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Abstract: An environmental bacterial mixed culture, Consortia Culture (CC), was employed in this study to
assess and demonstrate the extent of Cr(VI) reduction and uptake by cells at concentrations ranging from 1 to
100 mg L . Growing (active) cells of CC displayed higher overall mean Cr uptake (50.74 mg g  DW), with1 1

elevated mean Cr reduction (0.1021-1.5379 mg g  h ) and accumulation rate of 0.1988-3.0873 mg g  h1 1 1 1

compared to non-growing (inactive) cells over a period of 96 h. Removal of Cr from the culture medium by CC
appears to be attributed to accumulation or cellular uptake rather than reduction to Cr(III). 
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INTRODUCTION chemical  reduction  followed  by  precipitation,

In recent years, the use of biological methods and fly  ash and on ion exchange and chelating resins.
particularly  microbes  to  remove  metallic  ions from These processes are energy and cost intensive and
liquid effluents has received greater attention over the inefficient at low concentrations, producing by-products
conventional physico-chemical methods. Heavy metal of toxic sludge [2, 5].
biosorption studies undertaken thus far concentrate on Studies on chromate (CrO ) removal in Cr-resistant
the  ability of pure microbial species to remove cations bacterial systems have indicated the onset of reduction
and there is very little documentation on the use of a and  the  possible  uptake of the anion by the organisms
mixed bacterial consortium encompassing Gram positive [1, 6, 7]. Three possible  ways  for  CrO    removal from
and Gram negative cultures [1, 2]. Consortia cultures are Cr   contaminated  waste  waters  have  been  proposed;
better equipped in terms of metabolic and removal i) reduction to Cr(III) by bacterial cells and precipitation
capability. Moreover, the consortia would be more outside the  cell  and  into the solution, ii) accumulation of
suitable for field application taking into account the Cr (both hexavalent and/or trivalent forms) by the cell
aspect of competition and survival. biomass or iii) a combination of these two processes [2, 3].

Cr  is present  in  waste  water  from  activities such There is no conclusive relationship between reducing
as metal  finishing,  metal  plating,  petroleum refining, ability, resistance and metal accumulation capacity and
chrome tanning, textile manufacturing and wood they  appear  to  be  governed  by the microbes involved
processing to name a few [1, 3, 4]. Hexavalent chromium, [1, 8]. A combination of metal resistance and enhanced
which occurs as chromate (CrO ) and dichromate metal removal capacity would be an advantage for the4

2

(Cr O ) in natural waters are very soluble and are development of a good biosorbent. 2 7
2

reported to be carcinogenic and mutagenic to living This work reports an investigation on the extent of
organisms   [4].   When  reduced  to  the  trivalent  form chromate  reduction  and chromate uptake/accumulation
(Cr(III))   they  are relatively insoluble, more stable and in both growing and non-growing mixed bacterial
less toxic than the parent compounds. Conventional populations which have been isolated from the
treatment methods for toxic chromate removal include environment.

adsorption  on  coal,  activated  carbon, alum, kaolinite
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MATERIALS AND METHODS Non-growing  (inactive)  cells:  Tests  were  done in

Bacterium consortia: The bacterial consortium,  termed dry weight biomass.
as Consortia Culture (CC), consists of six Gram negative
(Pseudomonas sp., Serratia sp., Flavobacterium sp., Metals: Cr(VI)  was added to the medium to set the
Chryseomonas sp., Xanthomonas sp. and Agrobacterium desired  concentration  from the concentrated sterile stock
sp.) and three Gram positive (Bacillus sp., Arthrobacter solution of K CrO  which was prepared with NANOpure
sp. and Micrococcus sp.) environmental isolates. Bacterial deionised water. No precipitation occurred and the
isolates include a combination of strains isolated from solution chemistry of Cr shows Cr (VI) is dominant as the
point and non-point sources in areas related to metal- chromate or dichromate species at pH 6.8±0.2.
based activities. The isolates were screened intensively
and developed from a pool of mixed cultures [9]. Effect of Cr(VI) on microbial growth: To assess the effect

