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Abstract— The objective of this study is to evaluate the diversity of fungi in heavily contaminated soils with heavy metals and characterize 
the most resistant isolates. Three soil samples were collected from different soil types such as clay alluvial (FFS), calcareous (WNS) and 
sewage farm (ARS) soils. Four heavy metals (Cd, Zn, Pb and Ni) under various concentrations and their effect on soil properties were 
investigated. The data showed that Alluvial and Wadi-Natrun soils had the highest values of maximum adsorption and fixation capacity of 
Cd, Zn, Pb and Ni metals. The highest counts of fungi were recorded in the calcareous soil and alluvial one treated with Ni. Twenty isolates 
were obtained from counted plates in the highest heavy metals concentrations. These isolates were screened on solid and liquid media 
enriched with increasing of tested heavy metals concentrations. Isolates No. FM01 and FM14 were the most tolerant for the highest 
concentrations of the applied Zn, Pb and Cd. Using of nano zero valent iron (nZVI) to enhance growth of fangal isolates was investigated. 
Over 90 % of 1700 ppm of Zn was removed by nZVI and fungal isolates could be able to grow well. As a result of morphology 
characteristics; isolates FM01 which tolerate 1600 ppm of Zn was classified as Aspergillus nidulans, while isolate FM04 which tolerate 
1600 ppm of Pb and 20 ppm of Cd was recognized as Aspergillus fumigates. The isolate FM14 was tolerated 20 ppm of Cd and classified 
as Aspergillus flavus.  Isolates FM10 and FM15 were tolerated 1700 ppm of Zn and characterized as Aspergillus niger and Aspergillus 
terreus respectively. The isolate FM20 which tolerate 1500 ppm of Pb and 20 ppm of Cd was classified as Penicillium sp. 

Key words — Fungal resistance, Heavy metals, Aspergillus sp., Contaminated soil, nano zero valent iron (nZVI).   

——————————      —————————— 

1 INTRODUCTION                                                                     

EAVY metals contamination of soil is widespread due to 
metal processing industries, tannery, combustion of 
wood, coal and mineral oil, traffic, and plant protection 

materials. Metals can exist in the soil solution as free cations 
(e.g. Cu+2, Cd+2, Zn+2) or organic ligands (e.g. ZnCl+, CdCl−3, 
metal citrates) and associated with colloidal material (Hissler 
and Probst, 2006). Heavy metals occur naturally in the soil 
environment from the pedogenetic processes of weathering of 
parent materials at levels that are regarded as trace and rarely 
toxic (Pierzynski et al., 2000 and Kabata-Pendias and Pendias, 
2001). Due to the disturbance and acceleration of nature’s 
slowly occurring geochemical cycle of metals by man, most 
soils of rural and urban environments may accumulate one or 
more of heavy metals to cause risks to human health, plants, 
animals, ecosystems, or other media (Khan et al., 2008 and 
Zhang et al., 2010). Ling-Yu et al. (2010) stated that the accumu-
lation of heavy metals, such as Cr, Ni, Cu, As, Cd, and Zn in 
soils was significantly affected by land use patterns.  

Some heavy metals (cobalt, chromium, nickel, iron, manga-
nese and zinc) are essential and required by organisms as mi-
cro nutrients (Bruins et al., 2000). They are involved in redox 
processes, in order to stabilize molecules through electrostatic 
interactions, as catalysts in enzymatic reactions, and regulat-
ing the osmotic balance (Hussein et al., 2005). On the other 
hand, many other metals such as Ag, Al, Cd, Au, Pb, and Hg 
have not biological role (nonessential) and potentially toxic to 
living organisms, especially microorganisms (Hussein et al., 
2005 and Xincai et al., 2008). However, at high levels, both of 
the essential and non-essential metals become toxic to the or-
ganisms. These heavy metals influence the microbial popula-
tion by affecting their growth, morphology, biochemical activ-
ities and ultimately resulting in decreased biomass and diver-
sity (Roane and Pepper, 2000). Heavy metals can damage mi-

crobial cell membranes, alter enzymes specificity, disrupt cel-
lular functions and damage the structure of DNA. Toxicity of 
these heavy metals occurs through the displacement of essen-
tial metals from their native binding sites or through ligand 
interactions (Nies, 1999). Microbial population responses to 
heavy metal contamination provide a relevant model for eco-
logical studies to assess the influence of environmental charac-
teristics (Guo et al., 2009). Several studies have demonstrated 
that metals influence microorganisms by affecting their 
growth, morphology and biochemical activity (Sandaa et al., 
2001; Tsai et al., 2005 and Pérez-de-Mora et al., 2006) and di-
versity (Dell Amico et al., 2008). Microbial survival in heavy 
metal polluted soils depends on intrinsic biochemical proper-
ties, physiological and/or genetic adaptation including mor-
phological, as well as environmental modifications of metal 
speciation (Abou-Shanab et al., 2007). Soil microorganisms 
play critical roles in the environment such as cycling mineral 
compounds and decomposition of organic material. Environ-
mental stress caused by heavy metals generally decreases the 
diversity and activity of soil microbial populations, and upsets 
the ecological balance of population interactions within the 
soil community.  

