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Biotransformation of Chromium (V1) in Liquid Effluents by Resistant

Bacteria isolated from the Matanza-Riachuelo Basin, in Argentina

Pollution of the aquatic environment by heavy metals leads to the selection of
resistant bacterial communities. These resistant microorganisms have detoxification
mechanisms to survive in the polluted environment, such as biosorption and
biotransformation. Optimization of these mechanisms constitutes an innovative
biotechnological tool for the treatment of liquid effluents. The aims of this
investigation were to evaluate the bacterial resistance to zinc, copper, chromium (VI)
and lead in surface water streams from Buenos Aires, Argentina; to selecta
chromium-resistant strain able to remove the metal in batch process, and to evaluate
the potential of this strain to remove chromium (VI) in liquid effluents: Bacterial
resistance to the metals was evaluated by determining the Minimal Inhibitory
Concentration (MIC). The kinetic of chromium (VI) removal by one of the resistant
strains was studied in nutrient broth with 50 and 100 mg L™ of the metal, as well as
an effluent from an electroplating industry: High resistance to all the metals under
study was observed in the bacterial communities of the Matanza-Riachuelo basin. A
chromium resistant strain was isolated and identified as Microbacterium sp. It was
able to remove 50 and 100 mg L' of Cr (VI) in 36 and 66 hours respectively, with
efficiency higher than 99%. Experiments with liquid effluents showed the ability of
the strain to transform 150 mg L' of the metal in 84 hours, with efficiency higher
than 99%. These results show the potential of this native strain for the treatment of

liquid effluents that.contain chromium (VI).

Keywords: heavy metals; bacterial resistance; chromium (VI); biotransformation;

industrial effluents

Introduction

Heavy metals are released to the environment, alone or associated with other pollutants,
through industrial, hospital, agricultural or urban effluents, and represent a serious
environmental problem both because of its toxic effects and its ability to accumulate along

the food chain producing adverse effects on ecosystems and human health [1]. For this
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reason, in many countries there are strict environmental regulations that require industries
to implement clean production systems that include methods of treatment of low
environmental impact, low cost and high efficiency for effluents rich in heavy metals [1]. In
Buenos Aires, Argentina, the widespread use of chromium in industrial activities has
aroused great concern since this metal, specially the hexavalent form, is highly toxic and
carcinogenic [2]. The National Act on Hazardous Wastes N° 24051 establishes guide levels
for total chromium in freshwater streams of 2 ug L™ for protection of aquatic life and 50 pg
L' for human drink with conventional treatment. However many electroplating and tannery
industries release untreated effluents to water courses in clandestine situation. This problem
is especially worrying in the Matanza-Riachuelo basin since it has become one of the most
polluted water sources in Argentina (www.acumar.gov-ar). For this reason, the control of
these discharges as well as the improvement of treatment systems are essential to prevent
further pollution.The methods conventionally employed for the removal of metals from
liquid effluents consist of different physicochemical processes such as chemical
precipitation, chemical reduction or oxidation, ion exchange and reverse osmosis [3].
However, despite the high removal efficiency of these processes, much has been discussed
in recent years about its negative aspects such as its high cost, environmental impact and
strong dependence on metal concentration, since its efficiency decreases at low
concentrations [4,5]. Faced with these disadvantages and taking into account the role
played by microbial processes in the environmental mobility of metals, the potential of
microorganisms for the remediation of these compounds has aroused great interest [6]. In
nature these organisms have developed various mechanisms of resistance to metals, such as

transport through the cell membrane, biosorption to cell walls, precipitation, complex
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formation and oxidation-reduction reactions [7]. The optimization and use of these
processes constitutes a valid alternative for the treatment of liquid effluents and the
remediation of polluted sites. The selection of microbial populations resistant to heavy
metals begins to occur in contaminated environments. These previously exposed
microorganisms can then be isolated from such environments. In the literature, several
bacterial strains resistant to different metals isolated from contaminated soils, sediments
and surface water samples have been reported [8,9], as well as from sewage sludge and
industrial effluents [10,11]. These studies are mainly focused on the genetic aspects and the
biochemical mechanisms involved in resistance. On the contrary, investigations about the
heavy metal resistance of bacterial communities in natural environments with different
pollution degrees are still scarce. Information about this resistance is important to
understand the impact of contamination on water courses.

