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Abstract: This work was initiated to study the biodiversity of filamentous fungi in drainage water channels and
their correlation with heavy metal pollution. Results showed that all water samples collected from different drainage
channels were contaminated by Cd, Co, Cu, Mn, Pb and Zn but in various and relatively low concentrations.
Aspergillus, Penicillium, Mucor, Trichoderma and Rhizopus were the most prevalent genera. The dominance of
these genera varied in different sites. There was a basic similarity in prevalence and fluctuation of fungi isolated
from both the large and the small channels.

Tolerance of A. flavus var. flavus, A. fumigatus, A. terreus var. africanus, A. niger, A. oryzae, M. racemosus, P.
citrinum, R. stolonifer and T. viride to Zn, Pb and Cd was studied. Results proved that all of these fungi could resist
presence of heavy metal but to various limits. T. viride seemed to be the most tolerant fungus against Zn and Pb
whereas M. racemosus was the most tolerant one to Cd. This study recommends that application of multi-species
system could play an effectiverolein biosorption of heavy metals from waste waters rather than using of individual
Species.

K ey wor ds: Aspergillus, biosorption, heavy metals, Mucor, mycobiota, Penicillium, pollution, Rhizopus, Trichoderma.

I ntroduction

Pollution of the environment by heavy metalsarisesasa
result of many human activities, such as mining and
milling industries, agricultural practices and sewage
disposal. The pollutantsare discharged or transportedinto
the atmosphere and aquatic and terrestrial environments
mainly as solutes or particulates and may reach high
concentrations. Asaresult, heavy metal spose apotential
threat to terrestrial biota (Hsu et al., 2006)

Aqueous heavy metal pollution represents an
important environmental problem duetoitstoxic effects
and accumulation throughout the food chain. The most
common heavy metals discharged into aquatic
environments are Cd, Cu, Zn and Pb (Moore and
Ramamoorthy, 1984). The existence of these pollutants
in wastewater bodiesis of amajor concern because their
toxicity threatens humans and other life forms
(Namasivayam and Yamuna, 1995).

While the removal of toxic heavy metals from
industrial wastewaters has been practiced for several
years, the effectiveness, and particularly the cost
effectiveness, of the most common physical-chemical
processes is limited. Biological materials have shown
potential for heavy metal removal, but only low-cost
biological material swith sufficiently high metal-binding
capacity and selectivity for heavy metals are suitable for
use in a full-scale biosorption process (Kratochvil and
Volesky, 1998). Many microbial cellsare known to adsorb
metal ionson their cell walls or to accumulate metalsin
their cytoplasm. The biosorption method is recognized
as having excellent selectiveness compared to the
chemical treatment method; moreover, it does not
produce toxic materials (Park et al., 2003).

Recent studies show that the strains isolated from
contaminated soils and electroplating effluent-
contaminated sludge have excellent capability of
removing significant amounts of metals from both
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agueous solution as well as electroplating effluents
(Malik, 2004). There has been avast range of metalsand
strain combinations explored in various studies; therefore
exploring the biodiversity of tolerant microorganismsand
resistant strains in polluted water bodies is of a red
interest. Good understanding of microbial sensitivity to
heavy metals could enhance the application of
microorganisms as indicators to the degree of pollution
with heavy metalsin aspecific area. Thereisalso aneed
to improve understanding of the mechanisms involved
in transfer and mobilization of trace elements by
microbiota and to conduct research on selection of
microbial isolates growing on heavy metal contaminated
sources to improve the chances of successful
bioremediation.

The main objective of this study was to investigate
the biodiversity of mycaobiota in heavy metal polluted
water bodies. Also to evaluate the tolerance of the
common fungi isolated from the investigated sources to
enhance their use in heavy metal bioremediation.

