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Abstract

Ex situ treatment of hexavalent chromium (Cr(VI)) contaminated soil using a bioreactor—biosorption system was evaluated as a novel
remediation alternative. Leaching of Cr(VI) from the contaminated soil using various eluents showed that desorption was strongly affected by
the solution pH. The leaching process was accelerated at alkaline conditions (pH 9). Though, desorption potential of ethylene diamine tetra
acetic acid (EDTA) was the maximum among various eluents tried, molasses (5 g/L) could also elute 72% of Cr(VI). Cr(VI) reduction studies
were carried out under aerobic and facultative anaerobic conditions using the bacterial isolates from contaminated soil. Cr(VI) reduction was
moderately higher in aerobic conditions than in facultative anaerobic conditions. The effect of various electron donors on Cr(VI) reduction
was also investigated. Among five electron donors screened, peptone (10g/L) showed maximum Cr(VI) reduction followed by molasses
(20 g/L). The time required for complete Cr(VI) reduction was increased with increase in the initial Cr(VI) concentration. However, specific
Cr(VI) reduction was increased with increase in initial Cr(VI) concentration. Sulfates and nitrates did not compete with Cr(VI) for accepting
the electrons. A bioreactor was developed for the detoxification of Cr(VI). Above 80% of Cr(VI) reduction was achieved in the bioreactor
with an initial Cr(VI) concentration of 50 mg/L at an HRT of 8 h. An adsorption column was developed @aimgderm lucidunfa wood
rooting fungus) as the adsorbent for the removal of trivalent chromium (Cr(lll)) and excess electron donor from the effluent of the bioreactor.
The specific Cr(Ill) adsorption capacity 6. lucidumin the column was 576 mg/g. The new biosystem seems to be a promising alternative
for the ex situ bioremediation of Cr(VI) contaminated soils.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction trivalent chromium [Cr(ll)] is relatively less toxic and less
mobile.

Chromium is widespread in the environment and is  The conventional treatment methodology for soils
derived from both natural and anthropogenic sources.and groundwater systems contaminated with hexavalent
Chromium is released into the environment by a large num- chromium is excavation (or) pumping of the contaminated
ber of industrial operations such as electro plating, chromatematerial, addition of chemical reductant, precipitation fol-
manufacturing, leather tanning and wood preservatign lowed by sedimentation, or ion exchange and/or adsorption.
Though chromium exists in nine valence states ranging from These are practiced both in situ and ex situ sys{di3 hese
—2to +6, Cr(lll) and Cr(VI) are of major environmental sig- physico-chemical methods suffer from high costs associated
nificance because of their stability in the natural environment with energy and chemical consumption. The search for new
[2]. Cr(VI) is toxic, carcinogenic, and mutogenic to animals and innovative technology for the remediation of Cr(V1) pol-
as well as humans and is associated with decreased plantution has attracted the attention on the biotransformation
growth and changes in plant morpholog3] In contrast, potential of certain microorganisms. Microbial reduction of

toxic hexavalent chromium to less soluble trivalent form as a
* Corresponding author. Tel.: +91 44 22578318; fax: +91 44 22578281, NOrmal function of their metabolism seems to be a potential
E-mail addressligy@iitm.ac.in (L. Philip). method for the remediation of Cr(VI) contamination.

0304-3894/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhazmat.2005.01.018



110 K.R. Krishna, L. Philip / Journal of Hazardous Materials B121 (2005) 109-117

Many microbes have been reported to reduce Cr(VI) un- 2. Materials and methods
der either aerobic or anaerobic conditigas14]. In addi-
tion some species are capable of reducing Cr(VI) both aer-2.1. Soil samples
obically and anaerobically depending on the oxidation re-
duction potential (ORP) of the environmefit5,16] The Soil samples were collected from chromium contaminated
physiological mechanisms responsible for Cr(VI) reduc- site located at Ranipet, Vellore district of Tamilnadu, India.
tion appear to vary significantly among various organ- The concentration of Cr(VI) in the contaminated soil was in
isms. In some cases intracellular enzymes were responsithe order of 5.1 mg/g. The soil contained 10.2 mg/g of total
ble for Cr(VI) biotransformation, where as in other cases chromium out of which 5.1 mg/g was Cr(VI). The pH of the
Cr(VI) reduction took place extra cellularljp7,18] The soil was 5.96 with an organic content of 6.9%.
carbon source/electron donor preferences also varied con-
siderably depending on the microbial consortia employed 2.2. Nutrient media