The aims of this investigation were: a) to evaluate the bacterial resistance to zinc,
copper, chromium (VI) and lead in surface water streams from Buenos Aires, Argentina; b)
to select a chromium-resistant strain able to remove the metal in batch process, and ¢) to
evaluate the potential of this strain to remove chromium (VI) in liquid effluents from an

electroplating industry.

Materials and methods

Sampling points

Six samples were obtained from surface water streams in the urban area of Buenos Aires,
Argentina. Sampling points were located in the high, middle and lower regions of the
Matanza-Riachuelo basin. These regions are characterized by different urbanization and

contamination degrees. The sampling points are shown in Figure 1 [Figure 1 near here].
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The samples were collected in plastic bottles and kept under refrigeration (4 °C) until
analysis. Samples to heavy metals determination were also preserved by the addition of

concentrated nitric acid to pH 2.

Characterization of samples

Water samples were characterized in order to evaluate their bacteriological and chemical
quality, and to determine heavy metals concentration. Total heterotrophic bacteria, fecal
coliforms, Escherichia coli and Enterococcus spp. counts were performed by the agar plate
method or the most probable number method, according to APHA [12]. Chemical oxygen
demand (COD) was determined by using a HACH® COD test based on the closed reflux
method, according to the manufacturer’s instructions. Biochemical oxygen demand (BOD)
was determined by the BOD trak™ method. The BOD trak apparatus used was provided by
HACH®. Heavy metals concentration was determined by graphite furnace atomic

absorption spectroscopy. A Shimadzu AA -7000 GFA — 7000 spectrophotometer was used.

Heavy metals

Four heavy metals were selected for this study: zinc, copper, chromium and lead. Stock
solutions were prepared by dissolving the appropriate amount of ZnSQO4, CuSO4, K,CrO4
and Pb(NO3), respectively in distilled water to obtain a concentration of 10000 mg L™ of
the corresponding cation. Solutions were sterilized by filtration through a membrane filter

with a 0.22 um pore size.

Evaluation of bacterial resistance to heavy metals in surface water samples
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Bacterial resistance to heavy metals was evaluated in the water samples by determining de
minimal inhibitory concentration (MIC). This assay was performed in tubes with 10 mL of
nutrient broth (NB) added with increasing concentrations of the metals (from 4 to 1000 mg
L™). The tubes were inoculated with 0.1 mL of the water samples and incubated at 28 °Cfor
7 days. The MIC of each metal was defined as the lowest concentration of the metal that

produces bacterial growth inhibition.

Isolation of Cr (V1) resistant strains

Isolation of Cr (VI) resistant strains was carried out from the tubes of the MIC assay by
spreading an aliquot of the culture onto tryptone soy agar (TSA) plates supplemented with
the metal. Plates were incubated for 48 hours at 28 °C and colonies with different
morphology were separated and tested for its ability to remove Cr (VI). For these individual
strains the MIC of all the metals under study was also determined. This assay was
performed in microplates of 96 wells by inoculating an aliquot of the bacterial suspension
in 0.25 mL of nutrient broth added with increasing concentrations of the metals (from 4 to

1000 mg L™). The plates were incubated at 28 °C for 24 hours.

Cr (VI) removal experiments

Removal experiments were performed in Erlenmeyer flasks with 100 mL of nutrient broth
supplemented with 50 mg L™ of Cr (VI). The flasks were inoculated with 1 mL of a
bacterial suspension to obtain an initial cell concentration of 1 x 10’ CFU mL™" in the assay
and incubation was carried out in a rotatory shaker, at 28 °C and 200 rpm, during 24 hours.
The concentration of chromium (VI) was determined at the beginning and the end of the

removal assay.
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Based on the efficiency of the isolates to remove chromium (VI) in this assays, one

of them was chosen to be studied in further experiments.

