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ABSTRACT: Filamentous fungi can play significant role in
bioremediation due to their large surface area and metal sorption capacity.
In present study, arsenic (As) tolerance of indigenous filamentous fungi was
explored. Fungal strains were isolated from peri-urban soils of Multan and
Gujranwala irrigated with untreated industrial or municipal effluent. Some
fungal strains were also isolated from non-polluted soils of Islamabad area.
Arsenic (III) tolerance potential of 18 fungal isolates was tested by growing
them on Potato Dextrose Agar (PDA) medium amended with different
concentrations of As (50 to 5600 mg/L). The fungal tolerance was evaluated
by comparing tolerance index (TI), minimum inhibitory concentrations
(MIC) and growth rate. Out of 18 isolates, 12 belonged to genus Aspergillus,
3 to Fusarium, 2 to Curvularea and one to Penicillium. The isolates
Aspergillus fumigatus and Fusarium oxysporum appeared to be most
tolerant to arsenic. Fungal strains isolated from Gujranwala soil exhibited
more As(III) tolerance than those from Multan and Islamabad. Maximum
fungal growth was observed at temperature of 30 to 35 °C and pH 6 to 7
under incubation period of 96-120 hrs. The isolated strains were capable of
growing over a wide range of pH and temperatures and at high Arsenic
concentrations. These findings show that the isolated strains are quite
suitable for use in bioremediation under field conditions.

Key Words: Fungi, As (IIl), tolerance index, minimum inhibitory
concentration

INTRODUCTION

Arsenic is a metalloid, ubiquito-
usly found in nature. It ranks 20" in
earth's crust, 14" in seawater and 12"
in human body (Mandal and Suzuki,
2002) in terms of abundance. The
common arsenic minerals are
Arsenopyrite (FeAs S), realgar (AsS),
orpiment (As,S,), loellingite (FeAsS,)
and arsenolite (Azcue et al., 1994).
Arsenic naturally exist in different
oxidized forms, i.e. As” (arsenite), As™
(arsenate), As” (arsenide) (Smedley et

al., 2002). These are mobilized by na-
tural weathering reactions, biological
activity, geochemical reactions, vol-
canic emissions and other anthro-
pogenic activities.

Ground water is considered to be
a major non-point natural source of
arsenic pollution (Smedley and
Kinniburgh, 2002) while mining,
pesticides, wood-treatments and
agricultural chemicals are considered
point sources. Although, As exists in
water bodies both in inorganic and
organic forms, inorganic form of
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arsenic is most often found in water
supplies (Bodek et al., 1998).
Groundwater arsenic contamination
has become a global water quality
issue including Pakistan (WHO,
1999, 2001; ATSDR, 2002; Smith et
al., 2002; PCRWR, 2007; Amini et al.,
2008). Bangladesh has the highest
number of people affected by arsenic
poisoning (Dhar et al., 1997). Accor-
ding to a survey, almost 22 million
people drink water having arsenic
concentrations more than 50 ug/L in
Bangladesh (British Geological Sur-
vey, 1999). The groundwater arsenic
contaminated is not restricted to
others countries of the region like
India, Bangladesh, China, it is also
found in Pakistan (Mandal and

Suzuki, 2002; FAO, 2006). A joint
research by Pakistan Council for Res-
earch in Water Resources (PCRWR),
United Nations Children's Fund
(UNICEF) and National Water Quality
Monitoring Program (2002-2006)
revealed the presence of arsenic in
groundwater of many districts of
Punjab and Sind Province. According
to PCRWR (2007), in Punjab out of
11559 ground water samples, 38%
had arsenic concentration >10mg/L
(WHO permissible limits), 17% >50
mg/L and 4% contained >100mg/L.
In Sindh, out of 5991 samples, 11%
had >10mg/L, 3% had >50 mg/L and
1.42% had >100 ppb. Another joint
study carried out by Tokyo Institute
of Technology and National Institute
of Advanced Industrial Science and
Technology (AIST) also indicated five
times higher As concentration in
ground water than permissible limit
in Punjab. Among the inorganic
species, arsenite (As”) and arsenate
(As™) are commonly found in natural
waters and former is 2-10 times more
toxic than later (Jain and Ali, 2000).