Materialsand M ethods

Site Description and Sample Collection

The main drainage channel in the western part of Delta
region of Egypt starting at EI-Gharbya and passing
through Kafr-El Sheikh governorate to follow into the
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Mediterranean sea was selected as the large drainage
channel in the Delta region. From this channel, sites 1-
10 were studied. Other 16 small channels in the middle
and eastern parts of the Delta region distributed in five
governorates (Damietta, El-Dakahlia, El-Kayobia, El-
Monofeyiaand El-Sharkya) wereinvestigated (Figure 1).
Water samples (500 ml/sample) werecollected in sterilized
glass bottles and were kept in a refrigerator until used.
From each site, five separate samples were collected and
wereanayzed separately and the mean of thefive samples
was considered.

Estimation of Heavy M etal Concentration in

Water Samples

Concentrations of six elements (Cd, Cu, Co, Mn, Pb and
Zn) were determined from the water samples using
Inductively Coupled Plasma-Mass Spectrometry (Varian,
Model AA 55 at the Chemistry Department of Assiut
University). All concentrationsare expressed in ppm. All
specimens were run in patches that included known
standards, method blanks, and spiked specimens.

I solation, Enumeration and | dentification of
Filamentous Fungi

Fiveml of thewater sampleswerefiltered through sterile
0.45 pm membrane (47 mm diameter) cellulose nitrate
filters. These filters were aseptically transformed onto
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Figure 1: A map of Delta region of Egypt showing the number of selected siteswherethe
water sampleswere collected from drainage water resour ces.
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sterilized Perti plates to make the surface of the filter
containing the spores upward and fivereplicatesfor each
sample. Ten ml of Czapek yeast extract agar mediawhich
consisted of one litre distilled water, 1.0 g/l K,HPO,,
3.0 g/l NaNOg, 0.5 g/l MgSO,.7H,0, 0.5 g/l KClI, 0.01
o/l FeSO,.7H,0, 20.0 g/l glucose, 2.0 g/l yeast extract,
3.0 g/l peptone and 15.0 g/l agar was added into each
plate and then incubated at 28+1°C for seven days. During
and after the incubation period the grown fungi were
examined and identified.

Fungi wereidentified on the basis of macroscopic and
microscopic features (Ellis, 1971; Moubasher, 1993;
Raper and Fennell, 1965; Pitt, 1979; Pitt and Hocking,
1997).

Heavy Metal Tolerance of the Common Fungi

Fungal strains including Aspergillus flavus var. flavus,
A. fumigatus, A. niger, A. oryzae, A. terreusvar. africanus,
Mucor racemosus, Penicillium citrinum, Rhizopus
stolonifer and Trichoderma viride were tested for their
resistance and growth in the presence of various
concentrations (0, 50, 100, 150, 200, 250, and 300 ppm)
of heavy metals (Zn, Pb and Cd). The growth rate of
these organisms was determined by measuring the
mycelial biomass according to the method described by
Errasguin and V &zquez (2003) with some modifications.
The fungus was grown in 250 ml Erlenmeyer flasks
containing 50 ml of Sabouraud liquid medium (Scharlau)
was used because of its comparatively low metal binding
(Garcia-Toledo et ., 1985). This medium consisted of
1% peptone and 2% dextrose, pH 5.8. Peptone, rather
than other nitrogen-containing organic substrates. The
medium was amended with progressively increasing
concentrations (in steps of 50 ppm) of zinc, lead or
cadmium until alethal dosewas achieved for each metal.
The cultures were inoculated with 1 ml of spore
suspension of 7-d-old coloniesand incubated at 28+1°C
inan orbital shaker at 150 rpmfor fivedays. Themycelia
were harvested by filtration through anitrocel lulosefilter
with a pore size of 0.45 um (Millipore) and were dried
overnight at 65°C to determinethedry weight. Triplicates
of all assays were performed. This experiment was
performed twice and the mean was taken in account.