Identification of the selected strain

The selected isolate was identified by molecular techniques. They consisted in the
amplification of the 16S ribosomal RNA (rRNA) gene by the polymerase chain reaction
(PCR) and the sequencing of the amplified fragments. For amplification the following
primers (5°-3") were used: 16SR: GYTACCTTGTTACGACTT and 16SF:
AGAGTTTGATCMTGGCTCAG. Amplified fragments were purified with the QIAquick
PCR Purification Kit (QIAGEN, Duesseldorf, Germany) according to manufacturer's
instructions, and sequenced using an ABI Prism DNA 3700 sequencer (Applied
Biosystems, California, USA). Finally, nucleotide sequences were compared with databases

using the NCBIs’ Basic Local Alignment Search Tool (BLAST).

Kinetics and mechanism of Cr (VI) removal

Kinetic of Cr (VI) removal was studied in Erlenmeyer flasks with 100 mL of NB. The
flasks containing the sterile media were supplemented with 50 or 100 mg L™ of Cr (VI) and
inoculated with an aliquot of a bacterial suspension in order to obtain an initial cell
concentration of 1 x 10’ CFU mL™ in the experiments. Two replicates and a control of
abiotic-losses were used. The flasks were incubated in a rotatory shaker, at 28 °C and 200
rpm. During incubation period 3 mL samples were aseptically removed from the flasks at
appropriate intervals in order to determine bacterial growth and the remaining Cr (VI)

concentration.
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In order to elucidate the mechanism involved in chromium (VI) removal, samples
taken at the beginning and the end of the process were also analyzed to determine total
chromium in the biomass and the supernatant of the culture. For this purpose the samples
were centrifuged during 10 min at 4000 rpm.The supernatant fluid was separated from the
bacterial pellet, which was rinsed three times with 0.85% NaCl solution and resuspended in

the same solution prior determination.

Removal of Cr (V1) in liquid effluents
A liquid effluent from an electroplating industry was used in this experiment. The effluent
was characterized by determining pH, total Cr and Cr (VI) concentrations. Removal
experiments were performed in Erlenmeyer flasks with 100-mL of the industrial effluent
added with NB. If necessary the effluent was diluted for the experiment. The flasks were
inoculated with an aliquot of a bacterial suspension in order to obtain an initial cell
concentration of 1 x 10’ CFU mL " in the experiments. Two replicates and a control of
abiotic losses were used for each assay. The flasks were incubated in a rotatory shaker, at
28 °C and 200 rpm. During incubation period 3 mL samples were aseptically removed from
the flasks at appropriate intervals in order to determine bacterial growth and the remaining
Cr (VI) concentration.

In this experiment, as well as in the kinetic assay, samples taken at the beginning
and the end of the process were also analyzed to determine total chromium in the biomass

and the supernatant of the culture.

Analytical methods
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Total chromium was determined by flame atomic absorption spectrosphotometry with a
Hitachi Polarized Zeeman Atomic Absorption Spectrophotometer. Chromium (VI)
concentration was determined by the diphenylcarbazide method, according to APHA

(2012).

Results and discussion

Characterization of samples

Water samples were obtained from the upper, middle and lower regions of the Matanza-
Riachuelo basin, characterized by different urbanization and contamination degrees. The
upper basin is predominantly an agricultural region, while the middle and lower regions are
highly industrialized and urbanized in their vicinity, with the constant release of untreated
effluents from several industries and sewage discharges [13]. For this reason samples were
characterized in order to evaluate their bacteriological and chemical quality and to
determine heavy metals concentrations. Results are shown in Tables 1 and 2 [Tables 1 and
2 near here]. High Escherichia coli and Enterococcus spp. counts were observed in the
lower region of the basin in contrast with the upper region. This indicates high levels of
fecal contamination in the urbanized region, as it could be expected. In the same way,
results of heavy metals determinations show that lead and zinc concentrations increase in
the lower basin. In contrast, high concentrations of chromium and copper were determined
in all the sampling points, even in the upper basin. This suggests an input of these metals

from another source, perhaps agro industrial activity present in the area.