The specific aims of presented study are determining the 
amounts of pollutants prevailing in the soil used in three types 
of technological activities (intensive agriculture, industrial activ-
ities, sewage water disposal), and identifying the numbers of 
Fungi in the examined soils, studying the effect of increasing 
concentration of soil heavy metals or pesticides on the microbial 
structure in the studied soils. As well as determining the mini-
mum inhibitory concentration from pollutants for Fungal isolat-
ed from artificially polluted soils. 

H 
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2 MATERIALS AND METHODS 
2.1 Soil samples 
Three topsoil (0-20 cm depth) samples were collected from 
different sites and types in Egypt. These samples represented 
to alluvial soil (experimental farm of the faculty of agriculture, 
Cairo university, Giza), calcareous soil (Wadi-Natrun) and 
sewage farm sandy soil (Abu-Rawash) which were symbol-
ized as (FFS), (WNS) and (ARS), respectively. The collected 
soil samples were air-dried, crushed and stored as fine soil 
particles (< 2 mm). 

2.2 Characteristics of collected soil samples 
1. Particle size distribution was carried out by Pipette method 

as described by Gee and Bauder (1986). 
2. Organic matter was determined by wet oxidation method 

(Sparks, 1996). 
3. Total CaCO3 was determined using callin’s calcimeter 

(Sparks, 1996). 
4. Soil pH and EC were measured in a standing 1: 2.5 soil 

water suspension using combined electrode pH meter and 
conductivity meter, respectively (Jackson, 1973). 

5. Soluble cations Na and K were measured by flame 
photometer, while Ca, Mg, and soluble anions (Cl, SO4, 
CO3, and HCO3) were determined titrimetrically 
according to Page et al (1982). 

6. The concentration of heavy metals (Cd, Zn, Pb, and Ni) in 
the Aqua-regia, DTPA extracts of adsorption isotherm 
supernatants solution were determined using atomic 
absorption spectrophotometer (Perkin Elmer A Analyst 100 
U.S.A). 

2.3 Effect of heavy-metal pollution on soil fungal 
populations 

Portions of 100 g soil were weighted in 150 ml plastic cups and 
artificially contaminated with increasing concentrations of Cd 
(0,3,5 and 8 ppm), both Pb and Zn (70,250 and 400 ppm) and 
Ni (50,100 and 400 ppm) as solutions of sulphate salts. These 
concentrations were selected according to the guidelines of the 
critical limits of soil heavy metal content. Tap water was add-
ed to soil to bring the soil moisture up to field capacity, then 
incubated for 7 days at constant temperature (25˚C) through 
which the soil moisture was maintained at field capacity 
(F.C.). At the end of the soil incubation period, portions of 
spiked soils were subjected to the enumeration of fungi as well 
as Aqua-Regia and DTPA extractable Cd, Zn, Pb and Ni. 

2.4 Enumeration and isolation of fungal populations 
Enumeration and isolation of the dominant fungal popula-

tions was carried out the soils contaminated with heavy met-
als (Zn, Pb, Ni and Cd). Soil samples were serially diluted 
(Kapoor and Paroda, 2007) and plated onto potatoes dextrose 
agar medium as described by Atlas (2000). Colony forming 
units (CFU/g soil) were counted after incubating plates at 28 
˚C for 7 days. 

A total of 20 fungal isolates which tolerated the highest lev-
els of the tested heavy metals was collected. Fungal isolates 
were purified by repeated streaking on potatoes dextrose agar 
medium plates. 

2.5 Screening of heavy metal resistant Fungi 

Fungal isolates were screened for their resistance to heavy 
metals and pesticides in solid and liquid medium according to 
Bisht et al. (2012). A loopful growth of stock culture was inocu-
lated into 5 ml sterile distilled water, vortexed and 0.1 ml of 
the culture suspension was inoculated onto agar medium 
supplemented with increasing concentrations of the examined 
heavy metals at the following concentrations (Table 1). 
 
