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low concentrations in indoor environment. The synthesis
procedure offers cost-effective alternative to conventional
adsorbent by virtue of single treatment for a wide range
of VOCs. Also, it overcomes the problems associated
with commercial adsorbents, namely activated carbon and
Tenax, like regeneration, analyte catalytic degradation
and polymerization of VOCs. The adsorption efficiency
of SMZ was compared with activated carbon. This re-
vealed that SMZ is more selective for adsorption of VOCs
having a wide range of volatilities. Thus, with enhanced
adsorption capacity for several VOCs, better stability and
regeneration possibility, the use of SMZ-Y as adsorbent
is an advancement for VOC monitoring.

17. Rayalu, S., Meshram, S., Munshi, K. N. and Hasan, M. Z., Highly
crystalline faujasitic zeolites from flyash. J. Hazard. Mater., 2000,
B77, 123-131.

18. William, A. and McClenny, M., Measurement of volatile organic
compounds by the US Environmental Protection Agency Compen-
dium Method TO-17. Evaluation of performance criteria. J. Chro-
matogr., 1998, A813, 101-111.

ACKNOWLEDGEMENTS. We thank Drs N. K. Labhsetwar and A.
Bansiwal, NEERI, Nagpur for useful suggestions during this study. We
express our gratitude for the support and cooperation of the families in
the residential areas during this study.

Received 2 January 2006; revised accepted 31 March 2006

1. Burton, B., Indoor Air Pollution and Health (ed. Bardana, E. J.),
Marcel Dekker Inc., New York, 1997, pp. 127-135.

2. Gammage, R. B. and Berton, B. A., Indoor Air Human Health,
Lewis Publications, New York, 1996, 2nd edn.

3. Guao, H., Lee, S. C., Li, W. M. and Cao, J. J., Source characteri-
zation of BTEX in indoor microenvironments in Hong Kong. Atmos.
Environ., 2003, 37, 73-82.

4. Tlgen, E. et al., Ambient air levels and the exposure of children to
benzene, toluene and xylene in Denmark. Environ. Res., 1997, 75,
149-159.

5. Perez Ballesta, P., Gonzilez Ferradas, E. and Midana Aznar, A.,
Receptor modeling of volatile organic compounds. 1. Emission in-
ventory and validation. Environ. Sci. Technol., 1993, 27, 617-
625.

6. Vega, E., Mugica, V., Carmona, R. and Valencia, R., Effects of
the diffusion membrane on hydrocarbon source apportionment in
Mexico City using the chemical mass balance receptor model. Atmos.
Environ., 2000, 34, 4121-4129.

7. Srivastava, A., Joseph, A. E. and Nair, S., Ambient levels of ben-
zene in Mumbai city. Int. J. Environ. Health Res., 2004, 14, 215-
222.

8. Srivastava, A., Source apportionment of ambient VOCs in Mum-
bai city. Atmos. Environ., 2004, 38, 6829-6843.

9. Strandberg, B., Sunesson, A., Olsson, K., Levin, J., Ljungqvist,
G., Sundgren, M. and Barregard, L., Evaluation of two types of
diffusive samplers and adsorbents for measuring 1,3-butadiene
and benzene in air. Atmos. Environ., 2005, 39, 4101-4110.

10. Woolfenden, E., Monitoring VOCs in air using sorbent tubes fol-
lowed by thermal desorption-capillary GC analysis: summary of
data and practical guidelines. J. Air Waste Manage. Assoc., 1997,
47, 20-36.

11. Blocki, S. W., Hydrophobic zeolite adsorbent: a proven advance-
ment in separation technology. Environ. Prog., 1993, 12, 226—
230.

12. Clausse, B., Garrot, B., Cornier, C., Paulin, C., Simonnot-Grange,
M. H. and Boutros, F., Micropor. Mesopor. Mater., 1998, 25,
169.

13. Baek, Se-Won, Kim, Jeong-Rang, Thm and Son-Ki, Design of dual
functional adsorbent/catalyst system for the control of VOCs by
using metal-loaded hydrophobic Y-zeolites. Catal. Today, 2004,
93-95, 575-581.

14. Haggerty, G. M. and Bowman, R. S., Sorption of chromate and
other inorganic anions by organo zeolite. Environ. Sci. Technol.,
1994, 28, 452.

15. Klatte, F., Chemically impregnated zeolite and method for chemi-
cally impregnating and coating zeolite. US Patent No. 5278112,
1994.