[12,14]
Bioaccumulation of metals by various micro- and The general growth medium (M1) for bacteria con-
macroorganismsis reported under various condifib@s22] sisted of peptone (10g), beef extract (2g), yeast extract

The metal uptake can be either a passive process or(1g), sodium chloride (5g/L) in 1L of distilled water. The
metabolism dependent active process. When it is a passivemedia (M2) for Cr(VI) reduction experiments consisted
process, dead microorganisms are preferred over living cellsof KoHPO, (1.06 g/L), +KHPO, (0.2 g/L), MgSQ-7H,0
as it is easy to maintain the reactor system. In such cases(0.5g/L), CaC} (0.05g/L), KNQ; (2 g/L), NaCl (1 g/L), car-
macroorganisms are having an edge over microorganismsbon source (10g/L) and 1 mL of trace element solufii].
due to the elimination of energy intensive solid liquid sep- All media were autoclaved at 12@ and 15 psi for 15 min
aration proces$20] Ganoderma luciduma wood rotting and stored at room temperature until use. A total of five car-
fungus is reported to have very high heavy metal uptake bon sources namely, peptone, dextrose, citrate, molasses and
capacity. Researchers have reported that the specific metasewage were employed in various studies. Agar slants for
uptake capacity of this mushroom is higher than powdered storing the microbial consortiawas prepared by adding 15 g/L
activated carbon (PAC), the most commonly used adsorbentof agar and 50 mg/L of Cr(VI) to general growth media (M1).
(23]

Though many studies were carried out for the treat- 2.3. Cr(VI) desorption studies
ment of Cr(VI) contaminated water/wastewater, not much
research has been carried out on the remediation of Cr(VI)  The various eluents employed in the study were tap water,
contaminated soils either using in situ or ex situ biore- distilled water, citrate (1 M), EDTA (0.2 M), and molasses
mediation techniques. Turick et a[24] demonstrated  (59/L). Tap water with varying pH (2-9) was also used for
the Cr(VI) reduction in a contaminated soil by indige- the study. Schematic of the experimental set up is shown in
nous microbial consortium under anaerobic condition. Or- Fig. 1. The experimental columns were made of glass with
ganic amended soils reduced Cr(VI) in ground water from an internal diameter of 1 cm and a height of 50cm. A con-
1mg/L to less than 5@g/L [25] Under anaerobic condi-  stantflow rate of 5 #m?/h in downward direction was main-
tions, indigenous microbes reduced 65% of Cr(VI) from tained all throughout the study. Soil samples collected from
contaminated soil with the addition of glucose. Tseng the contaminated site was autoclaved, dried, crushed, sieved
and Benefieldt[26] studied the in situ bioremediation and homogenized. The autoclaving was done to remove the
of Cr(VI) contaminated soil by supplying various carbon microbes, which may affect the leaching process, by their
sources. action. A 10 g of the soil was filled in the column for leacha-

Information available on the ex situ treatment of Cr(VI) bility study using each eluent. The effluents were collected at
contaminated soil is scarce. For small volumes of highly con- frequentintervals and analyzed for Cr(VI) concentration. The
taminated soil, ex situ remediation is still a promising alter- operation was continued until the concentration of Cr(VI) in
native. For ex situ treatment, basically three steps have to bethe effluent reached non-detectable limits (0.1 ppm).
optimized, leaching of Cr(lll) and Cr(V1), transformation of
Cr(VI) to Cr(Ill) and subsequent removal of Cr(lll) from the  2.4. Enrichment and cultivation of Cr(VI) reducing
system. bacterial strains

