eds Fry, J. C., 1992, 14, 1099-1102.
Gadd, G M, Jones, C. W., Slabert, R. A. and Watson-Craik, 18. Radha, S. and Seenayya, G., The Sci. of the total Environ..
1), Cambndge Umiv. Press, Cambridge, 1992, pp. 59. 1992, 125, 123-136.
S. Bnerley, C. L., Geomicrobiol. J., 1990, 8, 201-223, 19. Hutchins, S. R., Davidson, M. S., Brierley, J. A. and Bnerley,
6 Macaskie, L. E, J. Chem. Tech. Biotechnol., 1990, 49, 357~ C.L., Annu Rev. Microbiol., 1986, 40, 311-316.
379. 20. Brierley, C. L., in Microbial Mwneral Recovery (eds Ehrlich,
7. Mattuschka, B. and Straube, G., J. Chem. Tech. Biotechnol, H. L. and Bnerley, C. L.), 1990, McGraw-Hill Publishing com-
1993, 58, 57-63. pany, New York, pp. 303-323.
8. Kuyucak, N. and Volesky, B., Biotechnol. Lett., 1988, 10, 137- 21. Wales, D. S. and Sagar, B. F., J. Chem. Tech. Biotechnol., 1990,
142, 49, 345-355.
9. Siegel, S. M,, Galun, M. and Siegel, B. Z., Water, Arr, Soil 22. Gale, N. L., Biotechnol. Bioeng. Symp., 1986, 16, 171-180.
Pollut., 1990, 33, 335-344, 23. Wainwnight, M., An Introduction to fungal Biotechnology, John
10. Akthar, N., Sastry, K. S. and Mohan, P. M., Biotechnol. Lett., Wiley & Sons, Chichester, UK, 1992, 94-101.
1995, 17, 551-556. 24. Lewis, D. A. and Kiff, R. J., Environ. Tech. Lett., 9, 991-998.
11. Akthar, N, Sastry, K. S. and Mohan, P. M., Bio Metais, 1995, - 25. Leuf, E., Prey, T. and Kubicek, C. P., Appl. Microbiol. Biotech-
in press, nol., 34, 688-692.
12. Birch, L. and Bachofen, R., Experientia, 1990, 46, 827-833. 26, ICMR, Indian Council of Medical Research, New Delh, India,
I3. Treen-Sears, M., Volesky, B. and Neufeld, R. J., Biotechnol. 1975, special report, pp. 44.

Bioeng., 1984, 26, 1323-1329.

14. Kuyucak, N. and Volesky, B, Biotechnol. Bioeng., 1988, 33,
809-814.
15. Brauckmann, B. M., in Biosorption of heavy metals (ed.

Volesky, B ), 1990, CRC Press, Boca Raton, FL, pp 51-64.

ACKNOWLEDGEMENTS We acknowledge the financial assis-
tance from the Department of Science and Technologw and COSIST
grant from University Grants Commission, New Delhi; the Depart-
ment of Biochemistry, Osmania University. We thank Prof. K.

16. Paknikar, K. M., Palnitkar, U. S. and Puranik, P. R., in Biohy- Sivarama Sastry for reading the manuscript.
drometallurgical technologies (eds Torma, A. E., Apel, M. L.
and Brierley, C. L), vol. 1l, pp. 229-235, Received 4 July 1995; revised accepted 7 November 1995
1C30 CURRENT SCIENCE, VUOT 69, NO 2 .5 DFCEMBER 1995



