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ABSTRACT 
Toxic metal species are generated  from industrial activities and fossil fuel usage and are in 
the end accumulated through the food chain, leading to serious ecological  and health 
problems. Hexavalent chromium (Cr (VI)) has many industrial applications and often causes 
environmental contamination in sea and fresh water sediments. There are different 
mechanisms of chromate detoxification demonstrated by microorganisms. A variety of 
organic compounds have been examined for their effects on chromate reduction and their 
utilization as carbon and energy source for chromate reduction. This study focuses on the 
enrichment of a primary microbial consortium obtained from soil and water, propagated in 
green tea extract from which subsequent enrichments have been used for chromate 
detoxification at 10, 50, 100 µg/ml dichromate with and without a carbon source. The 
uptake has been studied in stationary and shake flasks. The determination of residual tannin, 
cell density, chromate stoichiometry, time duration and optimum parameters for chromate 
reduction has been checked in this study.  
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INTRODUCTION 

Chromium pollution is one of the most 
important environmental concerns as a large 
number of industries including tanning, metal 
electroplating, iron and steel and inorganic 
chemical industries are using chromium. 
Release of untreated effluent can further 
result in its entry in to the food chain. Cr is 
unique among the heavy metals because it 
naturally occurs in several oxidation states.1  
Hexavalent chromium, due to its high 
solubility and thus mobility is several times 
more toxic than trivalent chromium which is 
formed as a result of microbial activities. 
Discharge of industrial effluents containing 
metallic solutions, dumping of solid waste 
which contains metal salts and some 
agricultural practices introduce toxic metals 
in various wastewaters.2 Tannins are water-
soluble polyphenolic compounds, recalcitrant 
to biodegradation and with wide prevalence in 
plants. Hydrolysable and condensed tannins 
are the two major classes of tannins. 3  

AIMS AND OBJECTIVES 
To study the double remediation of tannin as 
well as chromate using fungal and bacterial 
isolates. 

MATERIAL AND METHODS 
Isolation of organisms from tea garden soil 
samples 
Soil samples (1g) collected from a tea garden 
was transferred to 3 different formulations of 
green tea extract medium. In order to prepare the 
medium, 5gm of  green tea was boiled in 100 ml 
of water for 10 minutes (Set I).To this extract 
either 0.01 % yeast extract (Set II) or 0.1% 
Ammonium sulphate  (Set III)  or both (Set IV)  
were added and distributed in 25 ml quantities in 
flasks and autoclaved. The flasks were kept on a 
shaker at room temperature for 5 days. The 
medium was also prepared with agar and used 
for isolation of fungi (pH 6.0) and bacteria (pH 
7.0). All isolates were maintained on Set IV tea 
extract medium. Fungi were identified using 
standard techniques such as colony features, 
microscopic characterization of spores etc.  *Author for correspondence 
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Bacterial  cultures were characterized by Gram’s 
staining and microscopy. Chromate concentra-
tion was gradually increased from 10 to 100 
µg/ml in the tea extract medium and isolates 
were inoculated for acclimatization.  
Estimation of tannin degradation by the 
screened fungal and bacterial isolates 
 Five of the fungal isolates and 6 bacterial 
isolates were inoculated in Set IV Tea 
extract media. The fungi were inoculated 
using a sterile borer (5mm) that was used to 
transfer mycelia plugs (2 / flask) from the 
growing edge of the colonies. Bacterial 
suspensions (A600=1.0) was transferred at 1% 
level to the same medium. The flasks were 
transferred on to a mini rotary shaker (REMI 
RS 12R) and incubated for 5 to 7 days. 
Initial tannin in controls and tannin 
utilization thereof was estimated using a 
titrimetry as in the Tocklai Lowenthal 
method4 using indigo carmine as an 
indicator. Chromate uptake in the above 
mentioned tea extract medium was also 
observed at 100µg/ml dichromate. 
Plate assays for detection of chromate 
reduction 
The ability of screened isolates to carry out 
chromate detoxification was determined in 
plate cultures on Czapekdox medium 5or 
minimal medium6 containing 50 µg/ml 
Cr(VI). Plates were flooded with diphenyl-
carbazide after 3 to 5 days of growth. 
Colonies surrounded by a yellow halo 
against a magenta coloured background were 
indicative of chromate reduction.  
Chromate uptake in growing fungal 
biomass 
Flasks containing Czapekdox broth was 
inoculated with the spore suspension of the 
fungal cultures and incubated on a rotary 
shaker for 2 days. This was followed by 
chromate addition at 100 µg/ml. Initial 
chromate was estimated as before. Residual 
chromate and dry weight estimations 7 were 
done after a total of 72 hours incubation. 
Determination of Cr(VI) reducing activity 
of cell–free  extracts  and fungal biomass 
The ability of the fungi to reduce hexavalent 
chromium in solution was studied using 
growing biomass or the cell free supernatants 