In the present study, development of a biological sys-
tem for the treatment of Cr(VI) contaminated soils is de- The Cr(VI) reducing bacterial consortia were enriched
scribed. The treatment system consists of a leaching col-from the soil samples collected from chromium contaminated
umn followed by an immobilized bioreactor for the bio- site located in Ranipet, Tamilnadu, India. The soil was con-
transformation of Cr(VI) to Cr(lll) and a biosorption col- taminated with the chromium sludge discharged from chro-
umn as a polishing unit. The optimum conditions for leach- mate manufacturing industry. Five grams of soil sample was
ing and biotransformation were evaluated using batch experi-added to 100 mL of sterile growth media M1 with 10 mg/L of
ments. Cr(VI) and incubated in a shaking incubator for 24 h at@5
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Fig. 1. Schematics of the experimental setup for bioremediation of Cr(VI) contaminated soils.

After 1 day, when significant growth was observed, 1 mL of
the supernatant of the slurry was transferred to 100 mL of
fresh nutrient media (M1) and incubated at°8 The con-
sortia used for the Cr(VI) reduction was developed by a series
of transfers at every 24 h by gradually increasing the Cr(VI)
concentration. Once the enriched consortium was ready, bac

terial isolates were prepared by repeated serial dilutions and

streaking on agar plates. Identical colonies were separate
based on their morphology and was streaked on agar slan
using an inoculating needle, and incubated at@%or 24 h
and stored at 4C until needed for further experimentation.

2.5. Screening of enriched cultures and electron donors

The enriched cultures were screened for
chromium(VI) reduction based on their specific chromium
reduction capacity under aerobic and facultative anaerobic
conditions with initial Cr(VI) concentrations of 50 ppm
and 100 ppm. To maintain aerobic condition shake flasks
with cotton plug was used. For conducting experiments
under facultative anaerobic conditions, the reaction mixture
was flushed with nitrogen gas for 2min and immediately
closed the bottles with airtight silicon caps. Peptone was
used as an electron donor for this study. For screening
of electron donors, the most promising microorganism
(the one which gave max specific Cr(VI) reduction during
screening test) from the enriched cultures was employed.
The studies were carried out in aerobic conditions. Five

to monitor the abiotic Cr(VI) reduction. All batch exper-
iments were conducted thrice and the average value is re-
ported.

2.6. Bioreactor for Cr(VI) reduction

The bioreactor Fig. 1) was made out of perplex tubes
i.d.=5cm). The total length of the reactor was 60 cm and

t%he bed height was 50 cm. Corrugated PVC materials (fugino

material) with an approximate diameter of 1 cm and a length
of 1.5 cmwas used as the packing media. The leachate (using
5g/L molasses as eluent) from the soil column along with
mineral medium (M2) was sprinkled over the packed bed
from the top of the reactor at a rate of 95 mL/h corresponding

e to an HRT (hydraulic retention time) of 8 h. The system was

operated in facultative anaerobic conditions without any aer-
ation. Enriched microorganisms were used as the seed for the
reactor. Effluent samples were collected centrifuged and ana-
lyzed for Cr(VI), Cr(Ill) and total chromium, sulfates and DO
daily whereas nitrates and COD concentrations were moni-
tored once in 5 days. DO concentration was monitored at two
places, i.e. 5cm from the top of the reactor and at the bottom
of the reactor.

2.7. Polishing treatment unit

An adsorption columnKig. 1) usingG. lucidum a wood
rotting fungus, as adsorbent was employed as the polishing

carbon sources namely, peptone, acetate, dextrose, molassegit. G. lucidumwas collected from tropical forest of Ker-

and sewage were employed as electron donors for Cr(VI)
reduction. Overnight cultures were harvested by centrifuging
at 5000x g for 10 min and then transferred to 100 mL of
previously sterilized nutrient broth (M2) in 250 mL flasks.
Cr(VI) was then added from a sterilized stock®»0O7
solution so that final Cr(VI) concentration was 50 mg/L.
The microbial concentration in the mixture was 670 mg/L in
all the five flasks, which was maintained by measuring the
optical density. Appropriate controls containing the nutrients
along with Cr(VI) but without cells were always included