Extensive research has been
carried out for providing solution to
arsenic contaminated water. Differ-
ent techniques such as precipitation-
coagulation, oxidation, membrane
separation, electro coagulation/
flocculation and adsorption (Bene-
field and Morgan, 1990; Clifford,
1999; Zaw and Emett, 2002; Kim et
al., 2006) are being practiced for
removal from aqueous solution.
Among these, the adsorption tech-
nique has been extensively practiced
using a wide range of sorbents.
Conventionally, iron oxides and
oxyhydroxides were widely used as As
sorbents; however, bio-sorbent like
fungi, algae and bacteria are prefer-
ably used as sorbent and considered
environment friendly. Biosorbtion is a
passive immobilization of metals by
sorption mechanism and is indepen-
dent of cell metabolism (Kadukova
and Vircikova, 2005). It is based upon
physio-chemical interactions bet-
ween metals and functional groups of
the cell wall (Veglio and Beolchini,
1997; Kadukova and Vircikova,
2005).

Filamentous fungi are progres-
sively flattering as a metal sorbent for
remediation of contaminated soil and
water because of ubiquitous and
profusion nature over a wide range of
pH (Visoottiviseth and Panviroj,
2001) and are known for accumu-
lating high amounts of metals (Morley
et al.,, 1995). Their cell walls are
largely composed of polysaccharides
and proteins, which offer many fun-
ctional groups such as carboxyl,
hydroxyl, sulphate, phosphate and
amino groups for binding of metal
ions (Arica et al., 2004; Baldrian,
2003; Couto et al.,, 2004). Fungal
species are also capable of transfor-
ming inorganic arsenic compounds
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by bio-methylation into mono-methyl
arsonic acid, dimethyl arsenic acid,
trimethyl arsine and trimethyl
arsineoxide (Adriano, 2001).

Heavy metals in polluted soils are
known to affect the functions and
population structure of micro-
organisms. Fungi have been reported
to show more tolerance to heavy
metals than other microorganisms
and become dominant organisms in
some polluted habitats (Martino et
al., 2000). Many fungal species such
as Rhizopusarrhizus (Aksu et al.,
1999), Phanerochaete chrysosporium
(Say et al., 2001), Aspergillus
nidulans (Maheswari and Muru-
gesan, 2009(a)), Aspergillus flavus
(Maheswari and Murugesan, 2011),
Aspergillus fumigates have been
studied for sorption of arsenic (Sathi-
shkumar et al., 2008; Maheswari and
Murugesan, 2009(b)).Considering the
importance of fungi in bioreme-
diation, indigenous filamentous fungi
were isolated from heavy metals
polluted and unpolluted sites and
their arsenic tolerance were explored.

MATERIALS AND METHODS

Soil Sampling and Sampling Site
A total of 12 composite soil
samples were collected from Multan,
Gujranwala and Islamabad peri-
urban area. Multan and Gujranwala
sites were under untreated municipal
/industrial effluents while Islamabad
site was under fresh water irrigation.
The composite soil samples were
collected randomly by selecting
transects of 10x10 m at each location.
Then from each location, a composite
soil sample was collected from four
carefully mixed subsamples, taken at
different random places within that
transect area. Soil samples were

transferred to soil Environment Lab-
oratory, Land Resources Research
Institute, National Agricultural Rese-
arch Centre, Islamabad for further
studies. A portion of the collected soil
samples was stored in refrigerator at
4°C to ensure minimal biological
activity. Isolation of fungi was carried
out within 24 hours of samples
collection. Rest of the portion of soils
samples was air-dried, ground and
passed through 2 mm sieve and then
about 100 g was drawn from the 2
mm fraction and reground to obtain
<200 pm fraction for physicochemical
analysis.

Physico-chemical analysis of soil

The collected samples were
analyzed for basic physico-chemical
parameters. Particle size distribution
was estimated by hydrometer method
(Gee and Or, 2002), pH by making 1:1
(soil:water) suspension (Thomas,
1996), organic matter by titration
method described by Nelson and
Sommers (1996). Total heavy metal
concentrations were measured by
digesting the soil samples in a
mixture of hydrogen peroxide,
hydrofluoric acid, nitric acid and per
chloric acid (Amacher, 1996) and
analyzing on Atomic Absorption
Spectrometer (AAS) (Perkin Elmer, A
Analyst 800).