of Czapekdox media. The mycelial mat that 
developed out of 2 mycelial plugs after 5 
days incubation was either transferred to 
flasks containing 100µg/ml chromate in 
distilled water (pH 6.0) 8 or homogenized 
and centrifuged at 3000 rpm to get the cell 
free supernatant.7 The supernatant was added 
with 100µg/ml chromate. Chromate uptake 
was noted after 48 h using the diphenyl 
carbazide method. 9 
Chromate uptake in reused biomass in 
presence of glucose  
The ability of the biomass to carry out chromate 
reduction was tested in 1% Glucose distilled 
water that was adjusted to pH 6.0 using 1N 
HCl. The biomass that was used earlier for 
100µg/ml Cr (VI) uptake was washed 
thoroughly in distilled water and used for 
chromate uptake at 100 µg/ml. Residual 
chromate was noted after 24h as before. 
Studies on biosorption 
Biosorption studies were carried out as per 
the procedure of Akponah. 10 The prevailing 
weight of the biosorbent (dried mycelia mat) 
was introduced in to 10ml of  100 µg/ml 
chromium containing flask for 24h at room 
temperature on a rotary shaker. At the end of 
incubation period, the biomass was separated 
by centrifugation at 8000rpm for 10min and 
supernatants were analyzed for residual 
metal concentration using  diphenyl 
carbazide reagent. The heavy metal uptake 
by the biosorbent [q (µg hexavalent 
chromium /g dry cells)] was calculated  as : 
 

q = 
V(L) x (Ci – Cf)(mg/L) 
                S(g) 

Where, 
q = heavy metal uptake 
V = volume of metal solution 
Ci = initial concentration of metal in solution 
Cf = final metal concentration in solution 
S = mass of dried cells 
Chromate uptake in mixed fungal and 
bacterial cultures 
Chromate uptake was noted in mixed bacterial 
and fungal cultures in glucose distilled water (pH 
6.0). Each bacterial culture was adjusted to 
O.D600 of 1.0. Five ml of each culture suspension 
was pooled and 10% of  the  mixed  inocula was 
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transferred to the above mentioned medium. 
Mycelial plugs to be transferred was decided on 
the basis of specific chromate remediated. 100 
µg/ml Cr(VI)  was added and chromate uptake 
was determined as before. 

RESULTS AND DISCUSSION 
The tannin utilizing ability of 5 fungal and 6 
bacterial isolates was   determined using the 
KMnO4method. The results are as per   
Table 1 and Table 2. 

Table 1 : Tannin utilization by fungal isolates after 7 days incubation at room  
temperature in shake flasks 

Fungal isolates Initial % water 
soluble tanin 

% residual 
tannin 

% Tannin 
utilized 

% chromate 
uptake 

 Fusarium 4.25 2.312 45.6 12.8 
 Aspergillus nidulans 4.25 1.687 60.31 28 
 Aspergillus fumigatus 4.25 3.375 20.59 10.3 
 Aspergillus niger 4.25 0.8125 80.89 34.1 
 Penicillium sp. 4.25 1.6875 30.70 11.15 

Table 2 : Tannin utilization by bacterial isolates after 5 days incubation at room 
temperature 