ala, India, dried in an oven at 8C for 24 h, and cooled to
room temperature, grounded to a grain size of 1-2 mmusing a
grinder (Sumeet, India) and appropriate sieves. These grains
were soaked in 1N NaOH for 24 h and then washed with
distilled wateruntilthe pH reached 6.8—7.2. The adsorption
column was made of glass (i.d. 1 cm) with a height of 50 cm.
The bed depth was 20 cm. The effluent from the bioreactor
was collected and passed through the adsorption column in
down flow mode with a flow rate of 1.5273%m?/h. The ef-
fluent was collected and analyzed for Cr(VI), total chromium
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and COD regularly. The adsorbent was regenerated using 1N
HCI whenever required.

2.8. Analytical procedures

The samples were collected at pre-fixed intervals and
centrifuged at 4506 g for 15 min. Hexavalent chromium
was determined colorimetrically at 540 nm using diphenyl
carbazide reagent in acidic solution. The samples for to-
tal chromium analysis were first digested with a mixture of
sulphuric—nitric acids and oxidized with potassium perman-
ganate before reacting with diphenyl carbazide and deter-
mined colorimetrically (APHA, AWWA, 1995). Cr(lll) con-
centration was determined by taking the difference between
total chromium concentration and Cr(VI) concentration. The
analysis was counter checked randomly by atomic absorp-
tion spectrophotometer. The chromium content of soil was
determined after digesting the sample as per standard meth
ods[27]. Cell density was determined by measuring the ab-
sorbance using a 1cm cuvette at 440 nm. Cell dry weight
was determined as total suspended solids according to th
procedure of APHA27]. Organic matter concentration was
analyzed as chemical oxygen demand (COD) by employing
closed reflux methof27]. Digestion of the samples was car-
ried out in a HACH COD digester (Hach, USA).

Sulfates and nitrates were analyzed as per standard meth
ods for the analysis of water and wastewdai]. Dissolved
oxygen (DO) was measured using a DO meter (Orion, USA).

3. Results and discussion
3.1. Cr(VI) desorption studies

Present study employed ex situ bioremediation technique
for the treatment of Cr(VI) contaminated soil. The optimum
desorption conditions for Cr(VI) from the contaminated soil
was evaluated. To achieve this, desorption studies were car
ried out using, distilled water, EDTA, citrate, molasses and
tap water. To study the effect of pH on Cr(VI) desorption
from the contaminated soil, tap water with varying pH were
employed. The results are given kig. 2 Cr(VI) desorp-
tion affected significantly by the pH. The percentage Cr(VI)
desorption increased with increase in pH. Desorption was
maximum at high pH and reduced gradually as the pH value
decreased. Cr(VI) concentration in the leachate was in the
order of 100 mg/L in the beginning, but gradually reduced
to non-detectable range (<0.1 ppm) within a few hours. The
study was continued until the Cr(VI) concentration in the
leachate was in the non-detectable levels.

The surface of most of the natural soils is negatively

charged, which favour the adsorption of cations or less nega-

tively charged anions. Cr(VI) in the contaminated soil usually
exists in the form of HCr@~ and CrQ?2- depending on the
surrounding aqueous environment pH. Ata pH above 7, most
of the Cr(VI) exists in the form of Crg¥~ whereas at lower

€
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Fig. 2. Effect of pH on Cr(VI) leaching.

pH, Cr(VI) tends to be in the form of HCt [28] CrOs2~

is weakly adsorbed to the soil compared to HgrQZachara

et al.[29] suggested that C3~ adsorbs onto soil colloids

as a weak outer-sphere complex. Thus, the£r@on is not

held strongly onto soil particles. Intuitively, Cs& can be
readily leached from the soil surface. This may be the reason
for the higher leaching of Cr(VI) at an elevated pH.

