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ABSTRACT

Heavy metal contamination in ground water resources and in air is a major problem today
which requires appropriate treatment before discharge in to environment. Bioleaching is proposed
as an ideal method of removing heavy metals before discharge into environment. In the present
study heavy metal tolerant filamentous fungi was isolated from municipal sewage towards their
development. as ideal biccatalyst for bioleaching of heavy metals from municipal sewage. Among
the fungi 1sclated from municipal sewage sludge two 1solates, which were identified as Aspergilius
niger and Penictllium chrysogenum, showed tolerance to copper, cadmium and lead, the main
petroleum related heavy metals present in wastes and waste water These strains were exposed to
heavy metals up to 800 ppm. Heavy metal concentrations had a direct impact on the cultural and
morphological characteristics of fungi during growth. Lead caused least variations in cultural and
morphological characteristics, compared to cadmium which was the most toxie, causing significant
cultural and morphological variations. Among the two organisms, the A. niger showed maximum
resistance while F. chrysogenum recorded the least tolerance particularly for cadmium. A growth
pattern, which was consistent for each fungus under the influence of varying concentrations of
heavy metals, suggest that both fungal species are able to adapt to high concentrations of heavy
metal and holds potential for use in bioleaching of heavy metals.

Key words: Aspergillus, metal resistance, municipal solid waste, Penicillium, screening,
submerged growth

INTRODUCTION

Once upon a time, water supply was adequate to meet the various demands of human beings.
But now a day’'s throughout the world today, the rise in water demand in urban areas coupled with
possible adverse climate scenarios, increasing awareness on environmental issues and lack of
additional water resources, pose new challenges to water resource managers (Kodikara et al., 2010).
Water-considered the o1l of the 21st century has been at the core of every discussion on sustainable
development (Joshi and Kapadia, 2010),

Heavy metals, a serious form of pollutants greatly affects water supplies and agriculture lands.
Heavy metals and trace elements in subsurface environments come from natural and
anthropogenic sources. The intense petrochemical works, rapid industrialization and urbanization
during last two decades increase this pollution enormously. Heavy metal pellution of the biosphere
has received huge concern due to its toxicity, abundance, persistence and subsequent accumulation
in envircnment. These toxic heavy metals in air, soil and water are global problems that are a
growing threat to humanity (Dong et al., 2010). Contamination of surface and ground water
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sources and soils by these metals is on an increase globally, in Gulf region particularly in Saudi
Arabia (Hashem, 1993) due to acid rain and gulf war. Because of their high solubility in the
aquatic environments, heavy metals can be absorbed by living organisms. Once they enter the food
chain, large concentrations of heavy metals may accumulate in the human body. If the metals are
ingested beyond the permitted concentration, they can cause serious health disorders. The fear of
polluting the Arabian Gulf has led the regional organization for protection of the marine
environment based in Kuwait to adopt a policy of not discharging wastewater into the sea
{Banks, 1991). It has been reported that sewage in the Riyadh area contains considerable amounts
of heavy metals (Mashhady, 1984).

Saudi Arabia, located in an arid region where water resources are limited, is the third largest
consumer of water per capita in the world. In recent years, the demand for potable water has
increased due to the growing population. Households are not the only consumers of clean water,
but industry and agriculture also need water on a daily basis. It has been estimated that the
agricultural sector accounts for 94% by volume of the total water consumption in Saudi Arabia
{Dabbagh and Abderrahman, 1997). Further, the municipal sewage and industrial waste water
discharged into environment also pollute the available ground water resources and coastal
environments.

Typical sewage may contain oxygen-demanding materials, grease, oil, scum, pathogenic
bacteria, viruses, pesticides, refractory organic compounds and heavy metals (Galler ef al., 2009).
Sewage, on treatments and disposal in to open environment results in the accumulation of large
amount of sludge, which are disposed off worldwide through land disposal. One of the main
concerns in the land disposal of sludge is the presence of toxic heavy metals which gets magnified
during various physico-chemical and bhiological interactions occurring in sludge treatment.
Another major concern over the presence of these heavy metals in the environment is their
non-biodegradability and consequent persistence. Since, the presence of heavy metals can pose a
long-term environmental hazard conce accumulated in land with time (Dutta, 2002; Mc-Bride,
1995), reduction or elimination of heavy metals from these sludge before land application is
necessary (Dutta, 2002; Mec-Bride, 1995). The commonest way of disposing waste water sludge and
solid waste is incineration, which results in heat and electricity production, as well as a significant
reduction in the waste velume. However, the produced ash 1s a problem (Fedje et al., 2010),

