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ABSTRACT

Since its start, the chemical industry has generated residues which have been stockpiled in
deposits and which behave as loci for contamination by toxic effluents and with a high content in
heavy metals. The use of anaercobic bioreactors permits the biotransformation of Cr (V1) into Cr (lll)
from industrial leachate. In this type of systems one of the factors that play an important part in the
reduction is the source of carbon (SC). In the present study, the effect of the SC was evaluated
over the reduction in different concentrations (50, 100, 150, 200, and 300 mg Cr (VI)/L). Two types
of SC were used, synthetic (SCS5) and alternative (SCA). Since SCS were used (pyruvate, lactate,
glycerol, acetate, and yeast extract) there were 100 percent reductions observed, for 50 mg
Cr{VI¥L, in a time interval of 4 days, nonetheless these sources are expensive which is why an
afternative was used using SCA a mixture of waste effluents: clarified from a waste sludge of a
WWTP (CL) and waste lactose water (WLW), in a batch anaerobic system. For the mixture
(CL+WLW and 50 mg Cr (VI)/L) 100% removal percentages were obtained in only 2 days.

INTRODUCTION

The development of chemical industry has generated a large quantity of residues that are difficult to
manipulate and treat; previously, the lack of normativity in the disposal of these residues permitted
their accumulation in open air deposits, which with time have become a problem because of the
production of toxic leachate with a high content of heavy metals an environmental migration; such is
the case of a chemical industry in San Francisco del Rincdn, Guanajuato Mexico. Industry produces
and distributes chromium salts for tanning. With more than 60 years on the market, it presents an
accumulation of old residues that go abowve 300,000 ton [1] and which constantly are found
producing chemical leachates with a high concentration of hexavalent chromium [Cr (V1)]. The
physicochemical processes are an alternative treatment for these effluents, but they are expensive
and they present a high generation of chemical sludges.

Currently there are alternative biological treatments that have been studied and generated good
results in the reduction of Cr (M) into Cr (lll), either under aerobic or anaerobic conditions.
Bioreactors are inoculated with isolated microbial populations isolated from industrial deposits,
these are capable of metabolizing organic and inorganic substances, intervening in the solution or
precipitation of metals [2]; the activity and the growth of these populations, many times is limited by
the disposition of the SC [3]. The operation with synthetic SC generates control, but also
disadvantages in terms of costs, nonetheless, it is worth mentioning that residual effluents can be
found in nature with a high content of nutrients, which are disposed of in the environment as
residues and can be taken advantage of as natural SC.

METHODOLOGY
The sampling of leachates which are rich in Cr (V) was performed in a chemical industry in
Guanajuato, Mexico; leachates were characterized physic-chemically and the metal content was
analyzed in a certified laboratory.

The biotransformation of Cr (V) was batch evaluated in anaerobic systems, using as an SC:
pyruvate (P), glycerol (G), acetate (A), lactate (L} and yeast extracts (YE). These tests were
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performed on serological 100 mL bottles. Each system contained a volume of 50 mL of water
coming from a sample site. Different compositions of SC were evaluated: 1) PGALYE, 2) GALYE, 3)
ALYE, 4 LYE, and 5) YE. The concentration of each nutrient was 100 mM. Each of these media
was prepared and 50 mg/L of Cr (VI} was added, without microorganisms and SC. Two SCA waste
effluents were used: “clarified” (CL) and waste lactose water of a local cheese business (WLW) for
SC a 50:50 v/v mixture was used (CL: WLW). In said sources, the reduction process was evaluated
at different concentrations of Cr (V1) {50,100,150,200,250,300 mg/L} which came from the matrix of
industrial leachate. The test samples were inoculated with a microbial proliferation consortium, while
the control samples were treated without microorganisms. The tests were performed in serological
120 mL bettles. The conditions for the operation were: room temperature (25+2°C) and constant
agitation at 120 rpm. These tests were monitored daily over a period of 15 days in which the
parameters analyzed were the concentration of Cr (V) by the colorimetric method of
diphenylcarbazide [4] and pH. Later the culture was performed on the plague over trypticase soy
agar (TSA) with the intent of guantifying the microorganisms present in test samples once the
biotransformation of metal was achieved.

RESULTS AND DISCUSSION

The leachate had a pH of 14 and 6810 mg/L of Cr (V). In figure 2, the biotransformation of the
metal through time is illustrated, and the effect of lactate as a donator of potential electrons is
observed and corroborated [3, 5, 6].