The leachability study was also performed using other
eluents like distilled water, citrate (IM), EDTA (0.2 M), and
molasses (5 g/L). Results are showrFig. 3. As expected,
EDTA affected maximum Cr(VI) desorption among the elu-
ents tried. EDTA is a known strong complexing agent with
the metals. But molasses also desorbed around 71% of total
Cr(VI), which was almost same as the amount leached out
by tap water at a pH 9.0. The desorption potential of citrate,
which is a strong organic complexing agent was almost same
as that of molasses. Organic compounds are able to form
complexes with metals though it may not be as strong as
EDTA or cyanide. Distilled water could affect only the metal
ions, which are attached to the matrix due to the weak van

der Waals force. As molasses is available as a waste material
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Fig. 3. Cr(VI) desorption potential of various eluents.
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Fig. 4. Cr(VI) Reduction under Aerobic Conditions by H1 and A2 Bacterial
Isolates. to A2 (50 ppm). This may be the reason for the better perfor-
- . , mance of bacterial isolate H1. Cr(VI) reduction was slightly
from distillery industry, it was selected as the carbon source higher in aerobic condition compared to facultative anaer-
as well as the eluent for the present study. It could desorb the i conditions. Tseng and Benefie[@6] also reported a
same amount of Cr(V1) under the worst conditions that can ysner cr(vI) reduction by indigenous microbes under aero-
existin the field. Dry autoclaved soil was used for leachabil- - - ition especially when the initial Cr(V1) concentration
ity study. Hence, the chance of biotransformation of Cr(Vl) a5 higher. Anaerobic microbes are usually more sensitive to

in presence of organic matter is ruled out. toxic compounds like heavy met4B0] There was no Cr(VI)
reduction in the control reactor with out any microorganisms,
3.2. Evaluation of optimum conditions for Cr(V1) which demonstrates the role of microorganism in the reduc-
reduction tion of Cr(VI1). As aerobic systems require more energy for
aeration compared to facultative anaerobic systems, it was
3.2.1. Screening of the enriched microbial cultures decided to develop a reactor working on facultative anaero-

Bacterial isolates collected and enriched from the pjc conditions.

chromium-contaminated soils were screened for their Cr(VI1)

reduction potential under aerobic and facultative anaerobicg 5 5 Screening of electron donors

conditions. The bacterial culture H1 isolated from a well in The Cr(VI) reduction studies were carried out using var-

the contaminated site showed high reduction potential com-;,,s electron donors such as peptone, molasses, dextrose,

pared to A2 which was isolated from a marshy place in the ge\yage, and acetate to find out the most effective and eco-

vicinity both in aerobic and facultative anaerobic conditions qmical one. Among the electron donors screened, peptone

(Figs. 4 and  The Cr(V1) concentration in the surrounding 504 molasses showed almost same Cr(VI) reduction as shown

was much higher in case of H1 (above 500 ppm) comparedjn Fig. 6 Molasses was selected as electron donor for fur-
ther studies, as it was available plenty as a waste material

100+ in the vicinity. Moreover, by employing molasses, the treat-
90 0 50ppm A2 01 50ppm H1 ment cost can be considerably reduced which is an added
804 100ppm A2 B 100ppm H1 advantage especially for developing countries.
'§ 70 |
2 0. fn Intabomass g 3.2.3. Effect of initial Cr(VI) concentration
e H 550 mg/L = The initial Cr(VI) concentration affected the Cr(VI) reduc-
S 501 H | tion. The time required for the Cr(VI1) reduction was increased
S 40 H ‘\\ with increase in initial Cr(VI) concentratioffF{g. 7). But the
* 30 EE Ei\ rate of Cr(VI) reduction was the same for various concentra-
20 + EE\ tion ranges tried. The isolated bacteria were able to reduce
E8 EE\ even 400 mg/L of Cr(VI). But above 200 mg/L the complete
107 H Ei\ Cr(VI) reduction was not observed even after 4 days. The
0 specific Cr(VI) reduction was increased with an increase in