Table 1. Heavy metal concentrations (ppm) in growth media 

used for screening the isolated fungi. 

level Cd Zn Pb Ni 

1 2 25 100 25 
2 5 50 300 50 
3 8 75 500 75 

4 11 100 700 100 
 

Growth of the microorganisms was further challenged in the 
specific liquid media of fungi containing different concentra-
tions of the examined heavy metals. Erlenmeyer flasks (250 
ml) containing 100 ml of the specific medium supplemented 
with the examined concentration of heavy metal were inocu-
lated with 1ml mother culture and incubated at 28 ˚C on a ro-
tary shaker at 100 rpm. Growth of fungi in their liquid media 
was recorded by measuring their dry biomass weight after 15 
days incubation at 30 ˚C on a rotary shaker at 175 rpm rotary 
shaker (Darwesh, 2008). 

2.6 Synthesis of Nanoscaled Zero-Valent Iron (nZVI) 
Synthesis of nZVI is based on borohydride reduction of Fe(III) 
(Wang et al. 2006). For the synthesis of 1.5 g of nZVI; 5.34 g 
FeCl3 was dissolved in a 4/1 (v/v) ethanol/water mixture and 
stirred on a magnetic stirrer. On the other hand, 1 M sodium 
borohydride solution was prepared. The final BH4-/ Fe3+ ratio 
is adjusted to 3, since excess borohydride is needed for better 
growth of nanoparticles.  
To separate the black iron nanoparticles from the liquid phase, 
magnet technique was used. At this point, solid particles were 
washed at least three times with 25 ml portions of absolute 
ethanol to remove all of the water. This washing process is 
probably the key step of synthesis since it prevents the rapid 
oxidation of zero-valent iron nanoparticles. Synthesized nano-
particles were finally dried in oven at 50 oC overnight. 

2.7 Phenotypic identification technique of fungal 
isolates 

Fungi isolates were morphologically identified using light 
microscope (kyowa optical model microlux 73) equipped with 
a camera by-which the micro-photography of the isolates was 
taken. 

3 RESULTS AND DISCUSSION 

3.1 Soil characteristics 
Three soil samples were collected from different soil type and 
location. The selected soils represent normal clay textured 
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alluvial in Faculty’s Farm (FFS) soil and calcareous in Wadi El- 
Natrun (WNS) soil  containing 14.4 % CaCO3 as well as sew-
age farm soil in Abu-Rawash region (ARS) containing 6.1 % 
Organic Matter (OM) as presented in Table (2). The results 
showed that the WNS soil is alkaline and had pH level 
reached to 8. The data showed that Zn metal recorded the 
highest concentrations in all the investigated soils followed by 

Pb as in the order: Zn> Pb> Ni> Cd. In addition, it was found 
that sewage-farm soil (ARS) contained the highest concentra-
tions of aqua-regia and DTPA extracted heavy metals especial-
ly for Pb and Zn but still in the range of marginal polluted 
soils as indicated by Angelova et al. (2010) and Erika-Andrea et 
al. (2010). 

 
Table 2. Physical and chemical characteristics of the investigated soil samples. 

Soil Analysis 
Faculty’s 

Farm 
(FFS) 

Abo Rawash 
(ARS) 

Wadi El-Natrun 
(WNS) 

pH (1:2.5) 7.76 7.32 8.06 

EC dS/ m (1:2.5) 1.43 1 1.26 

Soluble anions (me/l) 
(1:2.5) 

HCO3 3.3 4.1 2.9 

Cl- 4 2.6 3.8 
SO4-- 7.5 3.6 6.6 

Soluble cations (me/l) 
(1:2.5) 

Na+ 7 3.1 5.5 
K+ 0.3 0.8 0.2 
Ca++ 5.4 4.3 6.4 
Mg++ 2.2 2.1 1.2 

Organic Matter (OM) (g/kg) 13 61 8 
CaCO3 (g/kg) 11 26 144 
Total N (g/kg) 1.4 24 0.8 

Heavy metals 
(mg/kg soil) 

Pb 
AQ.R* 2.75 133.15 10.2 
DTPA 0.76 6.63 1.2 

Cd 
AQ.R 2.75 0.9 0.06 
DTPA 0.03 0.14 0.02 

Zn 
AQ.R 77.8 446.6 55.1 
DTPA 5.5 23.06 7.6 

Ni 
AQ.R 4.03 2.23 0.48 
DTPA 0.55 0.1 0.05 

AQ.R*= Aqua-Regia extract 
 
 

