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In the present work the effect of in sifu bioremediation technology in containing the
spread of Cr(VI) in groundwater aquifer systems was studied. Experiments in
microcosm reactor columns were carried out under an oxygen stressed conditions which
were maintained in each column after long hours of operation at various Cr(VI) feed
concentrations: 20, 30, 40 and 50 mg/L respectively. The effect of carbon source was
also evaluated in this study and it has been observed that the addition organic carbon
source is essential for effective biological Cr(VI) removal in the deep aquifer zones.
Experimental data collected along the five intermediate sampling ports of the column
and also at the effluent port showed insignificant change in the Cr(VI) effluent
concentration after three to four days of operation. The insignificant Cr(VI) reduction
over long period of incubation, maybe associated with the toxic and the mutagenic
effects of Cr(VI) towards the cells. The model developed in the study at a steady-state
predicted effluent Cr(VI) concentration satisfactorily in both carbon source and non
carbon source reactor with R-squared value above 95%. In an inoculated column reactor
amended with sawdust, k (reaction rate coefficient) =5.2x10™ was achieved at the
second order reaction while in an inoculated column reactor without sawdust the kinetic
reaction rate coefficient was adjusted to , k= 9.9x10” at the first order reaction.

1. Introduction

Effluents from textile, leather tanning, electroplating, metallurgical and paint industries
contains considerable amounts of toxic metal ions (Shi et al., 2009). Cr(VI) is one of the
toxic heavy metals associated with environmental pollution and human health hazards.
It is a so-called carcinogen and potential soil, surface water and groundwater
contaminant (Cervantes et al., 2001). Cr(VI) reduced form, Cr(III) on the other hand is
relatively insoluble, less toxic and also it is required in trace amount for human nutrition
(Viamajala et al., 2004). Considering the toxicity and the mobility of Cr(VI) in the
environment, its removal or transformation to less toxic Cr(IIl) is essential.

Some of the existing methods for treatment of Cr(VI) contaminated soil and
groundwater include excavation or pumping out of the contaminated material that
requires follow up chemical addition followed by precipitation and then adsorption.
These methods are relatively expensive as they are either energy intensive or require
large quantities of chemical reagents. Additionally, chemical addition generate large
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quantities of toxic sludge that is difficult to dispose (Blowes, 2002; Gonzalez et al.,
2003).

Recently, bioremediation of Cr(VI) has gained considerable attention. This method can
be applied either as an in situ or ex situ technology. In situ bioremediation technology
appears as a novel remediation alternative to the ex sifu remediation technique as it
minimizes the risk associated waste transportation; additionally it also minimizes the
cost associated with pumping and excavation of the contaminated material in the
contaminated site.

Many bacterial strains are capable of utilizing Cr(VI) as a terminal electron acceptor in
the respiratory process and transform Cr(VI) to Cr(IIT) (Ahmad et al., 2010; Zahoor and
Rehman, 2009; Congeevaram et al., 2007; Molokwane et al., 2008). Despite the large
number of studies on microbial Cr(VI) removal from the environment, not much of
research was done on biological treatment of spillage waste on the ground. The main
aim of the current study is to evaluate the prospect of pollution control in groundwater
aquifers using potential Cr(VI) reducing bacterial species from the local environment.
Also to develop a numerical model that will simulate the biological Cr(VI) removal in

the aquifer environment.

2. Materials and Methods

2.1. Soil sample

Aquifer cores were extracted from the actual contaminated site (Brits, North West
Province, South Africa). The Cr(VI) concentration background in the aquifer media
sample was in the order of 50 pg/kg.

2.2 Culture start-up
For inoculation, bacterial isolates from the local environment were nutritionally

cultivated as a reconstituted consortium culture in the LB broth medium amended with
75 mg/L of Cr(VI) concentration for 24 hours at 30+2°C under shaking. The culture was
then harvested by centrifuging at 6000 rpm for 10 minutes and thoroughly mixed with a

MSM.

2.3 Cr(VI) removal system set-up
A schematic of the fixed-media microcosm reactor system employed for the reduction

of Cr(VI) to Cr(Il) by reconstituted consortium culture is represented in Figurel. The
experimental columns used were constructed from the Plexiglas (60cm long, Scm
internal diameter). Five sampling ports were drilled along each column reactor. The
columns were then tightly packed with aquifer media and then capped on both ends
with drilled PVC caps. Prior capping the columns on both ends the sterile control
column was sterilized by autoclaving at 121°C for 20 minutes and the other two
columns were amended with sawdust to simulate the carbon source leached from
overlying vegetation above the ground.
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Figure 1: Laboratory microcosm reactor set-up

2.4 Column Start-up

Primarily experimental runs, distilled water were fed in each of the packed columns to
saturate the soil particles. Flow rates were measured and adjusted to establish the
hydraulic retention time of 24 hours in each column. The cultivated cells were then
introduced into two reactors (R2 and R4) for a period of 24-48 hours enough time to
allow uniform distribution of cells in the reactors before contaminant loading.