1 2

Incubation period, days the initial Cr(VI) concentration may be due to the inhibi-

tion effect of Cr(VI) at high concentration which might have
Fig. 5. Cr(VI) reduction under anaerobic conditions by H1 and A2 bacteria. reduced the biomass production. Since the specific Cr(VI)
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= Molasses Electron Concentration Cr(VI)
g 400+ concentration (g/L) acceptors of electron reduction
=3 —-©—-50ppm  —B5-100ppm
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= —%—150ppm  —&—200ppm .
";E: 300+ —A—300ppm  —e—400ppm 10 SQ gO ;;(;2
§ 100 72.08
2. 200 200 74.24
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= 10 NGs~ 0 70.68
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T , : . . 100 71.28
0 3 15 14 30 73.5 97.5 200 72.08
Incubation period, hrs 300 717
400 71.28
Fig. 7. Effectof Initial Cr(VI) concentration on biotransformation of Cr(VI).  Initial Cr(VI) concentration — 50 mg/L, initial biomass concentration —

330mg/L.

concentration was calculated per unit biomass, the de.c.reas%mployed in all the cases (results not shown). Cr(VI) reduc-
in biomass concentration increase the value. No significant

L . tion was very insignificant in the controls.
Cr(VI) reduction in the control (<2%, data not shown) in- ynsig

dicates that the abiotic Cr(VI) reduction is negligible in the 3.3. Immobilized reactor for Cr(V1) reduction

system.

. Once the optimum condition for Cr(VI) reduction was
3.2.4. Effect of electron donor concentration on Cr(V1) established, an immobilized bioreactor was designed and op-
reduction erated to evaluate the performance of the system. The results

As the concentration of electron donor increased, the ef- gre presented ifig. 9. Initially the bioreactor was fed with
fective Cr(VI) reduction was also increased to a certain extent 1 mg/L of Cr(VI) along with nutrients (M2) with 5 mg/L of
afterwards it remained as a constalfig( 8). There was N0 mgjasses. The bioreactor could achieve 90% of Cr(VI) re-
substrate inhibition observed. Initially the system followed q,ction within seven days of operation. The influent Cr(VI)
a first-order kinetics with respect to substrate concentration cqncentration was increased to 20 mg/L on the 8th day of
gradually it turned to zero order as the concentration of mo- operation. Once the reactor could affect more than 80% of
lasses increased. Cr(VI) reduction in the presence of otherCr(V|) reduction, the influent Cr(VI) concentration was in-
oxi-anions like sulfate and nitrate were evaluated. Sulfate or creased. Even at an initial concentration of 50 mg/L, the re-
nitrate ions up to a concentration range of 400 mgkfe J actor could achieve more than 80% efficiency in terms of
could not affect the Cr(VI) reduction. Cell free controls were Cr(VI) reduction. Though the biomass concentration in the

reactor was increased continuously, there was no clogging or

100 extra pressure drop in the system. The system was operated
in facultative anaerobic conditions without any external air
supply. The Dissolved oxygen was completely consumed by
the facultative microorganisms within 5 cm length of the re-
actor. There was no significant change in sulfate and nitrate
Initial biomass conc. - 620mg/L concentrations in the influent and effluent of the bioreactor
Incubetion period -24hes shows that S¢%~ and NG~ were not reducing in the system.

The total chromium concentration in the influent and ef-
fluent remained almost same. This shows that there was no
accumulation of Cr(lll) or Cr(VI) in microbial cells. En-
tire Cr(VI) transformed remained in the solution. From this,
one may conclude that some extra cellular enzymes medi-

@
o
L

[2]
o
'

% Cr(VI) reduction
s
[=]

20 4

0 : ; , . ; ! ate the Cr(VI) reduction. Cr(lll) usually react with water to
0 2 4 e ® L 12 form Cr(OH) in natural environment and get precipitated.
Molasses concetration, g/L As discussed earlier, Cr(Ill) forms complexes with organic

_ _ , matter which in turn increase the solubility of the particular
Fig. 8. Effect of carbon source concentration on Cr(VI) reduction, (a)

Cr(VI) concentration in influent and effluent; (b) COD—influent and ef- species. As the ligand (organic matter) was abundantly avail-

fluent; (c) Cr(Ill)—influent and effluent; (d) DO—influent and effluent; (¢) able, which p.revented t_he prec_ipitation Of. Cr(lll) as Cr(@H)
Sulfate—influent and effluent; (f) Nitrate—influent and effluent. and kept entire metal in solution. The dissolved oxygen of
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Fig. 9. Performance of immobilized bioreactor.