 

3.2 Fungal diversity in heavy metals artificially polluted 
soils 

The total fungal counts (TFC) of the investigated soils under 
the stress of increasing concentrations of heavy metals (Cd, 
Zn, Pb and Ni) were presented in Table (3). The data showed 
that counts of fungi decreased with increasing the concentra-
tion of all the tested heavy metals in all the investigated soils. 
The highest values were noticed in the calcareous soil (WNS) 
and alluvial one (FFS) treated with Ni and reached to 21 and 

30 * 104 cfu/g soil, respectively. In case of Cd and Pb, The soil 
of sewage farm (ARS) showed the highest of TFC. With re-
spect to Zn, it is interesting to notice that the highest of TFC 
values was recorded in the calcareous soil (WNS) which could 
be rendered to the antagonism of Zn-Ca which inhibited the 
toxicity of Zn ion. Elekes and Busuioc (2011) stated that heavy 
metal absorption by higher fungi is influenced primarily by 
the species, but also by soil pH and concentration of other 
metals in the soil and this interaction of chemical elements can 
be synergistic and/or antagonistic. 
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Table 3. Total Fungal counts in FFS, ARS and WNS Soils polluted with Heavy metals  

Heavy metal concentrations (ppm) 
TFC*104 

ARS FFS WNS 

Control 30 100 10 

Cd 
3 9 3.2 8 

5 1 0.4 0.4 

8 0.1 0.15 0.37 

Zn 
70 1.6 2.5 24 

250 1 0.07 2.4 

400 0.1 0.03 0.13 

pb 
100 15 0.34 1.8 

250 1.2 0.13 0.4 

400 0.4 0.09 0.08 

Ni 
50 2.2 30 21 

100 0.2 10 2.5 

400 0.02 4 0.3 

Mix (Zn,Cd,Ni,pb) 
1* 0.2 0.80 0.4 

2* 0.1 0.9 0.06 

3* 0.01 0.5 0.053 

TFC = Total Fangal Counts; 1= (3 Cd, 70 Zn, 100 Pb, 50 Ni); 2 = (5 Cd, 250 Zn, 250 Pb, 100 Ni); 3 = (8 Cd, 400 Zn, 400 Pb, 400 Ni). 
 
 
 
 

3.3 Isolation and Screening of heavy metal tolerant 
fungi on solid media 

Twenty fungal isolates were obtained from counted plates in 
the highest heavy metal concentrations in all the soils and sub-
jected for screening test on solid nutritional media enriched 
with increasing concentrations of heavy metals. The screening 
results of heavy metals resistant fungi over 1000 ppm of Zn, 
Ni and Pb and 12 ppm of Cd evaluated on solid medium was 
reported (data not found in this paper). All isolates had good 
growth on solid medium containing tested heavy metals con-
centrations until 1000 ppm of Zn, Ni and Pb and 12 ppm of Cd 
(the data not represented in this paper). The results showed 
that isolates No. FM01 and FM14 were the most tolerant for 
the highest concentrations of the applied Zn, Pb and Cd (1500, 
1500 and 20 ppm). Generally, all fungi isolates were tolerant to 
1100 ppm Pb concentration. 
The biomass of fungal growth under heavy metals effect were 
measured as (mg dry weight/100 ml) on nutritional liquid 
media containing 1500 ppm of Zn and Pb or 20 ppm of Cd. 
The growth curves presented in Table (4) showed that the 
maximum biomass of fungi isolates was recorded at 10 days 
then decreased according to the normal growth curves.  It was 
found that isolate No. FM10 had the highest biomass growth 
at 1500 mg Zn/kg. Isolate no. FM04 showed the highest re-
sistances to Pb stresses followed by isolate FM14 in the follow-
ing order:  FM04> FM14> FM16> FM20. With respect to Cd 
stresses (20 ppm), isolate FM14 was the most resistance (the 

highest biomass growth) as shown in the order: FM14> FM20> 
FM04.  
The fungal isolate FM04 was the most resistant to Pb, while 
isolates FM10 and FM15 were the most tolerant to Zn concen-
trations up to 1700 ppm in the liquid media (Table 4). Four 
isolates namely; FM04, FM14, FM16 and FM20 were tolerated 
20 ppm of Cd in liquid medium. However, the isolate FM14 
was the most tolerant to Cd (Figure 1). 

 
 

 
Fig. 1. Growth of four isolates in liquid medium contain-
ing 20 ppm of Cd.   
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Table 4. Screening of heavy metals resistant fungal isolation in liquid medium. 