Results and Discussion

Data in Table 1 reveal that all water samples collected
from either thelarge or the small drainage channelswere
contaminated with heavy metals except for samples 7-
26 which were devoid of Cu. Samples 2-4, 11-15 and
17-23 did not contain Co. The other four determined

Table 1: Heavy metals concentrations from the large
drainage channel (1-10) and small drainage channels

(11-26)
Ste No. Concentration of heavy metal (ppm)
Cd Mn Zn Pb Cu Co
Large drainage channels
1 0.014 0.665 0.002 0.104 0.008 0.015
2 0.015 0.047 0.053 0.050 0.015 0.000
3 0.019 0.060 0.016 0.143 0.016 0.000
4 0.015 0.076 0.012 0.303 0.024 0.000
5 0.025 0.231 0.033 0462 0.018 0.090
6 0.017 0.114 0.037 0528 0.007 0.035
7 0.015 0.219 0.036 0.803 0.000 0.051
8 0.064 1135 0.034 1075 0.000 0.079
9 0.043 0.202 0.038 1.278 0.000 0.042
10 0.026 0.193 0.055 1.496 0.000 0.225
Small drainage channels
1 0.030 0.395 0.047 2.882 0.000 0.000
12 0.044 0.388 0.040 2927 0.000 0.000
13 0.034 0473 0.037 3121 0.000 0.000
14 0.039 0460 0.043 3.175 0.000 0.000
15 0.030 0405 0.042 3299 0.000 0.000
16 0.038 0.487 0.047 3385 0.000 0.073
17 0.044 0482 0.046 0.146 0.000 0.000
18 0.036 0432 0.039 0221 0.000 0.000
19 0.054 0505 0.042 0.29% 0.000 0.001
20 0.060 0485 0.043 0537 0.000 0.000
21 0.044 0505 0.046 0585 0.000 0.000
22 0.041 0516 0.053 0624 0.000 0.002
23 0.038 0.509 0.046 0.665 0.000 0.000
24 0.045 0599 0.045 0.843 0.000 0.015
25 0.053 0525 0.179 1.017 0.000 0.046
26 0.052 0524 0.058 1.065 0.000 0.023

heavy metals (Cd, Mn, Zn and Pb) were detected but in
various amountsin all samples. The highest valueswere
detected in case of Pb in all samples and ranged from
0.221 up to 3.385 ppm. It was noticed that the large
drainage channel contained relatively lower amount of
Pb than small drainages. The concentration of Pb aswell
asthetotal concentration of all heavy metalsin thelarge
drainage channel gradually increased towards its outlet
(Figure 2).

Mn was detected in considerable amounts in the
majority of samples. Zn and Cd were determined in low
valuesin both the large and small drainages. Regarding
Cd, there was no obvious trend either to increase or to
decrease among al sites. The main source of these heavy
metals are various agricultural activities such as
agrochemical s usage and long-term application of urban
sewage sudge in agricultural soil, industrial activities
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Figure 2: Total fungal count (cfu/5 ml), total heavy
metals and Pb concentration (ppm) in thelarge
drainage channdl.

such as water disposal, waste incineration and vehicle
exhaust (Ayres, 1992; Khan, 2005; Pal et al., 2006).
Results indicated that Pb noticeably increased towards
the outlet of the large drainage channel. This could be
due to the intensive disposal of many factories' wastes
directly into the channel’swatercourse. Thisassumption
was supported by Hong et al. (1994) who mentioned that
lead has been used in large amounts for 2500 years and
recently asafue additive.

Mycological analysis of water samples showed that
10 fungal genera comprising 25 species in addition to
four species varieties were isolated and identified from
10 studied sites collected from the large drai nage channel
(Table 2). Thetotal count of fungi irregularly fluctuated
among all sites. There was no correlation between the
total count of fungi and the level of either specific metal
or total heavy metals determined in the large drainage
channel (Figure 2). The highest total count was detected
in site no. 6 (90 cful/5 ml) while the lowest total count