Isolation and morphological
characterization of fungus

Fungal growth medium was pre-
pared by dissolving 39 g potato de-
xtrose agar (PDA) in 1 Littre deionized
water (Razak et al.,, 1999) and
autoclaved at 121°C for 15 minutes.
After autoclaving and cooling (to room
temperature), streptomycin was
added @ 30 mg/L to suppress the
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bacterial growth. Fungi were isolated
by pouring 100 pl of each soil suspen-
sion (107, 10%, 10”° and 10™) onto PDA
plates in triplicate. Mixed multi-
colonies fungi were further cultured
and purified through repeated strea-
king on fresh PDA medium and iden-
tified using morphological, micro-
and macroscopic examinations and
biochemical tests (Domsch et al.,
1980; Barnett and Hunter, 1999).
Slides of isolates were prepared with
Aniline Blue stain and were observed
under the microscope at different
magnifications to ascertain macro-
scopic characteristics precisely such
as morphology of colonies, texture,
color, shape, appearance and dia-
meter of colonies, and microscopic
characteristics such as presence of
particular reproductive structures,
septation of mycelium, structure and
shape of conidia and presence of
sterile mycelium as described by
Barnett and Hunter (1999); Watan-
abe (2002) and Nyongesa et al. (2015)
were observed.

Screening and selection of As (III)
tolerant fungi

Purified isolates were screened
for As (III) tolerance by growing on
PDA medium amended with varying
concentrations of As (III) (50 to 5600
mg/L) at 28+1°C for 7 days and mea-
suring radial growth periodically
against control (without As (III) (Muk-
herjee et al., 2013; Visoottiviseth and
Panviroj, 2001).

Minimum inhibitory
concentrations (MIC's)

Minimum inhibitory concentra-
tions (MIC's), the lowest As concen-
tration that inhibits visible fungal
growth, were determined from the As
screening data (Andrews, 2001).

Arsenic tolerance index

The tolerance index, ratio of radi-
al growth of treated colony to that of
the untreated colony, was measured
by growing selected isolates on As
amended PDA medium (100 mg/L As
concentration) for 7 days (Rasool and
Irum, 2014).

Tolerance index (Ti) was calcu-
lated using the following equation:

Dt
Du

Ti

Where, Dt is diameter (mm) of
treated colony; and, Du is diameter
(mm) of untreated colony (Ezzouhri,
2009).

Optimization of fungal growth
conditions

Growth conditions of arsenic
tolerant fungal isolates were opti-
mized (to obtain maximum biomass)
by growing in 200 mL PD broth at
different pH (4, 5, 6, 7, 8 and 9) and
temperatures (25, 30, 35, 400C) for
48,72, 96, 120, 144 hrs.The harves-
ted mycelia were thoroughly washed
with sterilized deionized distilled
water and weighed for wet and dry (65
oC) biomasses.

RESULTS AND DISCUSSION

Soil Properties

All the three soils used in this
study were non-saline (0.17 to 0.43
mS/cm), alkaline in reaction (Mean
pH- 7.8 to 8.3), and moderate in
organic matter content (0.90% to
1.2%) (Table 1). The heavy metals and
metalloids analysis of soil samples
indicated higher contents of
potentially toxic metals in the soils of
sampled area. The mean of total
Arsenic concentrations was 11.25
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Table 1. Physiochemical character- Table2. Minimum Inhibitory Concen-
istics and heavy metals/ trations (MIC) of fungi grown
metalloids of soils used for on PDA media amended with
fungal isolation Arsenic (III)

Sampling Gujranwala Multan Islamabad Origin Fungal MIC Reduction*

Site Strain (mg/L)

Mean EC 0.42 0.43 0.17 Gujranwala F. chlamydos- 200 47.14

(mS/cm) Soil porium

Mean pH 8.30 7.80 7.87 A. fumigatus 2400 0

Mean O.M. 1.20 1.18 0.90 A. ochreus 100 45.38

(%) A. niger 100 49.31

Average Loam Silt Clay Silt F. oxysporum 2000 10.44

Textural Loam Loam A. terreus 200 38.49

Class

Multan A. flavus 100 48.37

Mean heavy metals/metalloids contents Soil A. ochreus 400 25.28

(mg/ke) A. niger 200 38.68

As 11.25 11.54 4.51 A. fumigatus 2000 7.78

Pb 136.00 42.24 72.25 Curvularea 400 12.43

cd 5.70 14.51 2.27 Imata '