the effluent was in the range of 0—-0.3 mg/L. From this it is fluenttoinland or surface water. To treat this effluent, a polish-
clear that the system was working under facultative anaerobicing treatment system was designed and its performance was
conditions. evaluated. An adsorption column usi@g lucidum,a wood

To see the effect of HRT on Cr(VI) reduction, the HRT of rooting fungi, as adsorbent was used as the post-treatment
the system was reduced from 8 to 4 h and Cr(VI) concentra- unit. The column was filled with the adsorbent. The effluent
tion was monitored in the effluent. With the influent Cr(VI) from bioreactor on 47th day was collected and passed through
concentration of 50 mg/L the reactor could affect more than the adsorption column. The effluent Cr(lll) and COD concen-

60% Cr(VI) reduction at an HRT of 4 h. trations were monitored at regular intervals. The performance
of the post-treatment unit is given iig. 10
3.4. Performance of the polishing treatment unit The adsorption column was able to remove more than

95% of Cr(lll) in the initial 3h. There after Cr(lll) sorp-
The effluent from the Cr(VI) reducing bioreactor was hav- tion was gradually decreased, as the adsorption capacity of
ing a high concentration of Cr(lll), organic matter and some the adsorbent depleted. The study was continued until the ad-
un-transformed Cr(VI). Itis not advisable to discharge this ef- sorption column was exhausted. The column was completely
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exhausted after 36 h and during this period less than 5% of

Cr(lll) adsorption was observed. The maximum adsorption
capacity ofG. lucidumwas calculated based on the break
through curve and was found to be 576 mg/g. Removal of

carbonaceous material by the adsorption column was also

monitored. The presence of organic matter significantly af-
fected the Cr(lll) adsorption. The organic matter present in
the influent might have competed with Cr(lll) for adsorption
sites. This may be the reason for reduction in Cr(lll) adsorp-
tion capacity within a short time.

The adsorption of organic matter was less compared to
that of Cr(Ill) by the adsorption columri{g. 11). Though

the column was not able to remove organic matter completely

it was effective in the removal of Cr(lll). The complete or-
ganic matter removal can be achieved by other relatively sim-
ple biological means if necessary. Supplying less quantity of

molasses to the biosystem can reduce the COD of the efflu-

ent. To optimize this process further studies are required. In
short, the Biosystem for Cr(VI) biotransformation followed

by the polishing unit seems to be effective for the treatment
of Cr(VI) bearing waste. Moreover, the system is economi-
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Fig. 11. Breakthrough curve for COD.
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cal and environmental friendly as it is utilizing only naturally
available waste materials.

4., Conclusions

The isolated microbial consortium from contaminated soil
showed good Cr(VI) reduction capacity. The microbes were
able to sustain a high Cr(VI) concentration in the order of
400 mg/L. The influence of pH was significant in Cr(VI)
desorption. The Cr(VI) desorption was enhanced at alkaline
conditions (pH 9). Among the five eluents employed, EDTA
(0.1 M) had the maximum desorption capacity. However, mo-
lasses also showed significant amount of Cr(VI) desorption
capacity. The initial Cr(VI) concentration and carbon source
employed affect the Cr(VI) reduction capacity. Molasses
showed high feasibility as an electron donor. Presence of sul-
fates and nitrates did not inhibit the Cr(VI) reduction in the
system. The time required for Cr(VI) reduction was increased
with the increase iniinitial Cr(VI) concentration. However, the
specific Cr(VI) reduction also increased with the increase in
the initial C(VI) concentration though the reduction rate was
almost same. The Cr(VI) reduced effectively in immobilized
bioreactor. More than 80% Cr(VI) reduction was observed
for 50 mg/L of Cr(VI) concentration within 8 h. Adsorption
column of powdereds. lucidum,showed promising Cr(lll)
removal capacity. Moreover, the system also removed the un-
spent organic matter. The biosystem developed in the present
investigation is a viable treatment option for chromium-
contaminated soils. The system is environmental friendly, as
it is utilizing only naturally available waste materials.
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