was detected in site no. 3 (41 cfu/5 ml). Aspergilluswas
the most frequent genus. It was represented by 10 species
and four species varieties and comprised 40% and 58%
of the number of species and total count of fungi,
respectively (Figure 3). Among the aspergilli, A. flavus
var. flavus, A. fumigatus, A. niger, A. tamarii, A. terreus
var. africanusand A. terreusvar. terreusemerged in high
remarkable occurrence (more than 50% of sites) (Table
2). Penicillium was the second prevalent genus and
represented by six species. Only P. chrysogenum among
al penicilli was found in high occurrence and recorded
34 cfu asatotal count. P. corylophilumemerged in 50%
of the sites but gave the highest total count of penicilli.
Mucor racemosus, Rhizopus stolonifer and Trichoderma
viridewere among the prevalent generawherethey were
obtained from more than 50% of the sites. The genus
Fennellia was represented by F. flavipes and F. nivea
and they were encountered in moderate occurrence
remark. Gliocladiumvirenswasdetected only intwo sites
whereas Cladosporium cladosporioides was isolated
from only one site. Our findings are in agreement with
those obtained by many authors, who reported the
presence of these genera and species in water recourses
inmany latitudes (Khallil and Abdel-Sater, 1993; Steiman
et a., 1995; Klich, 2001). Arvanitidou et al. (2002)
reported that among the most prevailing filamentous
fungi isolated from coastal water samplesfrom northern
Greek were Penicillium, Aspergillusand Alternaria spp.

From Table 3, it is clear that 35 fungal species and
four speciesvarietiesbel onging to 12 generawereisol ated
from 16 different sitesfrom the small drainage channels.
Aspergillus seemed to be the most prevailing genus. It
wasrepresented by 15 speciesand three speciesvarieties.
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Figure 3: Percentage of species composition (%) and percentage of gross total

count of genera isolated from the large drainage channel.
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Figure 4: Percentage of species composition (%) and percentage of grosstotal count of
generaisolated from the small drainage channels.

This genus comprised 40% of the total isolated species
and 37% of the total count (Figure 4). The second
prevalent genus was Penicillium. It was represented by
six species and comprised 21% of the total species and
37% of thetotal count (Figure4). Cladosporium, Mucor,
Rhizopus and Trichoderma were among the prevalent
genera that were recorded in high occurrence remarks.
Each of these genera comprised 3% of the total species
except for Trichoder ma which comprised 6% of thetotal
species. Botryotrichum piluliferumand Fennellia flavipes
wereisolated in moderate frequency and they had 25 and
39 cfu astotal counts, respectively. Alternaria alternata
and Scopulariopsis brumptii were isolated in low
occurrence remark (25% of the sites). The other two
generaCochliobulusand Fusariumwererarely recovered
(Table 3).

The similarity in biodiversity and fluctuation of the
genera and species obtained from both the large and the
small drainage channels greatly supported the presence
of these organisms in these water bodies. These results
arenearly similar with findings of other researchersfrom
either in Egypt or many other countries (Bettucci and
Roquebert, 1995; El-Nagdy, 2000). West (1986)
demonstrated that the fungi isolated from potable water
were dematiaceous (63%) and more specifically
Cladosporium (27%), Phoma (9%), Alternaria and
Exophiala (each 7%). Arvanitidou et al., (1999) indicated
the prevailing genera encountered throughout the
drinking water system and constituted a residua flora
were Penicillium, Aspergillusand Candida. Some species
of these genera were isolated from soft deposits in
pipelines (Zacheus et al., 2001). El-Hissy et al. (1990)
reported that thefungal population in water sampleswas

mainly Fusarium, Aspergillusand Penicillium. Nasar and
Munchi (1980) mentioned that the fungal population in
freshwater pond of Bhagal pur (India) ismainly composed
of the Aspergillus, Penicillium, Fusarium, Cladosporium,
Epicoccum and Mucor. We could assume that the basic
similarity in prevalence and fluctuation of the obtained
fungi isolated from both the large and the small channels
ensure the presence of these fungi, predominantly waste
water inhabitants.

Study of thetolerance of nine common fungal species
to Cd, Pb and Zn indicated that all of these fungi could
resist the presence of heavy metals but to various limits.
Regarding their resistance, the tested fungi could be
categorized into two groups (Figure 5a-i). Thefirst group
included A. terreusvar. africanus, A. fumigatus, A. flavus
var. flavus, P. citrinum and M. racemosus. The first
species was the most sensitive to the three heavy metals
(Figure 5a). A dramatic decrease in its growth rate was
observed since the lower dose was applied. A. fumigatus
showed some resistance against the heavy metals. Its
growth gradually decreased until the lethal dose was
reached (250 ppm) (Figure 5¢). A. flavus var. flavus was
more resistant comparable to the other two previous
species especially to Zn (Figure 5d). Both P. citrinum
and M. racemosus showed asimilar responseto thelower
doses of the heavy metals (50 and 100 ppm), whereas P.
citrinum was sharply affected. However M. racemosus
resisted the higher doses of the heavy metal up to 250 or
300 ppm (Figure 5f and g). In this context, efficient Zn
uptake by growing cellsof Aspergillus spp. isolated from
industrial waste has been reported (Sharmaet al., 2000,
2002). Massaccesi et al. (2002) isolated A. terreus from
industrially polluted sediments and applied it as Cd-
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Figure 5a-i: Heavy metal tolerance of the common speciesisolated from the drainage channels.