Evaluation of bacterial resistance to heavy metals in surface water samples
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The resistance of the bacterial communities from water samples to heavy metals was
evaluated by determining de minimal inhibitory concentration (MIC). Results are shown in
Table 3. MIC values reported in the literature show wide variability. In polluted
environments MIC values higher than 100 mg L™ are frequently found [14-20]. However
much lower MIC values were also reported [9,21-23]. In this study MIC values similar to
the highest reported in the literature were observed, even in the upper basin [Table 3 near
here].

It has been reported that microorganisms resistant to certain heavy metal usually
show simultancous resistance to other metals [16,19,24]. This simultaneous resistance
occurs by two possible mechanisms: cross-resistance (the same genetic determinant
responsible for the resistance to different heavy metals) or co-resistance (different
resistance determinants present on the same genetic element) [25]. These mechanisms
could explain the widespread heavy metal resistance observed in all the sampling points
regardless of their location and pollution degree, since the presence of high concentrations
of copper and chromium in the whole basin could be responsible for the selection of
microorganisms resistant to the other metals. On the other hand, it has been demonstrated
that heavy metal- and antibiotic- resistance genes are linked, particularly on plasmids [25].
Therefore, the wide use of these compounds in intensive livestock rearing along the upper

basin could be other reason for the heavy metal resistance observed.

Isolation of Cr (V1) resistant strains
Considering the importance of chromium as a contaminant in the Matanza-Riachuelo basin
and the high concentrations of this metal found in all the sampling points (higher than the

guide level established for protection of aquatic life), chromium (VI) was chosen for further
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experiments. Isolation of Cr (VI) resistant strains was performed from the tubes of the MIC
assay. Colonies with different morphology were also tested for their simultaneous
resistance to other heavy metals and Cr (VI) removal ability. Six bacterial strains resistant
to Cr (VI) were isolated, one from each sampling point. The results of the MIC assays
confirmed that all of the isolates were also resistant to high concentrations of Cu, Pb and Zn
(Table 4) [Table 4 near here]. Several Cr (V]) resistant strains described by other authors

also showed simultaneous resistance to other heavy metals [18-20,26].

Cr (VI) removal assays

It has been reported that the resistance of a bacterial strain to heavy metals is independent
from its ability to remove these metals [27]. This implies that a resistant strain is not
necessarily able to remove the metal. In this investigation, Cr (VI) removal assays were
performed in order to determine the ability of the isolates to remove 50 mg L™ of Cr (VI) in
the experimental conditions (Figure 2) [Figure 2 near here]. Results of Cr (VI)
determinations at the end of the assay showed that the six isolates were able to remove the
metal. However, the strain Cr 1 isolated from La Boca showed the highest removal

efficiency in 24 hours. For this reason this strain was chosen for further experiments.

Identification of the selected strain

The Cr (VI) resistant strain that showed the best performance in removal assays (strain Cr
1) was first identified. The strain was a Gram positive coccus, aerobic, with small, rounded
and yellow-pigmented colonies in TSA medium. The results of the analysis of the 16S
rRNA sequences indicated that it belongs to the genus Microbacterium with an identity of

99% and 100% of sequence coverage. Microbacterium sp. has been reported previously as
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a chromium-resistant microorganism [28,29]. This genus is widely distributed in the
environment and it is not recognized as a human or animal pathogen. This is crucial for

environmental purposes.