2.5 Experimental Run
Cr(VI) loading in the reactor columns was simulated by gravity feeding as in the case of

open aquifers at the site. Microcosm reactors were operated as packed beds at different
Cr(VI) concentrations of 20, 30, 40 and 50 mg/L respectively. Samples withdrawn from
the five equally spaced intermediate ports and from the effluent port were centrifuged at
6000 rpm for 10 minutes to remove soil particles and then followed by analysis of
Cr(VI).

2.6 Analytical Methods
Cr(VI) was measured using a UV/vis spectrophotometer (WPA, Light Wave II,

Labotech, South Africa) at a wavelength of 540 nm (10 mm light path) after
acidification and reaction with 1,5-diphenyl carbazide to produce a purple-pink colour
(APHA, 2005). Total Cr was measured at a wavelength of 359.9 nm using a Varian AA
— 1275 Series Atomic Adsorption Spectrophotometer (AAS) (Varian, Palo Alto, CA
(USA)) equipped with a 3 mA chromium hollow cathode lamp. Cr(III) was determined
as the difference between total Cr and Cr(VI) concentration.

2.7 Cr(VI) Reduction at Various Lengths
The slope of Cr(VI) concentration profiles along the reactor columns at a steady state

was defined by an ordinary differential equation representing Cr(VI) reduction rate (r.)
derived as follows:
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F. (molar flow rate of Cr(VI)) and ¥ (mass of aquifer media) can be represented as:

Fc(mOZej=QC 3)
s
wg)=p.AL 4)

Therefore using equation 2, 3 and 4 above, equation 1 can be represented as:

_dc_ kc(_”cAf j(1 _EJ 5)
dL Qin Cr

where: C = Cr(VI) concentration at anytime, (ML), L= length of the reactor,(L), k=
reaction rate coefficient, (L.mol".s™), p.= density of aquifer soil particles (ML), A=
biofilm surface area (L°), Qin = inflow rate (L°T"'), C,= Cr(VI) toxicity threshold
coefficient (ML), and n = reaction order, (MM"'). N.B: The dimension of k (reaction
rate coefficient) is independent on the order of the reaction thus implies that k& varies
with varying n.

3. Results and Discussion

3.1 Cr(VI) removal kinetics along the reactor column

Cr(VI) effluent concentration along the reactor column was simulated using Equation 5.
Cr(VI) toxicity threshold, C,, in the model was assumed to be 50 mg/L based on the
results obtained at the microcosm experimental run of 50 mg/L. The experimental result
at 50 mg/L showed no significant Cr(VI) reduction along the reactor column with the
removal efficiency of only 9% in an inoculated carbon source reactor after two weeks of
operation. The effluent Cr(VI) concentration did not stabilize until a steady state, which
occurred after three to four days of operation was achieved. At this state no significant
reduction of Cr(VI) was observed over time in both the inoculated column amended
with sawdust and the inoculated column without sawdust. This result may be associated
to Cr(VI) toxicity within the cell over time. The developed model for biological Cr(VI)
reduction along the inoculated columns at the steady state fits the experimental data
well Figure 2 (A-C). It is observed in Figure 2 (A-B) that the model best fitted the
experimental data in a carbon source reactor at n=2 which indicates that the rate of
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Figure 2: Simulation of Cr(VI) effluent across the reactors at (4) 20 mg/L
and (B) 40 mg/L in (+C-Source) and (C) 20mg/L in a (-C-Source) reactor.
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Cr(VI) removal in this reactor is dependent on both the presence of sludge culture and
organic carbon source. It is also observed in Figure 2 (C) that the model satisfactorily
fitted the experimental data in a non-carbon source reactor at n=Iland at an adjusted
reaction rate coefficient compared to the later reactor, which indicates that the rate of
Cr(VI) reduction in the non-carbon reactor is only dependent on the presence of the
sludge culture in the reactor.

4. Conclusion

The microbes isolated from sand drying beds at the local environment were able to
sustain Cr(VI) concentration of 40 mg/L, which is the current highest groundwater
Cr(VI) concentration at the remediation wells at the study site.
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