resistant isolate which had 122 (ppm/g) as uptake
efficiency of Cd in addition to C. cladosporioides,
Penicillium spp and Trichoderma koningii which had
efficiency to uptake Cd to 21, 37 and 82 (ppm/g),
respectively.

The second group of the tested organismsincluded A.
niger, A. oryzae, R. stolonifer and T. viride. The growth
of these organisms was activated by lower dose(s)
especially in case of Zn. The activation of the growth by

many metals such as Zn could be attributed to the
presence of Zn as a component in avariety of enzymes
and DNA-binding proteins (Chou et al., 1988) or it may
be complexed by various cellular components (Daniels
et a., 1998). The growth of A. niger was accelerated by
the low dose of all tested heavy metals (Figure 5b).
However T. viride was activated by the first three doses
(50-150 ppm) of both Zn and Cd. Growth of the organism
was gradually declined to reach their death point (250-
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300 ppm) (Figure 5i). Pal et al. (2006) isolated fungi
belonging to Aspergillus, Mortierella, Paecilomyces,
Penicillium, Pythium, Rhizopus and Trichoderma from
serpentine soil of Andaman (India) as cobalt-resistant
fungi and screened them for cobalt-resistance. He
reported that 11 out of total 38 isolated fungi tolerated
>6.0 mM Co(ll).

The presence of Aspergillus, Penicillium, Mucor,
Rhizopus and Trichoderma as common fungi in the
drainage water resources and their efficiency to resist
the presence of heavy metalsin high concentrations (up
to 300 ppm) could be recommended for using these
species in bioremoval of heavy metal-polluted agueous
systems. Removal of metal ions from aqueous sol utions
has been studied with strains of Penicillium (Galun et
al., 1983) , Rhizopusarrhizus(Tsezosand Vel osky, 1982;
Tobin et al., 1984), Rhizopus oryzae and Aspergillus
oryzae (Huang and Huang, 1996). Recently, efficient Zn
uptake by growing cellsof Aspergillusspp. isolated from
industrial waste has been reported (Sharmaet al., 2000,
2002).

The present study showed that T. viride seemed to be
the most tolerant fungus against Zn and Pb whereas M.
racemosus was the most tolerant one to Cd. It could be
supposed that both species may play an effectiverolein
biosorption of multi metals from waste waters. The
presence of these fungi and other common speciesinthe
drainage water resources could explain the low
concentration of the various heavy metalsin such water
bodies. Also, complete absence of Cu and Co in many
sites could be due to co-existence of these species. This
assumption is in agreement with Malik (2004) who
mentioned that use of multiple species consortia has
proved advantageous for higher metal scavenging and
more stability against environmental fluctuations. Valix
et al. (2001) showed a growth pattern for fungi exposed
to various heavy metals, which appears consistent with
various strains investigated. He studied the tolerance of
Penicillium funiculosum, Aspergillus foetidus, and P.
simplicissmumfor heavy metal's, which could beleached,
from nickel laterite ores(Ni, Co, Fe, Mgand Mn). These
strains were exposed to heavy metals up to 2000 ppm
and the efficiency of heavy metal uptake was varied
among the different strains.

The fundamental recommendation of this study
concludes that isolation of new heavy metal-tolerant
fungal strains especially from polluted water has
promising effect in bioremoval of heavy metal. Also,
application of multi-species system could have high
efficiency in bioremoval of different heavy metalsfrom
waste waters rather than application of single organism.
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