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Abstract

Heavy metals occur naturally within the earth crust; however, anthropogenic activities can
artificially introduce these elements into the environment. Despite being the foremost isolated

continent, Antarctica is not free from human contamination. Heavy metals are well-known to be
the powerful inhibitors of xenobiotics biodegradation activities. A microbial growth model was
presented for bacteria cell growth in the biodegradation of phenol containing heavy metals such
as zinc (Zn) and chromium (Cr) ions. The Gompertz model was used to estimate three main
growth parameters namely lag phase (A), maximum growth rate ({maz), and maximum cell number
at the stationary phase (Nmax). Bacterial growth for both heavy metals was shown to be properly
fit towards the curve with a high value of R? and low square root of the variance of residuals
(RSME) value. The effect of heavy metals at 1.0 ppm showed that Cr has a considerable effect
on bacteria consortium, inhibiting the degradation of phenol, while Zn has no effect, removing
100% of phenol. The predicted biokinetic from this model suggests the suitability of the bacteria
consortium to be used in phenol removal.
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INTRODUCTION (POPs) might reach Antarctica via Long-range Atmospheric

Transport (LRAT) from other continents within the Southern

Antarctica, the foremost farther region on Earth, is mostly
recognised as the last largely pristine and closed ecosystem. It has
a crucial impact on the global atmosphere system and the study of
past, present and future environments [1]. Despite its geographic
isolation, growing human activities in Antarctica have caused
different environmental emergencies in recent decades. Bargagli
[2] and Burton-Johnson et al. [3] stated that only less than 2% of
Antarctica is ice-free; yet, most human and terrestrial biological
activities are packed in these regions. Tin et al. [4] reviewed that
the most commonly found contaminants in the Antarctic ecosystem
are those associated with fuel spills, possibly toxic elements
(arsenic, cadmium, copper, lead, mercury, and zinc) and
polychlorinated biphenyls (PCBs). Available data indicate that
heavy metals, pesticides and other persistent organic pollutants

Hemisphere and even beyond [2].

In East Antarctica, metals are the common contaminants
of concern as a result of they had been proven to impact the native
flora and fauna. Elevated concentrations of copper, cadmium,
nickel and lead occur in marine sediments and tissues of benthic
fauna in nearshore environments adjacent to Australia’s Casey
Station in East Antarctica [5]. Besides, changes within the
community composition of local benthic diatoms are directly
related to metal contamination (tin, lead copper, and iron) in
sediments adjacent to Casey Station [6], whereas Majer et al. [7]
noted the bioaccumulation of arsenic, cadmium and lead in
invertebrates and macroalgae on the Antarctic Peninsula.

The existence of heavy metals, which may have been
discharged into the environment by natural resources or
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anthropogenic activities, can influence the exhibition of coupled
biogeochemical structures [8]. Therefore, the interactions among
heavy metals and local organisms are essential to be researched to
understand the behaviour of organisms and biochemical
ecosystems. According to Madoni et al. [9], Leduc et al. [10] and
Gikas et al. [11], the addition of trace amounts of heavy metals to
the environment of microbial cells often stimulates microbial
growth due to utilization of small amount of heavy metals by
microorganisms in various biochemical pathways. Yet, higher
concentrations have brought about an extreme decrease of
microbial activity, which was reflected by the reduction of the
evident growth rate and increment in the lag phase. Since the
microorganisms can adapt with time to relatively higher
concentrations of heavy metals, the effects of cell growth do not
depend only on the types of the microorganism and heavy metals.
Situations wherein simultaneous contamination with the aid of
heavy metals and organic compounds are present and have been
detected in manufacturing areas [12].

Chromium is considered harmful to the environment and
it is encountered in the oxidation states of tri-valent (IIT) and hexa-
valent (VI). The key sources of Cr are the chemical and
electroplating industry and the leather-based tanneries. Each
oxidation states have different biological and toxicological
properties. Tri-valent Cr accumulates within the cell membrane,
while hexa-valent Cr is transported into the cells where it is
diminished to tri-valent Cr and react with intracellular substance
[13-15].