Kinetics and mechanism of Cr (V1) removal by Microbacterium sp.
The kinetic of Cr (VI) removal by Microbacterium sp. was first carried out in 100 mL of
NB added with 50 mg L™ of Cr (VI). Results are shown in Figure 3 [Figure 3 near here].
Microbacterium sp. was able to remove Cr (VI) from the culture medium-in 36 hours, with
efficiency higher than 99%. When the kinetic assay was performed with an initial Cr (VI)
concentration of 100 mg L™, the complete removal of the metal was accomplished in 66
hours. It should be noted that abiotic losses of the metal remained below 2% in both
experiments. The time course of Cr (VI) removal by the different microorganisms
described in the literature is highly variable, as well as the culture mediums employed in
those assays. Thacker et al. [30] studied Cr (VI) removal in LB broth by a strain of
Providencia sp. The strain removed completely up to 300 mg L™ of the metal within 108
hours. Zahoor and Rehman [31] reported a Bacillus sp. strain and a Staphylococcus capitis
strain able to remove 100 mg L' of Cr (VI), in acetate minimal medium, within 96 hours
with efficiencies of 85% and 81% respectively. Ilias et al. [11] isolated a Staphylococcus
aureus strain and a Pediococcus pentosaceus strain able to remove completely 20 mg L™ of
Cr (VI), in LB broth, after 6 and 24 hours respectively. As it can be observed, the results of
this investigation are comparable with those reported by other authors.

In order to elucidate the mechanism responsible of chromium removal, total Cr
determination was also carried out at the end of the kinetic assay in both, the bacterial pellet

and the supernatant of the culture. The results showed that all the chromium (VI) present at
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the beginning of the experiment was transformed into Cr (III), whose concentration was
calculated by the difference between total Cr and Cr (VI) concentrations (Table 5) [Table 5
near here]. This demonstrates that the mechanism involved in Cr (VI) removal was the
aerobic reduction of hexavalent chromium to the trivalent form. In addition, total Cr
concentrations in the two fractions at the end of the assay indicate that Cr (I1I) remained
soluble in the supernatant of the culture, while practically no Cr (III) was detected inthe
bacterial pellet. Several bacterial strains able to carry out this transformation in aerobic
conditions were reported in the literature [9,32-34], suggesting the ubiquity of this process

in nature.

Removal of Cr (V1) in liquid effluents by Microbacterium sp.

The ability of the Microbacterium sp. strain to.reduce Cr (VI) was also evaluated in a liquid
effluent from an electroplating industry. The effluent was first characterized by determining
pH, total Cr and Cr (VI) concentrations, Results showed that chromium (VI) concentration
was 1501.5 mg L™ while chromium (IT) was not detected. The pH value was 1.5 (data not
shown). Because of the acidic characteristics of the effluent and the extremely high
chromium concentration, it was diluted in nutrient broth to a chromium (VI) concentration
of 150 mg L"" and a pH value of 7.0. The culture medium also provides the necessary
nutrients to support bacterial growth.

Studies evaluating Cr (VI) removal in real industrial effluents are reported in the
literature. Effluents from different origins and chromium concentrations are used in those
assays. Abdulla et al. [35] described an actinomycete strain that could remove 364 mg L™
of the metal from a tannery wastewater in 96 hours, with efficiency of 90%. On the other

hand, the Bacillus sp. and Staphylococcus capitis described by Zahoor and Rehman [31]
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removed up to 1.84 mg L™ of Cr (VI) from an industrial effluent within 144 hours, with
efficiencies of 86% and 89% respectively. In an electroplating effluent with 0.028 mg L™ of
Cr (VI), a Pseudomonas aeruginosa strain isolated by Pandian et al. [36] showed the ability
to remove 86% of the metal in 20 days. In this investigation it could be demonstrated that
Microbacterium sp. was able to reduce 150 mg L™ of Cr (VI) in the effluent from an
electroplating industry in 84 hours, with transformation efficiency higher than 99%. The
performance of the strain showed to be very suitable for the treatment of industrial effluents
with high concentrations of Cr (VI). Results of the biotransformation-assay are shown in
Figure 4 [Figure 4 near here].

Results of total Cr determination in the bacterial pellet and the supernatant of the
culture at the end of this assay were similar to those obtained in the kinetic assay (Table 5)

[Table 5 near here].