Bacterial 
isolates Morphology of the isolates Initial % water 

soluble tanin 
% residual 

tannin 
% Tannin       

utilized 
BT Gram positive rods 4.25 4.10 3.53 
CT Gram positive cocci  in clusters 4.25 3.92 7.77 
DT Gram positive cocci  4.25 4.00 5.89 
ET Gram positive rods 4.25 3.412 19.8 
FT Gram positive small cocci 4.25 2.2 48.24 
GT Gram positive cocci  4.25 3.682 13.3 

It may be observed from Table 1 and  Table 2 
that fungi utilized tannin better as compared with 
the bacterial isolates. Tannins are known to 
inhibit the growth of microorganisms being 
recalcitrant to biodegradation.3 The results are 
however contrary. 
It may be observed form Table 3 that fungi 
showed a better  chromate   reduction  than  the  

bacterial cultures. The size of the halo around 
the colonies is proportionate to the amount of 
chromate reduced.  Cr(VI) is an element which 
will form octahedral complexes with ligands, 
the ligand in this case is 1,5 diphenyl 
carbazide. The highest chromate reduction in 
plate assays was by Aspergillus niger  
followed by A. nidulans. 

Table 3 : Plate assays for confirming the Cr(VI) reducing ability of the isolates  
at 50 µg/ml Cr(VI) 

Fungal cultures Diameter of the 
halo (cm) 

Bacterial 
cultures 

Diameter of the 
halo(cm) 

Fusarium 2 BT 0.8 
Aspergillus nidulans 1.6 CT 1.0 
Aspergillus fumigatus 1.2 DT 0.7 
Aspergillus niger 3.1 ET 0.8 

Penicillium 1.1 
FT 1.1 
GT 0.4 
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Chromate uptake was in the range of 10 to 
30% for fungi and 11 to 41% for bacterial 
isolates. Growing biomass showed a 
comparatively lower chromate uptake. It has 

been reported by a number of researchers 
that chromate exerts a far greater toxicity     
to growing cells than non growing cells 
(Table 4). 

Table 4 : Chromate uptake in growing biomass after 24 h at room temperature and  
72 h of incubation 

Fungal isolate %  chromate uptake /mg 
dry weight of mycelia 

Bacterial 
culture 

%  chromate 
uptake /mg wet 
weight of cells 

 Fusarium sp. 12.13 BT 23 
 Aspergillus nidulans 12 CT 26 
 Aspergillus fumigatus 27.28 DT 41 
 Aspergillus niger 30.31 ET 32 

 Penicillium sp. 10 FT 11 
GT 17 

It may be seen from Table 5, that cell free 
extracts showed hexavalent chromate  reduc-
tion in the range of 13 to 24% which more or 
less similar to the uptake by whole cells. There 
may be some enzymatic reductions of 
chromate   as   heating   of  the cell free extract  

resulted in loss of activity of the extract, 
indicating that the extract contains catalytic 
proteins. Reused biomass consisting of dead 
and live cells also showed appreciable 
chromate uptake with addition of glucose in 
the uptake medium (Table 6). 

Table 5 : Determination of Cr(VI) reducing activity of cell–free  extracts  and live fungal 
biomass in distilled water (pH 6.0) at 100 µg/ml Cr(VI) in 6 h 

Fungal isolates 
%  

chromate 
uptake 

Cell free extracts %  chromate 
uptake 

 Fusarium sp. 12  Fusarium sp. 23.69 
 Aspergillus nidulans 19  Aspergillus nidulans 13.16 
 Aspergillus fumigatus 11  Aspergillus fumigates 15.79 
 Aspergillus niger 15  Aspergillus niger 25 
 Penicillium sp. 10  Penicillium sp. 15 

Table 6 : Chromate uptake in reused biomass in presence of glucose as an electron donor 

Fungal isolates %  chromate uptake 
 Fusarium sp. 72.98 
 Aspergillus nidulans 63.52 
 Aspergillus fumigatus 71.63 
 Aspergillus niger 100 
 Penicillium sp. 21.63 