Zinc is an important component for plants,
microorganisms, animals and humans. However, elevated
concentrations of Zn are also repressing or toxic to cellular
activities and growth, with the specific inhibitory concentration
being dependent on the activity or cell being investigated. Zinc has
been shown to inhibit respiration and growth of fungi, germination
of fungal spores and bacterial conjugation, as well as block the
adsorption of M13 coliphage to its host bacterium [16].
Concentrations of Zn rise unnaturally due to anthropogenic
activities. Most Zn is added in the course of industrial activities,
comprising mining, coal, as well as waste combustion and metal
processing [17].

In this work, a simple experimental set up was used to
determine the physiological and biochemical capabilities of phenol
degradation by Antarctic bacteria consortium sensitivity and proof
against heavy metals in the presence of two toxiferous known as Cr
and Zn.

METHODS AND MATERIALS
Microorganism and media

Bacteria consortium were obtained from the soil of Bernardo
O’Higgins Station, Antarctic. Phenol media (pH 7) included the
following constituents in 1 L of distilled water: KH2PO4 (0.4),
KoHPOs (0.2), NaCl (2.0), MgSOs (0.1), (NH4)SO4 (1.0),
MnS04.H20 (0.01), Fe2(SO4).H20 (0.01) and NaMoO4.H20 (0.01).
1 ppm of heavy metals was added into each 100 mL flask. Two
heavy metals were tested in this study, which were Cr and Zn. All
tests were carried out in triplicates. The control has no heavy metal
incorporation. The flasks were incubated in an orbital shaker at 150
rpm for 120 h at 10°C.

Biodegradation experiment

About 1 mL of the sample from each flask was transferred into a
1.5 mL Eppendorf tube. The sample was centrifuged using a
tabletop centrifuge at 130 rpm for 10 min. The supernatant was
carefully discarded into a test tube. Ammonium solution was
dropped into each test tube using a dropper to obtain a pH of 10 and
mixed. 10 pL of aminoantipyrene solution was pipetted to each test
tube, followed by 10 pL of potassium ferricyanide (CsN¢FeKs)
solution. The test tubes were incubated in a dark room for 15 min.
After incubation, the samples were diluted to a factor of ten. 100
uL of the sample was transferred to 900 pL distilled water into a
cuvette. The absorbance of the diluted samples was read at 510 nm
using a UV-Visible Spectrophotometer.

Kinetics models

The Gompertz model [18] was carried out to estimate the main
growth parameters namely, lag phase duration (A), maximum
growth rate ([max) and maximum cell number at the stationary phase
(Nmax).

RESULTS AND DISCUSSION

Soil as well as the water polluted by heavy metals lead to the
aggregation of toxic particles in living beings through the food
chain, which gave a negative impact on both physiological
activities on flora and human health [19, 20]. Thavamani et al. [21]
and Wong et al. [22] indicated that phenol-rich effluents generated
by the industrial factories conjointly discharge heavy metals,
inflicting in growth inhibition of most phenol-degrading
microorganisms used for waste product disposal. Therefore, a lot of
attention ought to be paid to the phenol removal performance of
microorganisms within the media containing the presence of heavy
metals.