Conclusions

The bacterial resistance to-heavy metals in the Matanza-Riachuelo basin, Argentina was
study in six sampling points with different pollution degrees. Results demonstrated high
resistance to all of the metals under study, in all the sampling points. A Microbacterium sp.
strain highly resistant to Cr (VI) (MIC=1000 mg L") was then isolated from La Boca water
samples. The strain was also able to reduce the metal (150 mg L™) to the trivalent form in
the effluent of an electroplating industry, in 84 hours and with efficiency higher than 99%.
The results of this investigation are promising, since it could be demonstrated the great
potential of Microbacterium sp. for the treatment of industrial effluents. However several
aspects, such as the use of low cost substrates to support bacterial growth, the performance

of the strain in continuous processes and the reduction of toxicity in the treated effluent,



Downloaded by [University of Connecticut] at 01:53 05 September 2017

340  should be still considered in further studies focused in real applications. In addition, the
341 information obtained about the heavy metal resistance of bacterial communities in this
342  basin is a valuable contribution to its characterization and the study of contamination.
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479  Table 1. Chemical and bacteriological characterization of water samples.

480
. . BOD COD Total hetero_t rophic Fecal Escherichia Enterococcus
Sampling point 1 1 bacteria ) .
(mgL™) (mgL™) (CFU mL™Y Coliforms coli spp.

La Boca 28 82 3.5x%10° 7.5x10° 2.5x10° 2.5% 10%
Alsina bridge 26 79 1.7x 10 1.0x 10* 42x10* 4.0x 10"
La Noria bridge 5 90 5.6x10° 33x10° 1.3x10° 3.7 x 10
Ricchieri freeway 9 89 5.0x10* 12x10° 8.0x 10" 2.0x 10"
Morales creek 6 69 1.6x 10° 3.1x10% 3.0x 10% 50x 10"
Rodriguez creek <5 29 1.6x 10 8.0x 10" 3 2.0x 10"

481
482 (*) Most probable number in 100 mL; (")CFU mL"

483
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Table 2. Heavy metals concentrations in water samples.

Total Cu Total Cr Total Pb Total Zn

Sampling point X ) . _
PINGPOINt g1 (ugLh) (ugL™) (ugL?)

La Boca 20 8 <10* 49
Alsina bridge 11 11 13 <30*
La Noria bridge 7 11 <10* nd
Ricchieri freeway 5 4 nd nd
Morales creek 12 7 nd nd
Rodriguez creek <5* 8 nd nd

(nd) Not detected. Metal concentration is lower than the detection limit of the method; (*)
Metal concentration is lower than the quantification limit.
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Table 3. Bacterial resistance to heavy metals in water samples

Sampling point MIC (mg L™)
Cu Cr Pb Zn

La Boca 1000 >1000 >500 >1000
Alsina bridge 1000 >1000 >500 >1000
La Noria bridge 1000 >1000 >500 >1000
Ricchieri freeway 1000 >1000 >500 >1000
Morales creek 500 >1000 >500 >1000
Rodriguez creek 1000 >1000 >500 >1000
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Table 4. Resistance of each isolated strain to all the metals under study

Sampling point  Strain MIC (mg L)
Cu Cr Pb Zn
La Boca Crl 1000 1000 >500 500
Alsina bridge Cr2 1000 1000 >500 500
La Noria bridge Cr3 1000 1000 >500 500
Ricchieri freeway  Cr4 500 >1000 >500 500
Morales creek Cr5 1000 >1000 >500 500
Rodriguez creek Cr6 500 >1000 >500 500
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Table 5. Determination of Cr (VI) and total Cr in the different fractions of the bacterial
culture, at the beginning and the end of the assays with supplemented chromium (NB + Cr

VI) and electroplating effluent (NB + Effluent)

Time Culture fraction Chromium (V1) concentration (mg L)
NB + Cr (VI) NB + Effluent
Cr(Vl) Total Cr Cr (VI) Total Cr
Inital - 52.0 52.0 150.1 150.1
Supernatant nd 51.3 nd 148.0
Final
Biomass * 0.7 X 2.1

(nd) Not detected. Metal concentration is lower than the detection limit of the method

*Not determined
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Captions for figures

Figure 1.
Sampling points. (1) La Boca, (2) Alsina bridge, (3) La Noria bridge, (4) Ricchieri freeway,
(5) Morales creek, (6) Rodriguez creek.

Figure 2.