It has also been referred that the 
biotechnological exploitation of microbial 
biosorption and bioaccumulation technology 
for removal of heavy metals from wastewater 
and industrial effluents depends on the 
efficiency of the regeneration of the microbial 
biomass for reuse in multiple cycles.11 It may 
be observed from Table 1 that when tannin 
was   used   as   carbon source chromate uptake   

reduced  substantially.  It  has  been  reported 
by Liu et al.12 that bacterial Cr (VI) reduction 
was enhanced significantly by addition of 
glucose. According to Prasenjit and Sumathi13 , 
the initial rate of chromium uptake is enhanced 
by higher biomass concentrations and the 
presence of glucose. It has been reported by 
Shugaba et al.7 that throughout the growth 
period, Cr (VI)   concentrations were lower in 
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cultures containing glucose compared to those 
with acetate and tannin as carbon sources. This 
finding suggests that glucose and acetate as 
carbon and energy source support Cr (VI) 
reduction better than tannin.  
It may be observed from Table 4 and Table 7 
that chromate uptake differed widely when live 
biomass (Table 4) or dead biomass (Table 7) 
was used. This shows that bioaccumulation that 
requires the cell to be viable was not the only 
method of chromate uptake in the fungi selected 
for this study. It is more likely to be biosorption. 
It has been reported by Desjardin et al. 14 that  
bioaccumulation is a growth dependent process 
by which microbial cells sequester metals ions 
intracellularly by an active metabolic process, it 
is therefore mediated only by the living biomass  
In biosorption, the microbial biomass binds 
substantial amounts of metal ions by a passive 
process mediated by living and non – living 
biomass.  
Aspergillus niger was evaluated in shake flask 
culture  and  absorption  of  chromium was 75%  

at pH 6.15,16 The biosorption of chromium by 
dead cells chromium of Pseudomonas sp is 4.8% 
in initial stage and the absorption is increased to 
49.6% at 240 minutes. Sudha Bai et al.,16 have 
showed that the dead fungal biomass behaved 
like inorganic adsorbents, the pH of the medium, 
concentration of the metal ion, contact time and 
agitation influence the metal bioadsorption. 
Mixed fungal plugs showed a higher and steady 
chromate uptake within 24 h. Pooled bacterial 
consortium also shows a higher uptake as 
compared to individual isolates. Microorganisms 
exist as mixed cultures in an environment and 
hence the ability to detoxify chromate is carried 
out using a host of different processes such as 
cell surface precipitation, enzymatic reduction, 
metal sequestration, cell surface sorption etc all 
of which may not be possessed by a pure culture. 
Thus a consortium may be better than a pure 
culture. It has been reported by Joshi   that the 
frequency of appearance of resistant bacteria to 
specific heavy metals may be correlated with 
increasing loads of metals in the environment17,18 
(Table 8). 

Table 7 : Biosorption studies using dried fungal biomass 

Fungal isolates Weight of biomass(g) µg of hexavalent chromate/g 
of dry cells 

 Fusarium 1.140 87.71 
 Aspergillus nidulans 1.180 84.74 
 Aspergillus fumigates 1.070 93.45 
Aspergillus niger 1.231 81.23 

Table 8 : Chromate uptake in mixed fungal cultures at 100µg/ml Cr (VI) in glucose distilled 
water (pH 6.0) 

Cultures used 
Number of mycelia 

plugs used 
%  chromate uptake 

6 h 12h 18h 24h 
 Fusarium 5 

21.34 41.34 60 100 
 Aspergillus nidulans 2 
 Aspergillus fumigatus 2 
 Aspergillus niger 5 
 Penicillium sp. 2 
6 bacterial cultures in 
equal proportion - 10.47 19.77 44.19 66.28 

CONCLUSION 
Hexavalent chromium is an almost indispensable 
heavy metal that has wide usage and is extremely 
toxic. Fungi have been isolated that could utilize 
tannin as a carbon source could also remediate 
chromate   more   so   in   presence   of   glucose.  

Bacterial isolates could also remediate chromate 
in pure as well as mixed cultures. Mixed cultures 
showed a faster chromate uptake. It can be 
concluded that dead cell biomass can be 
exploited as biosorbents and its efficiency can be 
improved with further pretreatments. 
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