Media and growthconditions: The Consortia Culture (CC) NB containing Cr (VI) at 1, 10, 20, 40, 60, 80, 100 mg L .
was maintained at room temperature in basal media Suspensions of growing cells were incubated as batch
containing  (in g L  ): yeast extract (0.5), peptone (0.5) cultures for 96 h. Growth of the bacteria was monitored1

and  NaCl  (8.5)   with  fortnightly media refreshments. periodically  (0,  2,  4,  6, 8, 10, 12, 24, 36, 48, 60, 72, 84 and
Two types of culture i.e. growth culture and enrichment 96 h) by measuring the OD at 600 nm [7]. 
culture were  initiated  and  employed  for inocula
preparation. The two cultures would provide the  best Metal removal and kinetic studies of Cr(VI): Batch
working  inocula, as growth culture would ensure cultures  containing  varying  concentrations  of  Cr (VI)
maximum biomass production while enrichment culture (1, 10, 20, 40, 60, 80 and 100 mg L ), at an initial pH of 6.8
(initially  enriched with 1 mg L  of each Pb (II), Cu (II) were  incubated  at  room  temperature. The amount of1

and Cr (VI)  and  subsequently  increased  to 10 mg L ), total Cr (in cells and media) and Cr(VI) (in media) were1

would generate  a  metal acclimated bacterial community. determined after 0, 6, 12, 24, 36, 48, 60, 72, 84 and 96 h. The
All tests were carried  out  in  stationary  mode  at  room amount of Cr(VI) reduced to Cr(III) is given by: total Cr-
temperature (28-30°C) with an initial pH of 6.8±0.2. Cr(VI) in the solution [10]. The amount of Cr(VI) reduced
Microbial growth was monitored by optical density (OD) to Cr(III) was compared to the amount of Cr accumulated
at 600 nm. in the cells (Cr mass balance) within the time tested and

Inocula preparation: Aliquots from both growth and populations were determined. Metal loading (q ) of
enrichment cultures (0.5%,v/v) were inoculated into 10 mL biomass was calculated using the general definition q =
nutrient  broth (NB) and incubated at room temperature C  (V)/w, where q  is the metal loading (mg metal g  DW)
for 48  h. Cell  biomass  was  separated  by centrifugation in solution, V (mL) and C  is the amount of Cr (mg L )
(4000 rpm, 10 min). Pellets were washed, re-centrifuged contained in the biomass of known dry weight, w (mg) [2].
and rinsed twice before being re-suspended in either NB Cells were removed by centrifugation and were
or  sterile deionised distilled water ddH O. Cell density digested with concentrated HNO  at 60-65°C for 15-16 h2

was standardised at OD  of  0.500 (containing approx. prior  to total Cr determination. Concentrations of Cr(VI)600

10  cells mL ) and served as the source of inocula. A in the media was determined spectrophotometrically using7 1

standard curve was prepared to estimate the biomass the diphenylcarbazide method [11] and Cr concentrations
quantity  used throughout the study (mg dry weight in the media and the cells were measured by the atomic
(DW) plotted against OD , R = 0.999). For biomass dry absorption spectrophotometer (PE 1100B, Perkin Elmer).600

2

weight (DW) determination, pellets were dried in an oven The amount of Cr reduced and sorbed onto cells was
for 24-48 h before being heated further to 110-120°C for corrected using the appropriate controls to ensure all Cr
10-15 min until they attained constant weight. in the solution was accounted for. The total Cr

Growing (active) cells: Tests were done in NB with an concentrations in the solution were calculated
inocula size of 1% (v/v). After 24 h, cells would reach accordingly. Suitable controls were included in each of
approx. 0.1 g L   dry weight biomass. the experiments.1

sterile  ddH O suspended with approximately 0.1 g L2
1

2 4

of Cr (VI) on cell growth, CC were inoculated into 10 mL of
1

1

the rates by which these processes occur in both cell
p

p

p p
1

p
1

3

accumulated by the cells, the residual Cr(VI) and Cr
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Table 1a: Mean OD  at specified intervals (up to 12 h) for CC growing cells in NB supplemented with Cr (VI)600

          OD after time (h)
Cr (VI) -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(mg L ) 2 4 6 8 10 121

Control 0.0045 0.017 0.0485 0.073 0.097 0.152
1 0 0.01 0.0365 0.0495 0.0895 0.149a

10 0 0.0085 0.032 0.043 0.0995 0.139a

20 0 0.008 0.031 0.0345 0.059 0.0955b a b b b b

40 0 0.0015 0.0115 0.0155 0.0205 0.0565a a a a a a a

60 0 0.002 0.0095 0.012 0.017 0.062a a a a a a a

80 0 0.0015 0.01 0.012 0.015 0.045a a a a a a a

100 0 0.001 0.0085 0.015 0.0145 0.0345a a a a a a a

Table 1b: Mean OD  at specified intervals (over 96 h) for CC growing cells in NB supplemented with Cr (VI)600

