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Abstract

Mycotoxins are considered as the most hazardous fungal metabolites for human, animals and plant

health. Recently, more attention has been paid on the occurrence of this group of fungi in different

water sources throughout the globe. In this study, Aspergillus parasiticus ATCC strain was used as

representative strain producing aflatoxins in drinking water. This study aimed to investigate the

activation of fungi in drinking water and their ability to produce aflatoxins (B1, B2, G1, and G2) in

water under different ratios of C:N using different concentrations of total organic carbon (TOC) and

total nitrogen (TN). Glucose and ammonium sulphate were used for changing the levels of TOC and

TN in the selected water media. Similarly, the effects of different water pH levels from 4.5 to 8.2 on

the growth of this group of fungi and aflatoxins production were also investigated. The results

indicate that the growth of fungi was highest, at C:N ratio of 1:1 as compared to other selected

ratios. Furthermore, the findings indicate that the pH levels 5.56.5 showed best growth of fungi as

compared to other pH levels. Aflatoxin concentrations were measured in the water samples using

HPLC technique, but selected fungi were not able to produce aflatoxins in water at applied

concentrations of TOC and TN mimicking the ratios and concentrations present in the natural aquatic

environment.
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Introduction

Drinking water sources contain different kinds of

biological pollutants such as bacteria, viruses, protozoa

and fungi. Recently some research studies have also

reported the presence of fungi in drinking water. Goncalves

et al. (2006) and Pereira et al. (2010) observed that the fungi

are involved in developing taste and odour in drinking water.

A wide variety of fungi species have been isolated from

drinking water but some of them are known to be strongly

allergic causing skin irritation, or may cause infections in

immune-suppressed individuals such as AIDS, cancer, and

organ transplant patients and also in persons with asthma

or various respiratory problems (Hageskal et al., 2009; Green

et al., 2003).

Looking into the adverse impact of fungi, it is

important to study the occurrence of fungi in drinking water

because they are capable of producing mycotoxins in water

which are secondary metabolites of these filamentous fungi.

Mycotoxins can cause health problems in both human and

animals as they are carcinogenic in nature and can potentially

impair the immune system. Characteristically, these

mycotoxins are considered lethal in nature and had led to
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100,000 deaths in Turkey in UK.  Fernandez-Cruz et al. (2010)

and Stakheev et al. (2011) have reported that trichothecene

toxins inhibit protein biosynthesis and induce chromosomal

changes. Consumption of grains, food and water containing

mycotoxins may lead to development of serious maladies,

such as alimentary toxic aleukia.

Aflatoxins are toxic secondary metabolites belong

to mycotoxin group, produced by Aspergillus flavus,

Aspergillus parasiticus and  Aspergillus nomius

(Manonmani  et al., 2005). Aspergillus parasiticus is a

tropical and subtropical species of fungi, less prevalent in

warm temperate zones and rare in the cool temperate regions

of the world. A. parasiticus has distinctive bright yellow

green conidial colours, grows fast at temperature range of

25-37°C. Optimal growth occurs over a broad range of pH

(3.5–8), with growth at pH 10.5 still more than half that under

optimal conditions (Pitt and Hocking, 2009). Rodrigues et

al. (2009) noted that A. parasiticus isolates were strong

producers of AFB and AFG. Production of aflatoxins in water

depends on several environmental factors including

concentrations of C, N, pH, temperature and micro and

macronutrients. Similarly, their stability in environmental

media varies and sometimes they may be present in

environment (water, food or grains) when fungi no longer

exist. Furthermore, the mycotoxigenic potential depends on

species and strains of fungus, composition of matrix and

environmental factors (Fernandez-Cruz et al., 2010). Similarly,

Spreadbury et al. (1993) noted  that A. fumigatus is an

opportunistic nosocomial pathogen oftern causing fatal

pneumonia and invasive Aspergillosis (IA) in immune-

suppressed patients. Some studies have quantified the

mycotoxins in water like Paterson et al. (1997) detected

aflatoxins in water from a cold water storage tank and found

that aflatoxin B
2
 was present together with G

2
. However,

Gromadzkaa et al. (2009) noted zearalenone mycotoxin in

surface waters, groundwater and wastewater in Poland and

they found that natural organic matters of water with low

molecular masses have an effect on zearalenone recovery.

Earlier, several researchers have reported fungi and

mycotoxins in food and grains but the reports on the

presence of  alfatoxins in drinking water in China is meagre.

Thus the present study aimed to investigate the possible

activation of fungi and production of aflatoxins by

Aspergillus parasiticus under different concentrations of

TOC and TN and different levels of pH in drinking water.