Two different heavy metals, which were Cr and Zn, were
tested against Antarctic bacteria consortium to determine their
effects on phenol degradation (Figure 1). Based on the results
shown, the consortium was able to stand the toxicity of Zn at 1 ppm
concentration and degraded 100% of 0.5 g/L of phenol aside from
for Cr contained medium. Zinc was able to degrade phenol and
showed no inhibitory effect on the consortium because it is an
essential micronutrient for bacteria, even though it has significant
toxicity at high concentrations [23- 25].
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Figure 1. Effect of various heavy metals on biodegradation of 0.5 g/L
phenol. Data represent mean + SEM, N = 3.
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The consortium degraded 6% of phenol within the Cr contained
medium that illustrated a difference of about 94% compared to Zn
that contained medium and the control with no heavy metal
medium, but, able to grow in the presence of 1 ppm of Cr. Even
though Cr can cause DNA damage, the bacteria consortium can
resist them at a concentration of 1 ppm but unable to induce the
phenol degradation. According to Ramirez-Diaz et al. [26], Viti and
Giovannetti [27] and Zhitkovich [28], once Cr is inside the cells, it
will undergo a reduction caused by various enzymes and non-
enzymes activities, resulting in the production of several active
intermediates that could directly cause alterations of DNA and toxic
effects. Fatimah and Rao [29] declared that Cr is more damaging
towards Gram-negative bacteria than Gram-positive bacteria
because of the compositional variations within the cell membrane
of the bacteria since Gram-negative bacteria incorporated a
negatively charged lipopolysaccharide, it shows high binding
affinity towards positively charged Cr (III) ions [30].
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Figure 2. Growth curves (measured as optical density at 600 nm) for Zn
contained medium and Cr contained media obtained by Antarctic bacteria
consortium. Data represent mean + SEM

Growth curves for Antarctic bacteria consortium obtained at
different heavy metals (Zn and Cr) are illustrated in Figure 2, and
growth parameters (A, [tmax, and Nmax) were calculated by applying
the Gompertz model as shown in Table 1. These three parameters
can concisely the population growth kinetics under specific
environmental conditions and are therefore useful for evaluating
consortium performance given their technological use. In general,
low A values indicate that a strain can rapidly begin multiplying,
thus hindering the development of indigenous microbiota.

Table 1. Growth parameters of Antarctic bacteria consortium estimated by
the Gompertz model

Parameters Control Zinc Chromium
A (h) 0.025 0.039 0.035
tmax (A7) 40.17 25.59 28.50
Nimax (ODs00) 0.660 0.974 0.591

High pmax values indicate that the bacteria are colonising the
substrate rapidly and efficiently, while high Nmax values indicate
that a high number of bacteria are present at the end of the growth
process [31]. The Gompertz growth curve model for Antarctic
bacteria consortium with the presence of Zn visually gave a better
fit of experimental data (Figure 3) as the coefficient of
determination (R?) was 0.9541. The square root of the variance of
residuals (RSME) value of this model was 0.0668, which indicates
a better fit as it has a low value of RSME [32]. Meanwhile, the

growth curve model for Antarctic bacteria consortium with the
presence of Cr to degrade phenol was shaped properly as in Figure
4 for Gompertz model where the RSME value was 0.0378. The
graph was determined significantly as the value of R? was 0.9365.
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Figure 3. Gompertz growth curve on effect of Zn on Antarctic bacteria
consortium.
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Figure 4. Gompertz growth curve on effect of Cr on Antarctic bacteria
consortium.

Overall, the consortium showed less adaptability at Cr with respect
to Zn (Figure 2). Clearly, Zn resulted in better growth rates,
indicating that 1 ppm of Zn does not give any effect to the bacteria
consortium growth. In Zn incorporated medium, the consortium
showed a significantly shorter lag phase and reached higher Nmax
compared to that of with Cr incorporated medium. Moreover, the
shapes of the consortium growth curve of Zn contained medium
highlighted marked differences with the consortium growth curve
of Cr contained medium. All the values for the lag phase (L),
maximum growth rate (Hme;) and maximum cell number at the
stationary phase (Nmax) fell within the 95% confidence interval of
the distribution for both growth curves on the effects of Zn and Cr.

CONCLUSION

In conclusion, we report for the first time the growth kinetics of the
consortium for Zn contained medium and compare the kinetics with
Cr contained medium under the same conditions. These data can
help to better define and compare the effects of these two heavy
metals toward the Antarctic bacteria consortium. Further studies
will be needed on a greater number of concentrations of heavy
metals to evaluate whether a higher concentration of heavy metals
can affect the bacteria consortium performance in degrading phenol
pollutants.
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