                         OD after time, h
Cr (VI) ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
(mg L ) 24 36 48 60 72 84 961

Control 0.628 0.636 0.6525 0.671 0.65 0.6035 0.5625
1 0.593 0.5955 0.6435 0.652 0.6775 0.646 0.6335
10 0.573 0.549 0.5885 0.5925 0.6415 0.6185 0.6185
20 0.5605 0.546 0.5130 0.5610 0.5815 0.6005 0.576
40 0.4815 0.471 0.5085 0.4495 0.465 0.5525 0.5685
60 0.4785 0.4645 0.503 0.4505 0.455 0.4515 0.5015b b b

80 0.4745 0.4935 0.47 0.4675 0.4995 0.5565 0.5505
100 0.4015 0.4375 0.4755 0.505 0.5185 0.5395 0.5165a b b

 : Denotes significant  effect  by  decrease  in growth in comparison to control at  = 0.01a

 : Denotes significant effect by decrease in growth in comparison to control at  = 0.05b

RESULTS AND DISCUSSION or/and  intracellular accumulation. Nies [12] suggested

Effect of Cr (VI) on microbial growth: The effect of Cr the  sulfate  transport system and other additional
(VI) on cell growth over a period of 96 h is presented in systems which possibly are related to induction or
Table 1a and 1b. The onset of cell growth (up to 12 h) at repression of certain ion transport systems. CC was
low Cr (VI) concentrations (1-10 mg L ) was comparable shown to be resistant as it could very well tolerate Cr(VI)1

to that of the control but declined with increasing Cr concentrations of up to 100 mg L . Mechanisms for
concentrations. Cr at 20-100 mg L  significantly inhibited chromate tolerance in bacteria include reduction,1

bacterial growth (p<0.01). This is indicated by longer lag methylation, precipitation at cell surface, blockage or
periods of between 12 to 16 h at higher Cr(VI) modified cellular uptake by altered pathway and
concentrations compared to approximately 8 h at lower subsequent removal from the cytoplasm by ‘efflux pump’
concentrations. Between 1-20 mg L  Cr(VI), maximal [6, 13].1

growth (OD 0.5) was achieved within 24 h; at higher600

Cr(VI)  concentrations, delayed growth was observed. Metal removal and kinetic studies of Cr(VI): The
The  inhibitory effect of Cr(VI) was not significant reduction of Cr (VI) to Cr (III) and the accumulation of Cr
(p>0.05) in the latter stage of growth ( 24 h) for all in the 1-100 mg L  for both cell populations are given in
concentrations tested except 60 mg L . The long lag Fig. 1. In growing cells Cr accumulation (0.89-6.40 mg L )1

period observed in the early phases of growth and was higher than its reduction (0.44-1.80 mg L ) (p<0.05).
particularly at elevated Cr(VI) concentrations, was Similarly, non-growing cells also exhibited higher
probably due to the adaptation of the population to the accumulation (0.47-4.30 mg L ) compared to reduction
environment. In order to grow in a chromate containing (0.24-0.30 mg L ) (p<0.05). Accumulation of Cr by
media, a bacterial system would need to develop a growing cells was slow in the early stages i.e. 8-10 h
detoxifying  tool  by  either  reduction or exocellular which correlated with the slower growth trend as has been

that  chromate  is  actively  transported  into the cell by

1
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1
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Fig. 1: Cr reduction and accumulation in growing (A) and non-growing (B) cells at ( -1 mg L ; -10 mg L ; -20 mg1 1

L ; X-40 mg L ; -60 mg L ; -80 mg L ; +-100 mg L ) initial concentration over 96 h1 1 1 1 1

Table 2a: Rate of accumulation and reduction of hexavalent chromium, Cr (VI) in the initial concentration range of 1-100 mg L  and cell concentration as1

a function of mean contact time (96 h) 

Consortia culture Mean Cr reduction Mean Cr Mean Cr Mean Cr 
(CC) cells rate (mg g  h ) accumulation rate (mg g  h ) reduced (mg L ) accumulated (mg L )1 1 1 1 1 1