This permits the total biotransformation of metal. For all treatments a reduction in the
concentration of Cr (VI} was observed. The composition of SCS which most quickly reduces the
concentration of 50 mg/L of Cr (VI} was LYE (91.3%:) in a period of three days, while with the
PAGALYE medium (which contains all of the SC) a reduction of B3% was achieved in the same
time interval. With all of the SC tried, reductions of 100% were achieved in a period of 4 days,
except for the YE medium, which achieved highest efficiency at 10 days (89%). This is due to the
potential that compounds have to donate electrons in this medium; lactate and acetate are two
nutrients that have been proven to generate this effect [5, 7).

50
==t==CONTROL
e /\,A\H” 4 —=—PGALYE
i GALYE
250 e ALY E
= e LYE
3] \ YE
220
E
10
0 —lblG—bG—lbz: ﬁ
V] 2 4 & 8 10

Time (days)

Figure 2. Behavior of the reduction of Cr (V1) in batch systems with different combinations of SC.
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In this part it was concluded that lactate is an essential SC in systems for the reduction of Cr (),
due to its high potential for the donation of electrons.

Figure 3 presents the behavior of the reduction of Cr (VI) in systems, the mixture of CL+WLW, for
test samples presented a 99% reduction in 2 days for 50 mg Cr (VI)/L while for controls with the
same concentration it presented only 1.2% reduction in a period of 14 days.
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Figure 3. Effect of different doses of Cr (V) using CL+WLW and a microbial consortium as SC.
above (control samples), below (test samples).

For a mixture of CL+WLW, all test samples reached a 100% reduction of Cr (V). The required time

varied with the initial concentration of Cr in the system, while in control samples percentages of
reduction were less than 3%.

From the previous results, SC is an important factor in the biotransformation of Cr (V1) such as is
explained [3, 5, 7]. Lactate present in WLW presented a greater donation of electrons in the system
without reducing the importance of biotransformation on the part of microorganisms. This can be
observed clearly in tests with SC (CL+WLW at 300 mg Cr{VI)/L), while for the test samples, a 99%
reduction was reached in 12 days, control samples only reached 29%: over a period of 15 days.
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With respect to the pH levels (table 1) it was observed that in systems with a combination of SC
{CL+WLW) there is a considerable reduction in test samples that oscillates between 4 and 4.6 while
in control samples of this same SC, the reduction in pH was not so evident. This can be because
low pH levels (between 2-4) favor reactions of absorption/desorption of chromium ions and
protonation/deprotonation of the cell walls. The increase of pH in the solution increases the
negative charge on the cell surface because of the deprotonation of sites of metal unions [8].

Table 1. pH in the anaerobic systems for batch reduction of Cr (V).

Controls Test samples
pH Time T pH Time
sC mg Cr{VI)/L Initial Final Days Initial Final Days
50 5.54 5.54 5 4.07 4.03 5
100 6.36 6.4 8 5.9 4.2 8
150 7.11 6.86 8 4.4 4.1 B
i 200 7.4 731 | 12 | 74 44 | 12
250 8.46 8.34 14 7.4 4.6 14
300 9.0 8.65 14 9.5 4.6 14

Microbiological tests in plagues indicate that there was no reduction of growth, even though a slight
reduction of CFU (colony forming unit) was observed in relation to the increment in the initial
concentration of Cr (V) in experimental systems (table 2). Gram stain of each test sample reveal
that there are both gram" and gram’ colonies.

The type of colonies presents are very similar and mostly present bacilli forms. On some
occasions they join to allow diplobacilli and streptobacilli although they have also identified cocci,
diplococci and coccobacillus.

Table 2. Biomass in the TSA plagues after reduction of Cr (V) in the experimental samples.

mg Cr (VI)/L 50 100 150 200 250 300
CFU/mL 277X107  156X107 118X107 61.3X107 218X100 151X10

5. CONCLUSIONS

With this study we can conclude that the source of carbon is a very important factor in the
biotransformation of Cr (V) in anaerobic reactors.

Mot all waste effluents present a reduction capacity (CL) and the availability of SC is another
variable that should be considered (WLW); therefore it is considered convenient to use mixtures,
since they present a higher percentage of reduction in batch systems (CL+WLW) for 300 mg Cr
(VI)/L, reduction of 999 in 12 days while control samples only reached 29.2% in 14 days. The
reduction time increased with the amount of heavy metals in the systems.

The pH in the system influences the development of the biomass and absorption and desorption
reaction in cell walls, which permits a greater biotransformation of metal in systems. The most
favorable pH are found between 4-7.

There is a selection of microbial populations by their resistance to exireme conditions and high
concentrations of metal. The study and identification of these populations can be a great
contribution for the development of economically viable alternatives for the reduction of Cr (1), the
studied industrial leachates and to aveid the contamination of the environment.
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