Heavy metal elements in municipal solid waste are gasified during incineration process and
then concentrated in ash particles mainly in the form of metal oxides, which are packed in silicate
crystal lattices. Generally, MSWI fly ash may be detoxified by removing or recovering toxic metals
before being reused as construction materials (e.g., cement, concrete, ceramics and glass)
{(Ferreira et al., 2003). It has been suggested that the treatment of the ash may lead to both
detoxification as well as potential resource recovery. Conventionally, thermal treatment, chloride
evaporation (Tateda et al.,, 1998) and chemical leaching (Tateda ef al., 1998; Hong ef al., 2000) are
used in the detoxification or decontamination of incineration fly ash. Unfortunately, these
techniques suffer from the main disadvantage of high-energy requirement, as well as the liability
of hazardous chemical usage during the treatment.

Bichydrometallurgical approaches are generally considered a green technology with low-cost
and low-energy requirement. Three main groups of microorganisms have been used for
bioleaching process; these are autotrophic bacteria (e.g., Thiobacilli sp.), heterotrophic bactera
(e.g., Pseudomonas sp., Bactllus sp.) and heterotrophic fungi (e.g., Aspergillus sp., Fenicillium sp.)
{(Schinner and Burgstaller, 1989). According to the general statements made about the differences
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in sensitivity of different groups of microbes: fungi are more resistant than bacteria (McGrath,
2001). Compared to bacterial leaching, fungal leaching has the following advantages: (1) ability
to grow under higher pH and thus is more suitable in bicleaching of alkaline solid waste; (2) a
generally faster leaching process with shorter lag phase and (3) ability of excreted metabolites (e.g.,
organic acids) to form complexes with metal ion, thus reducing its toxicity to the biomass
{Burgstaller and Schinner, 1993; Castro et al., 2000). In recent studies, heavy metals in MSWI fly
ash have been demonstrated to be extractable by A. niger according to four main mechanisms in
bioleaching process, including acidolysis, complexolysis, redoxolysis and bicaccumulation. In this
context the present study deals with screening of potential fungi that can tolerate heavy metals
from municipal sewage solids and their prospects for utilization in bicleaching.

MATERIALS AND METHODS

Isolation of fungi: Potential fungi that could grow in medium containing heavy metals were
isolated from sewage sludge collected from municipal waste water treatment plant (North plant),
Riyadh, Saudi Arabia during the period between January 2009 to December 2009, Sludge disposed
at the collection was aseptically collected ad transferred into sterile polythene bags, transported
immediately to laboratory and processed for microbiological analysis. Ten gram of the collected
sludge was added into presterilized Ringers solution and hemogenized for 30 min in an sterile
electric blender and appropriate serial dilutions were prepared and used as inocula for plating on
Czapek Dox agar containing sucrose 30.0 g; sodium nitrate 3.0 g; magnesium sulfate 0.5 g;
potassium chloride 0.5 g; iron (III) sulfate 0.01 g; di-potassium hydrogen phosphate 1.0 g and
agar-agar 13.0 g in 1 L of distilled water was prepared and used for isolation of fungi. After
incculation the plates were incubated at 25°C for 3-7 days (Saxena ef al., 2006). Fungal colonies
with different morphologies were selected, subcultured, purified by repeated streaking and
maintained as stock culture in the same medium. The pure cultures were used for further studies

Screening for metal tolerance: All the fungal 1solates were evaluated for their metal tolerance
and growth efficiency in the presence of varying concentrations of heavy metals that included
copper as CuS0,*5 H,O, cadmium as Cd (NOz),*4 H,O and lead as Pb (NO,), based on the methods
of Nazareth and Marbaniang (2008) using Czapek Dox agar. The strategy adopted for screening
of metal tolerant fungi was to evaluate growth in agar plates containing increasing concentrations
of metals by successive transfer of colonies to fresh plates with increased concentration of metal till
there was no growth. Fungal growth was monitored by measuring the spread of the culture from
the point of inoculation or centre of the colony. Appropriate controls were also maintained for
comparative evaluation. Tolerance was measured from the growth of the fungi in the presence of
metal divided by growth in the same pericd in the absence of metal (Valix et al., 2001). Isclates
which showed significant growth and tolerance to high concentration of metal were ranked and two
best strains were selected and identified to species level on the basis of their cultural and
morphological characteristics (Alexopoulos ef al., 1996; Burnett, 1978).