Removal of Cr (VI) by the resistant strains in nutrient broth with 50 mg L " of the metal. %
Remaining Cr (VI) at the beginning M; and at the end = of the assay (24 hours). Origin of
the strains: (Cr 1) La Boca; (Cr 2) Alsina bridge; (Cr 3) La Noria bridge; (Cr 4) Ricchieri
freeway; (Cr 5) Morales creek; (Cr 6) Rodriguez creek.

Figure 3.

Kinetics of Cr (VI) removal by Microbacterium sp. in nutrient broth added with different
initial concentrations of the metal. (A) 50 mg L™; (B) 100 mg L. e Bacterial growth; o
remaining Cr (VI) concentration; m remaining Cr (VI) concentration in controls of abiotic

losses.

Figure 4.
Kinetic of Cr (VI) removal by Microbacterium sp. in the effluent of an electroplating
industry. e Bacterial growth; © remaining Cr (VI) concentration; m remaining Cr (VI)

concentration in the control of abiotic losses.
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546  Table 1. Chemical and bacteriological characterization of water samples.

547
. . BOD COD Total hetero_t rophic Fecal Escherichia Enterococcus
Sampling point 1 1 bacteria ) .
(mgL™) (mgL™) (CFU mL™Y Coliforms coli spp.

La Boca 28 82 3.5x%10° 7.5x10° 2.5x10° 2.5% 10%
Alsina bridge 26 79 1.7x 10 1.0x 10* 42x10* 4.0x 10"
La Noria bridge 5 90 5.6x10° 33x10° 1.3x10° 3.7 x 10
Ricchieri freeway 9 89 5.0x10* 12x10° 8.0x 10" 2.0x 10"
Morales creek 6 69 1.6x 10° 3.1x10% 3.0x 10% 50x 10"
Rodriguez creek <5 29 1.6x 10 8.0x 10" 3 2.0x 10"

548
549  (*) Most probable number in 100 mL; (") CFU mL™

550
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Table 2. Heavy metals concentrations in water samples.

Total Cu Total Cr Total Pb Total Zn

Sampling point X ) . _
PIng P (gl (ugLlY) (oL (LY

La Boca 20 8 <10* 49
Alsina bridge 11 11 13 <30*
La Noria bridge 7 11 <10* nd
Ricchieri freeway 5 4 nd nd
Morales creek 12 7 nd nd
Rodriguez creek <5* 8 nd nd

(nd) Not detected. Metal concentration is lower than the detection limit of the method; (*)
Metal concentration is lower than the quantification limit.
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Table 3. Bacterial resistance to heavy metals in water samples

Sampling point CIM (mg L)
Cu Cr Pb Zn

La Boca 1000 >1000 >500 >1000
Alsina bridge 1000 >1000 >500 >1000
La Noria bridge 1000 >1000 >500 >1000
Ricchieri freeway 1000 >1000 >500 >1000
Morales creek 500 >1000 >500 >1000
Rodriguez creek 1000 >1000 >500 >1000
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Table 4. Resistance of each isolated strain to all the metals under study (cross resistance)

Sampling point  Strain CIM (mg L")
Cu Cr Pb Zn
La Boca Crl 1000 1000 >500 500
Alsina bridge Cr2 1000 1000 >500 500
La Noria bridge Cr3 1000 1000 >500 500
Ricchieri freeway  Cr4 500 >1000 >500 500
Morales creek Cr5 1000 >1000 >500 500
Rodriguez creek Cr6 500 >1000 >500 500
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Table 5. Determination of Cr (VI) and total Cr in the different fractions of the bacterial
culture, at the beginning and the end of the assays with supplemented chromium (NB + Cr

VI) and electroplating effluent (NB + Effluent)

Time Culture fraction Chromium (V1) concentration (mg L™)
NB + Cr (VI) NB + Effluent
Cr(Vl) Total Cr Cr (VI) Total Cr
Inital - 52.0 52.0 150.1 150.1
Supernatant nd 51.3 nd 148.0
Final
Biomass * 0.7 * 2.1

(nd) Not detected. Metal concentration is lower than the detection limit of the method

*Not determined
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