16. Rayalu, S., Labhsetwar, N. and Khanna, P., Synthesis of zeolite-Y
from flyash. US Patent No. 6027708, 1998.

CURRENT SCIENCE, VOL. 91, NO. 4, 25 AUGUST 2006

Aerobic granular biomass: a novel
biomaterial for efficient uranium
removal

Y. V. Nancharaiah, H. M. Joshi, T. V. K. Mohan,
V. P. Venugopalan* and S. V. Narasimhan

Water and Steam Chemistry Division, BARC Facilities,
Kalpakkam 603 102, India

Aerobic microbial granules, self-immobilized micro-
bial consortia cultured in aerobically operated biore-
actors, primarily consist of mixed species of bacteria
ensconced in an extracellular polymeric matrix of
their own creation. Such aerobically grown microbial
granules have attracted considerable research interest
in environmental biotechnology. In recent times, it has
been demonstrated that the granules could be used for
efficient degradation of recalcitrant organic compounds
and for the treatment of a growing number of wastes.
The objective of this study was to investigate whether
aerobic granules could be used as novel biomass material
for biosorption of uranium from aqueous solutions.
The granular biomass for biosorption experiments was
cultivated in a laboratory-scale sequencing batch reac-
tor by feeding with synthetic wastewater. Biosorption
of uranium [U(VI)] was studied at different initial pH
values (1 to 8) and different initial uranium concen-
trations (6 to 750 mg l"l). Biosorption was observed to
be rapid (<1 h) in acidic pH range (1 to 6) compared
to that at pH 7.0 or above. Almost complete removal of
uranium was observed in the range 6-100 mgI™" in
less than 1 h. Redlich—Peterson model gave the best fit
when the experimental data were analysed using dif-
ferent adsorption isotherm equations. The maximum
biosorption capacity of U(VI) was determined to be
218+ 2 mg g dry granular biomass. Further, it was
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observed that cations such as Na*, K*, Mg*?, and Ca**
were simultaneously released into the bulk solution
during U(VI) biosorption, indicating the involvement
of ion exchange mechanism in radionuclide uptake.
Live and dead biomass did not show significant difference
in U removal, indicating the involvement of a passive
sorption process. The study suggests that aerobic
granular biomass has the potential to be employed as an
effective biosorbent material for recovering/removing
uranium (and probably other radionuclides) from dilute
nuclear wastes.

Keywords: Aerobic granular sludge, biosorption, microbial
granules, radionuclide, uranium.

HEAVY metal or radionuclide waste arises from activities
like electroplating, mining, nuclear power generation and
nuclear fuel reprocessing'. Among the radioactive conta-
minants, uranium, neptunium and plutonium are the most
problematic because they pose long-term environmental
risks®. Physico-chemical methods are often expensive to
apply and not always suitable for cost-effective remediation
of contamination. Biological approaches, on the other hand,
offer the potential for removing metal/radionuclide pollut-
ants from dilute solutions, where physico-chemical meth-
ods may not be feasible. Moreover, they can be employed
using both in situ and ex situ methods. Such biological
methods generally use microbial consortia, consisting of
several species of microorganisms in the form of bioflocs
for removing/degrading the pollutants. In natural environ-
ments microbial communities predominantly (~99%) exist
as biofilms’, which often possess significant capability to
immobilize metals. The different mechanisms by which
biofilms immobilize metals or radionuclides include: (1)
biosorption to cell components or extracellular polymeric
substances (EPS), (2) bioaccumulation, (3) precipitation
by reaction with inorganic ligands such as phosphate and
(4) microbial reduction of soluble metal to insoluble metal*®.
Aerobic granular biomass is considered a special form of
biofilm formed without a carrier material (substratum)
and is cultured using sequencing batch reactors®. It basi-
cally consists of mixed species of bacteria held together
by their own extracellular polymeric substances (EPS)'".
Granular biomass has attracted a lot of research interest
because of its characteristics such as superior settling ability,
compact and dense microbial organization, good porosity,
high biomass retention and the ability to withstand fluc-
tuating shock or toxic loadings®''. Such characteristics of
granular biomass implies that it could be considered as
potential candidate for biosorption of toxic substances.
Results of some preliminary studies on the metal immobi-
lization capability of this novel biomaterial have been pub-
lished for a few metals such as cadmium, copper, nickel
and zinc!7, However, no data are available on biosorption
of radionuclides by aerobic granular biomass. It is not
clear whether it could remove metal pollutants from dilute
solutions, where the metal concentration is less than ~20 mg/1.
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Such approach is necessary for developing cost-effective
alternatives to other physico-chemical methods. The main
objective of the study was to investigate whether aerobic
granules could be used as novel biomass for biosorption
of uranium from dilute aqueous solutions. In addition,
experiments were carried out to study mechanistic aspects
of uranium biosorption by aerobic granular biomass. The
significance of the work is that techniques based on microbial
granules could be used for the development of compact
bioreactors for immobilizing uranium from low-level liquid
nuclear waste generated during nuclear fuel cycle operations.

Aerobic granular biomass was cultivated in a 3.0 1 work-
ing volume column-type sequencing batch reactor (SBR).
Briefly, the SBR was inoculated with 800 ml of wastewater
consisting of activated sludge flocs and operated at a cy-
cle time of 6 h. Synthetic wastewater (SWW) was used as
the feed. The chemical composition of SWW, prepared
using tap water, is given in Table 1. Granular biomass
was collected after two months of SBR operation'>'® and
was used in uranium biosorption experiments. Before using,
these granules were separated from coexisting flocs
through sedimentation by simply allowing them to settle
for 1 min and were washed thoroughly with deionized
water. Morphology of the aerobic granular biomass was
determined by capturing images using a digital camera
(Olympus DP70) connected to a stereozoom microscope
(Nikon SMZ1000). Average size of the granules was cal-
culated using the image analysis freeware Imagel] 1.99
(http://rsb.info.nih.gov/ij). Gross microbial composition
of the inoculum and internal microbial organization of the
granules were analysed using a confocal laser scanning
microscope (CLSM) (model Leica TCS SP2 AOBS,
equipped with an inverted microscope Leica DMIRE2).
For confocal imaging, the microbial granules were stained
with 0.01% acridine orange for 15 min and thoroughly
rinsed with phosphate-buffered saline for 15 min. A stained
individual microbial granule was mounted on a cover slip
and imaged using a 63 x 1.2 NA water immersion objec-
tive. The 488-nm line from an argon laser was used for
excitation and the emission was collected by setting the
detection bandwidth between 510 and 550 nm.

Uranium solutions for biosorption were prepared by
suitably diluting a 10.0 g "' stock solution. The uranium stock

Table 1. Composition of synthetic waste water used
as feed for cultivation of granular biomass in the se-
quencing batch reactor (prepared in tap water)

Chemical Concentration (mM)
Acetate 63
Nitrilotriacetate 0.26
MgS0,.7H,0 3.6

KC1 4.7

NH,C1 35.4
K;HPO, 4.2
KH,PO, 2.1
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