Impact of heavy metal concentration on growth and morphology of fungi: Impact of
varying concentrations of heavy metal on growth and physiclogical response of fungi to metals was
assessed by growing the fungi in Sabouraud broth incorporated with desired heavy metals. Two
strains, namely A. niger and P.chrysogenum, selected from screening studies were used in this
study. Inoculums for the studies were prepared as spores by consecutive cultivation, three times,
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on Sabouraud Dextrose Agar (SDA) plates. Five-day-old conidia were harvested from Sabouraud
dextrose agar surface using sterile distilled water and appropriate dilutions were made such that
the spore suspensicn contained 3.5x10% spores mL 1. The heavy metal tolerant fungi were grown
on S-CDA plates in the presence of the metal at a mid-point of the maximum tolerance
concentration and at a sub-maximal tolerance level (Saxena et al., 2006). Two sets of flasks were
prepared containing medium incorporated with metals and without metal (control). After
incculation of the medium at 1% level (v/v), the flasks with inoculated media were incubated at
25°C for a period of 7 days, one set in a static condition and another set in an environmental shaker
{150 rpm). The fungal cultures were periodically examined visually for changes in their cultural
characteristics such as growth pattern, colony morpholegy, sporulation microscopically and pigment
production. The pellet formation in the medium and changes in colony morphology during
submerged cultivation were also determined using micrometry under trinoceular Nikon microscope.
The dry weight of the mycelial mat obtained from the flask culture after incubation was also

determined {(Saxena ef al., 2006) as given below:

Percentage of increase in the dry weight of the mycelial mat as compared to its fresh weight = ylxl =100 or M %100
y-X Wet weight

RESULTS

About 100 fungal isolates were cobtained from the municipal sewage sludge on plating the
sample on Czapek Dox agar medium. All the isolates were initially grown in Czapek Dox broth
containing selected heavy metals and checked for growth. Based on their growth and biomass
obtained they were ranked and the best two strains which showed maximal biomass alone were
selected for further studies. Both the two strains were identified as Aspergillus niger KSUF10 and
Penictllium chrysogenum KSUFGH,

Both the strains grew faster in the absence of heavy metals. A. niger growth was luxuriant and
the colonies were dark brown velvety with black conidial heads. On reverse side the colony was pale
yellowish (Fig. 4). When cbserved under light microscope, the conidia appeared to be well arranged
and spore chains were formed after 3 days of incubation. . ehrysogenum produced flat colonies,
blue green spores and found to produce green yellow pigment. at the centre with age. The maximum
tolerance levels of the cultures to the heavy metals tested are shown in Fig. 1. Both the cultures
showed concentration dependent reduction in their growth response to both copper and cadmium,
while recording some tolerance to lead. The cultures, in the presence of metals, showed striking
variations in colony morphology as compared to the controls; which were more proncounced (Fig. 4).
With increasing metal concentrations, both the cultures showed delayed sporulation along with
increase in concentration. Whereas, the pigment production in F. chrysogenum increased with
concentration of the metal. A. niger showed some kind of concentration dependent. extracellular
compound preduction in the presence of copper. Further both the isclates exhibited marked changes
in their conidial head and size of the conidium. Cultures grown for five days with different
conecentration of metals showed variation in fungal biomass when compared with control medium.
Significant decrease in mycelial mass (Fig. 2, 3) was observed both in static and aerated incubation
conditions along with inecreasing concentration of metal when compared to control (Fig. 5, 8).
The mycelial growth over the surface of the medium to form a mat, which 1s also referred as pad,
was observed during the growth of fungi in the metal containing medium.
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Fig. 1: Plot of municipal sludge fungal tolerance and growth to heavy metals

400
350
300 -
250 -
200 -
150 -
100
50 " Control
0 = 800

Aeration
Static | Aeration
Static Aeratlon|200 Metal concentration

Mycelial dry weightin mg

Copper Lead Cadmiurp

Fig. 2: Plot of municipal sludge fungi A. niger and F. chrysogenum tolerance and growth
response to heavy metals in submerged (static) condition
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Fig. 3: Plot of municipal sludge fungi A. niger and F. chrysogenum tolerance and growth
response to heavy metals in submerged (aerated) condition
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Fig. 4. Cultural and morphological characters of municipal waste isolate A. niger (a, c, e)
and P. chrysogenum (b, d, £) on CDA with metal copper (a, b), lead (¢, d) as well as
cadmium (e, ©) in the conc. 200 (1), 400 (2), 600 (3) and 800 {4)
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Fig. b Submerged growth (static) cultural and morphological characters of municipal waste
isolate A. niger (a, c, e) and P. chrysogenum (b, d, f) on CDA with metal copper (a, b),
lead (¢, d) as well asg cadmium (e, f) in the cone. 200 (1), 400 (2}, 600 (3) and 800 (4)
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Fig. 6: Submerged growth (aerated) cultural and morphological characters of municipal
waste isolate A. niger (a, c, o) and P. chrysogenum (b, d, £) on CDA with metal copper
(a, b), lead (¢, d) as well as cadmium (e, f) in the conc. 200 (1), 400 (2}, 600 (3) and 800