Cu 159.50 41.74 60.50

Cr 181.75 170.00 62.25 Islamabad  A. niger 100 46.35

Ni 101.75 113.50 41.75 Soil A. flavus 100 29.34

C. lunata 300 18.07

mg/kg in Gujranwala, 11.54 mg/kg Penicillium sp. 100 50.10

in Multan and 4.51 mg/kg in Islam- A. fumigatus 1600 16.10

abad soils (In soils As < 5 mg kg-1 is F. chlymados- 100 63.60

considered uncontaminated back- porwm

A. paraciticus 100 53.65

ground level (Mandal and Suzuki,
2002; Smith et al., 1998)). Mean
cadmium concentrations were above
the recommended permissible limits
(3 mg/kg chromium, and described
by Council of European Community
(CEC), 1986) in Gujranwala and
Multan, 5.7 to 14.51 mg/kg, respec-
tively. Total soil copper, chromium
and nickel contents in almost all
samples were higher than CEC
permissible limits (50 mg/kg for Cu,
100 mg/kg for Cr, and 75 mg/kg for
Ni) as shown in Table 1.

Fungal Biodiversity

A total of 11 predominant fungal
strains were isolated from the metal
contaminated soils collected from
Gujranwala and Multan while 7 from
non-contaminated area of Islamabad

*in colony growth (%) at 100 mg/L As (III) conc.

(Table 2). The fungal isolates were
belonged to four genera, i.e., Asper-
gillus, Curvularea, Fusarium and
Penicillium. The most common gen-
era was Aspergillus (12 out of 18),
followed by Fusarium (3 out of 18).
The widespread occurrence of Asper-
gillus species in heavy metals con-
taminated soils was also reported by
Ahmed et al.(2005) and Zafar et
al.(2007).The occurrence of different
fungi such as Aspergillus, Penicilli-
um, Rhizopus, Fusarium, Curvularia
etc. in soils polluted with heavy
metals have, also, been reported in
literature around the world (Gadd et
al., 1993). There was more fungal
biodiversity in non-contaminated soil
than those of contaminated soils. In
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non-contaminated soil four genera,
i.e., Aspergillus, Curvularea, Fusa-
rium and Penicillum were observed
while in contaminated soil only two
genera from each (Guranwala -
Aspergillus, Fusarium, Multan
Aspergillus and Curvularea) were
observed. Although, environ-mental
stresses due to enhanced heavy
metals concentration could be a
reason for the reduction in microbial
species, at the same time it can
increase the population of surviving
species (Griffioen, 1994). Giller et al.
(1998) reported that heavy metals
concentrations in soils may lead to
increase in fungal diversity up to
moderate levels whereas higher levels
may cause a sharp decrease.

Tolerance Potential

The present study demonstrated
that different fungal isolates had
different As tolerance and isolates
from contaminated soils had relative
higher tolerance than those isolated
from non-contaminated soils. The
tolerance was evaluated by compar-
ing Minimum Inhibitory Concentra-
tions (MICs) and Tolerance Index.

Minimum Inhibitory
Concentration (MIC)

The Minimum Inhibitory Concen-
tration, the lowest As concentration
inhibiting visible fungal growth (Xu et
al., 2012) of 18 selected fungal iso-
lates is presented in Table 2. Asper-
gillus fumigatus showed maximum
MIC either isolated from Gujranwala
(2400 mg/L), or Multan (2000 mg/L)
and Islamabad (1600 mg/L).
However, least MIC value was 100
mg/kg for most of the isolates. The
fungi isolated from environments
contaminated with heavy metals, for
examples Gujranwala and Multan,

normally showed higher MIC than
those isolated from unpolluted area
(Islamabad) and confirmed the earlier
observation of Yazdani et al. (2010).
The longtime exposure to heavy meta-
Is contaminated environment may
produce significant change and
reduce their activity and number ;
however, contrarily enhance the
relative population of resistant speci-
es (Iram et al., 2009). The MIC values
suggest the resistance level of isolate
against the element under considera-
tion (Zafar and Aqil, 2007).