Isolate No. Heavy metal Concentrations 
(ppm) 

Incubation time (day) 
0 5 10 15 

FM01 

Control 0.0 0.50 1.12 0.834 

Zn 
1500 0.0 0.31 0.67 0.661 
1600 0.0 0.026 0.025 0.014 
1700 0.0 0.0 0.0 0.0 

FM04 

Control 0.0 1.28 2.35 1.985 

Pb 
1500 0.0 1.14 2.14 1.884 
1600 0.0 0.236 0.842 0.624 
1700 0.0 0.0 0.0 0.0 

Cd 20 0 0.214 1.052 0.968 
Zn 1500 0.0 0.16 0.94 0.807 

FM09 
Control 0.0 0.75 1.50 1.21 

Zn 1500 0.0 0.10 1.22 1.128 

FM10 

Control 0.0 1.19 1.98 1.73 

Zn 
1500 0.0 0.65 1.70 1.66 
1600 0.0 0.852 1.369 0.741 
1700 0.0 0.258 0.951 0.687 

FM14 

Control 0.0 0.97 1.75 1.85 
Cd 20 0 0.613 1.235 1.212 
Pb 1500 0.0 0.80 1.53 1.755 
Zn 1500 0.0 0.30 0.85 0.735 

FM15 

Control 0.0 0.66 1.21 0.802 

Zn 
1500 0.0 0.40 1.00 0.959 
1600 0.0 0.547 0.951 0.654 
1700 0.0 0.159 0.753 0.357 

FM16 
Control 0.0 0.73 1.29 0.961 

Cd 20 0 0.325 1.147 0.902 
Pb 1500 0.0 0.61 0.93 0.485 

FM20 
Control 0.0 1.10 2.02 1.80 

Pb 1500 0.0 0.31 0.53 0.4 
Cd 20 0.0 0.231 1.258 0.97 

 
 

3.4 Enhancement of fungal isolates growth by using 
nano zero valent iron (nZVI) 

The aim of this study is to enhance the growth of fungal iso-
lates which reverse affected by increase of Zn concentrations. 
The growth of three fungal isolates (FM01, FM10 and FM15) in 
liquid media containing 1700 ppm Zn before and after treated 

by nano zero valent iron (nZVI) is presented in Figure (2). The 
results show that the growth of three fungal isolates in medi-
um after treated by nZVI was very enhanced nearly to control 
which growing in medium without heavy metals (Fig. 2). This 
likely due to remove Zn from liquid media. This result was 
agreed with Liang et al. (2014) who reported that with the sol-
ids concentration of 1 g/L nZVI, more than 85% of Zn2+ could 
be removed within 2 h. 
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Fig. 2. Efficiency of using nano zero valent iron to remove Zn toxicity on three fungal isolates. 
 
 
 

3.5 Morphology and identification of the heavy metals 
tolerant fungi colonies 

The screened fungi colonies which tolerated the maximum 
concentrations of each heavy metal were purified and subject-
ed to microscopic investigation. The morphology of fungi col-
ony was described including its color and the approximate 
taxonomy according to Iram et al. (2012) and the results was 
presented in Table (5). The obtained morphological descrip-

tion showed the isolates were classified to two defferent gene-
ra namely Aspergillus and Penicillium. Isolates FM01 which 
tolerate 1600 ppm of Zn was classified as Aspergillus nidulans, 
while isolate FM04 which tolerate 1600 ppm of Pb and 20 ppm 
of Cd was recognized as Aspergillus fumigates. The isolate 
FM14 was tolerated 20 ppm of Cd and classified as Aspergillus 
flavus.  Isolates FM10 and FM15 were tolerated 1700 ppm of 
Zn and characterized as Aspergillus niger and Aspergillus terreus 
respectively. The isolate FM20 which tolerate 1500 ppm of Pb 
and 20 ppm of Cd was classified as Penicillium sp. (Table 5).
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Table 5. Morphology of the screened heavy metals tolerant colonies of soil fungi isolates 

Isolates No.  Visual Identification  Photo  Soil location 

FM01  Aspergillus nidulans 

 

(ARS) 

FM04  Aspergillus fumigates 

 

(ARS) 

FM10  Aspergillus niger 

 

(FFS) 

FM14  Aspergillus flavus 

 

(WNS) 

FM15  Aspergillus terreus 

 

(WNS) 

FM20  Penicillium sp. 

 

(FFS) 

Abu‐Rawash (ARS); Alluvial soil (FFS); Wadi‐el‐Natrun (WNS) 
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