Growing 0.1021-1.5379 0.1988-3.0873 0.44-1.80 0.89-6.40
Non-growing 2.88×10 -5.28×10 9.51×10 -1.2726 0.24-0.30 0.47-4.302 2 2

Table 2b: Overall system characteristics for the removal of Cr (VI) in the initial concentration of 1-100 mg L  over 96 h 1

Consortia culture Mean cell density Mean Cr uptake, Mean pH Mean of 
(CC) cells (mg DW) q  (mg g  DW) changes unaccounted Cr (mg L )p

1 1

Growing 0.70-0.95 4.29-50.74 6.61-6.72 1.8×10 -3.9×102 2

Non-growing 0.89-1.02 2.64-31.66 6.79-6.89 1.2×10 -6.9×102 2

described  earlier. Within the  first  24 h, the amount of Cr compared to Cr reduction (0.1021-1.5379 mg g  h ) in
(VI) sorbed by growing cells was comparable to that of both populations over the 96-h period. Generally, the
non-growing cells. However, accumulation of Cr in rates  and amount  of  Cr  reduced  were dependent on
growing cells still increased after 24 h compared to non- cell  activity  as growing cells reduced and accumulated
growing  cells  as accumulation reached a plateau within far more Cr than the non-growing cells. The increased
24 h indicating biomass saturation. Similar trends were amount accumulated was more apparent at higher
noted at all  Cr(VI)  concentrations  tested throughout the concentrations (100 mg L ), i.e. 6.4 mg L  compared to
96 h period. 1.8  mg L  reduced by growing cells after 96 h. In terms

Table 2a shows that the rate of Cr accumulation by of  the  removal  process, it was obvious that active cells
active cells was also faster (0.1988-3.0873 mg g  h ) were required  for  Cr reduction  as  the mean Cr  reduced1 1

1 1

1 1

1
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Table 3: Suggested model for the removal of Cr (VI)

Consortia culture (CC) cells Model * Correlation coefficient

Growing cells C  = -0.386 + 0.0003594t + 0.05259pH + 0.985C -0.985C  + 0.005325w R  = 1.000acc itot ftot
2

C  = 1.661 + 0.01214t-0.225pH + 0.191C -0.195C -0.527w R  = 0.863red itot f(VI)
2

Non-growing cells C  = 0.679-0.0001456t-0.09787pH + 0.995C -0.996C -0.01906w R  = 0.999acc itot ftot
2

C  = 0.615 + 0.001764t-0.09293pH + 0.007885C -0.007547C  + 0.05283w R  = 0.841red itot f(VI)
2

C : Cr accumulation ability, (mg L ), C : Cr(VI) reducing ability, (mg L ), C : initial total Cr concentration, (mg L ), C : final total Cr concentration,acc red itot ftot
1 1 1

(mg L ) at t, C : final Cr(VI) concentration, (mg L ) at t, pH: solution pH, t: time, w: biomass quantity, (mg dry weight), all parameters are significant1 1
f(VI)

at  = 0.05

was  only 0.30  mg L  in non-growing cells as opposed after reduction is also possibly sorbed by the biomass1

to 1.80 mg L  in growing cells. Lower uptake at higher rather than excreted outside the cell. The use of an1

concentrations and at extended periods may be due to acclimated mixed culture such as CC would readily
saturation of the biomass, given the minimal biomass provide an abundance of active sorption sites to facilitate
quantity employed in this work. On the other hand, binding or complexation. The consortia would also be
possible inhibition of biomass activity by prolonged well-equipped and evolved in terms of cellular
chromate toxicity would also be a reason as it decreases defense/resistance mechanisms due to continuous Cr
active cell population in the medium as well as nutrient exposure and possible synergistic relation among the
depletion [14]. This revealed that Cr uptake is more available strains. 
dominant for Cr  removal  compared  to the insignificant Further investigations such as a laboratory scale
Cr reduction  in  both  cell populations. CC exhibited a metal  removal  feasibility studies need to be carried out
high mean of  Cr  loading  of 50.74 mg g  for growing on the Consortia Culture (CC) before they can be1

cells and 31.66  mg g  for non-growing cells (Table 2b) exploited as biosorbents for the detoxification and1

and this is comparable  and better than the other systems removal of Cr from wastewater. Apart from the above,
described [15-17]. Abiotic  and experimental Cr losses molecular studies will most probably elucidate in more
were insignificant and small pH fluctuations observed detail the mechanisms involved.
might be due to cell activity and possible anion exchange,
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