Tolerance Index

Tolerance Index (TI), ratio of
extended radial growth of a treated
colony to that of untreated colony,
was assessed at 100 mg/L As (III)
concentration and illustrated in
(Figure 1). Similar to MIC, Aspergillus
fumigatus (G-2, M-4 and I-5) showed
maximum tolerance index. Radial
growth of Aspergillus fumigatus (G-2),
obtained from Gujranwala, was
similar on As amended PDA medium
and un-amended and exhibited
maximum tolerance index i.e.1.00
followed by M-4, G-5, M-5 and I-5
with TI's 0of 0.92, 0.90, 0.88 and 0.84,
respectively (Figure 1). Different
orders of tolerance were demons-
trated (Figure 1). Overall, the fungus
isolated from more contaminated
soils (Gujranwala) had higher TI than
those obtained from less contami-

CO00O0QO
ohpPomoiv

Tolerance Index

Gujranwala

Multan Islamabad

Figure 1. Tolerance Index of Fungal
isolates at 100 mg/ L As (III)

concentration
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nated soils (Multan) and uncontami-
nated (Islamabad) soil. Heavy metals
concentrations in the original envir-
onment may trigger the evolution for
higher As tolerance (Krznaric et al.,
2009). In contrast, Aspergillus fumi-
gatus (I-5), isolated from unpolluted
soil of Islamabad, showed also excep-
tionally high tolerance and 16 % gro-
wth reduction was observed at 100
mg/L As concentration. It reveals
that fungal resistance mainly depen-
ds on the biological functions of the
strain rather than pollution level
(Iram et al. 2009; Baldrian and
Gabriel, 2002). Fusarium chlamydo-
sporium, Aspergillus niger, Asper-
gillus ochreus relatively showed less
tolerance.

Effect of As concentrations on
Fungal Growth

Most of the isolates (11 out of 18)
showed exponential reduction in
radial growth with increase in As
concentration from O to 300 mg/L
(Figure 3). Afterwards, these isolates
showed gradual reduction in growth

and after 2000 mg/L, no growth was
observed in these strains. While four
strains (two from Gujranwala - A.
fumigatus and F. oxysporum; one
from Multan - A. fumigatus and one
from Islamabad - A. fumigatus) sho-
wed growth even up to As concen-
tration of 5600 mg/L. Valix and Loon
(2003) have, also, observed similar
reductions in growth of Aspergillus
sp, which was more resistant to Cr at
higher metal concentrations. Fur-
ther, the results of our study are also
comparable with those reported by
Yoshida et al. (2006), Iram et al.
(2012), Akhteretal. (2013).

In general, strains isolated from
contaminated sites are more tolerant
than those isolated from natural
environments (Massaccesi et al.,
2002; Malik, 2004). However, in the
present study the A. fumigatus sho-
wed more As tolerance irrespective of
origin showing that the fungal specie
is more important than site of
isolation as has also been reported
by Rudawska and Leski, 1998; Iram
etal., 2009 and Fazlietal.,2015.

Figure 3. Effect of As (III) concentrations on growth of fungal isolates
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Optimal growth conditions

Optimal growth conditions (pH,
temperature and time) were apprais-
ed for most As tolerant fungal isolates
for biomass production for possible
use in As bioremediation studies. The
results showed that all tested fungi
are capable of growing at wider range
of pH values from 4 to 9 (Figure 3)
when incubated at 300C. Maximum
dry biomass production at pH 6 and 7
confirmed the earlier observation of
Gautam et al. (2011) and the general
belief that fungi grow maximum at
neutral pH (Mukherjee et al., 2013).
However, there are reports that reveal
that fungi can grow well under alka-
line conditions as well (Kezia et al.,
2011). Growth of almost all selected
isolates was maximum at 30 oC. A
relative large increase in fungal gro-
wth was observed till 96 hour and
then there was minimal increase in
growth till 144 hour.

Conclusion

In the present study, 11 fungal
strains were isolated from heavy
metal contaminated sites and most of
them exhibited the ability to grow
under high As(IIl) concentrations.
While one isolates, obtained from
non-contaminated soil performed
almost equally good. The fungal

Figure 3. Average dry weight values of
As (III) tolerant isolates (G-2,
G-5, M-4 and I-5) at different,
Temperatures, pH and Time
durations

orowONEO®

OO0 F—
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Dry Mycelial Weight (g)

isolate, A. fumigatus showed highest
As (III) tolerance regardless of origin.
As (III) tolerant isolates will be further
evaluated for their sorption potential
and possible use for bioremediation of
As (III) contaminated soil and waters.
The strains were capable of growing
under a wide range of pH and tem-
peratures, also, showing potential for
use under controlled and field
conditions.
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