@)
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DISCUSSION

Organisms under the stress of the environment develep various mechanisms in order to cope
with the adverse conditions. In fungi, severe stresses may be tolerated by inherent physiological
characteristics, or by adaptation through a temporary alteration in their developmental pattern
{Nazareth and Marbaniang, 2008) which i1s highly evidenced in this study. Both the tested fung
showed marked morpholegical changes during their development in this study. Microbes interact
with metals and minerals in natural and synthetic environments, altering their physical and
chemical state, with metals and minerals also able to affect microbial growth, activity and survival
{Gadd, 2010). All the three tested metals toxic nature i1s already known one which significantly
influenced the growth of the fungi in this study also. Number of earlier studies indicated that metal
resistant fungl have the ability to grow in an environment containing heavy metals. The fungal
survival in presence of toxic metals mainly depends on intrinsic biochemical and structural
properties, physiological and/or genetic adaptation, including morphological changes and
environmental modification of metal speciation, their availability and toxicity (Gadd, 1993), the
relative importance of each factor often being difficult to determine. Physiclogical changes induced
in response to metal stress in various microorganisms have been recorded (Nazareth and
Marbanmang, 2008). Metals are directly andfor indirectly involved in all aspects of microbial growth,
metabolism and differentiation (Gadd, 1992). The mycelial development, sporulation and
extracellular secretion were found to be significantly affected by heavy metals as cbhserved in this
study corroborates with earlier observation.

Mycelial growth of certain fungi occurs in form of pellets under submerged conditions in liquid
medium with agitation {Tucker and Thomas, 1992). This usually results from aggregation of spores
before germination, entrapment of spores by germ tubes or less commonly, aggregation of young
myecelia. It depends on the physico-chemical and physiological characteristics of spores and hyphae
{Prosser, 1994). Bioleaching of fly ash by the fungi A. niger was already established and first
reported by Bossahard ef al. (1996). Productivity of filamentous fungi, like A. niger, is closely
connected with the occurring morphological development based on macroscopic growth (Papagianni,
2004). Each product has its own optimum fungal morphology, as pelleted or freely dispersed
mycelia. Depending on the product targeted, A. niger is grown either as disperse mycelia (e.g.,
pectic enzyme production) (Calam, 1978) or as pellets (e.g., citric acid production) (Metz et al., 1979)
in submerged cultivations. The biomass dry weight and pellet size were used to follow growth
characteristics of filamentous fungi during submerged fermentations (Kelly ef af., 2008),
Advantages of pellet cultivations are the significant, decrease of the viscosity and the easier
separation of the biomass from the cultivation broth. The initial values of the A. niger pellet
diameter were of a similar size of approximately 0.9 mm, relatively unstructured and irregular at
the periphery and had overall a more homogeneous structure, When the concentration of the heavy
metals increased, the size of the pellets decreased and become more compact with more or less
circular morphelogy. In P. chrysogenum surface of pellets is locsely held together at lower
concentration of heavy metals with thin hyphae whereas hyphae on the inner side remain closely
packed and dense, the intensity of which increases with metal concentration. The metal toxicity,
have been reported to have a tendency to increase with moelecular weight (Avakyan, 1994).

The relative toxicity of the heavy metals for each strain becomes cbvious at the higher
concentrations. These heavy metals are expected to be as major pollutants in the municipal solid
waste of Saudi Arabia due to its ever increasing petrochemical and e-waste. The growth pattern,
for each of the fungi in the presence of heavy metals, as shown in kigures show predictable
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patterns, which is simmlar for each fungus. These results indicated the possible adaptation of the
fungi to heavy metal stress conditions and their potential for use in extracting metal from wastes.
In conclusion, the results of the present study suggest that native fungi isolated from municipal
sewage sludge of Riyadh city heolds immense potential for use as a bicleaching agent towards
bioremediation of heavy metals in municipal.
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