Materials and Methods

Aspergillus parasiticus strain was purchased from

(ATCC Company, USA). This strain has ability to produce

aflatoxins B1, B2, G1, and G2. Standards of aflatoxins such

as AFB1, AFG1, AFB2, and AFG2 were purchased from

Sigma-Aldrich (St. Louis, MO, USA). The stock solution of

each toxin was prepared using mixture of methanol and

acetonitrile (1:1) HPLC grade, purchased from Merck,

Darmstadt, Germany and stored at 4ºC in dark. All other

working standard solutions were also prepared immediately

before use by diluting the stock solution prepared in the

mixture of methanol and acetonitrile (1:1). The stock

solutions were evaporated to dryness under N
2
 steam and

reduced pressure before using, and then derivatized with

TFA as the working standards (Khayoon et al., 2012). Milli-

Q quality water (Millipore, Bedford, USA) and other

chemicals of HPLC grade were obtained from Merck

(Darmstadt, Germany).

Experimental design : In order to investigate the effects of

TOC, TN and pH on the growth of fungi and production of

aflatoxins, three different experiments were conducted :

Wastewater as a source of Carbon and Nitrogen : Treated

water was collected from Domestic wastewater treatment

plant, Xiamen, China. China was used as source of C and N

to stimulate the growth of fungi and production of aflatoxins.

Millipore filter membrane (0.45 µm) was used to filter it.

Filtered wastewater was mixed with tap water to make

different concentrations of 10, 20, 30, 40, 50 and 100% and

made total volume one litre for each treatment. These

treatments designated as WW10%, WW20%, WW30%,

WW40%,  WW 50% and WW100%. Further, 100 ml from

each mixture was taken in glass flask (250 ml) and autoclaved

to destroy all other microbes and then inoculated with A.

parasiticus ATCC strain (1 ml suspension containing 35×106

spores) and placed for incubation in shaking incubator at

26ºC for 14 days. After completion of incubation period,

fungal tissue was filtered from water mixtures for

determination of aflatoxins. One set of treatment containing

tap water served as control.

Water with different ratios of TOC and TN: Artificial water

was prepared using KH2PO
4
 (750 mg), MgSO

4
.7H

2
O (350

g), CaCl
2
.2H

2
O (75 mg), ZnSO

4
.7H

2
O (10 mg), MnCl

2
.4H

2
O

(5 mg), and FeSO
4
.7H

2
O (2 mg) in one litre Milli-Q water.

Sucrose and ammonium sulphate were used as source of

TOC and TN to prepare different concentrations. In first

treatment TOC (10 mg l-1) was kept constant while TN values

(1, 10, 50 and 100 mg l-1) varied. In the second treatment (10

mg l-1) TN was kept constant while TOC values varied. (1,

10, 50 and 100 mg l-1) for the purpose to get TOC:TN (10:1,

5:1, 1:1 and 1:10). The TOC and TN concentrations were

measured each time using TOC analyzer (Shimadzo, Japan).

Like experiment 1, 100 ml of this artificial water having different

TOC and TN was taken in glass flask (250 ml) and inoculated

with fungi (1 ml suspension containing 35×106 spores). All

treatments were incubated like experiment 1 and growth of

fungi and aflatoxins were measured. The control treatment

(tap water and wastewater) was included and all treatments

were performed in triplicates.
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pH effects : This experiment was conducted to check the

effect of pH changes on the growth of fungi and their ability

to produce aflatoxin in water. Water sample (pH 8.2) was

collected from the fresh water lake, near the Institute of

Urban Environment, Xiamen, China. Like experiment 1 and

2, 100 ml of water was taken in glass flask (250 ml) and pH

was adjusted to 4.55, 5.53, 6.51 and 8.20 using 1 M of HCl

and NaOH, as required. These flasks were autoclaved and

incubated like experiments 1 and 2 and inoculated with fungi

(1 ml suspension containing 35×106 spores). The control

treatment was included at original pH level and all treatments

were performed in triplicates.

Determination of fungal growth: On completion of

incubation period, the growth of fungi was measured by

dry biomass weighing technique (Dimitrokallis et al., 2008).

The fungal biomass was calculated as the difference

between the initial and final weights such as: Fungal biomass

(dry weight mg /100 ml)= W1 – W2

Extraction and purification of aflatoxins : The filtered

samples were passed through immunoaffinity column

purchased from (Agela Technologies, USA) using the

manufacture protocol. Immunoaffinity columns were

connected into vacuum bump (J. P. Selecta, Barcelona, Spain)

and passed the samples at a flow rate of 1~2 drops per

second. Before ending this step, it was ensured that all

samples were expelled from the column prior to the next

step. Then added 10 ml of double deionized water to the

column and passed at same flow rate used for the sample.

Amber vial (or glass tube) was placed directly beneath the

column and used 1 ml of HPLC grade methanol into the

glass barrel to elude the aflatoxins from the column into the

glass vial (or glass tube) by slowly passing (1 drop per

second) the methanol through the column. Methanol

collected and stored in freezer at -20°C for further analysis.

Pre-column derivatization : The methanol sample was

derivatized using the method as described by Khayoon et

al. (2012). The methanol sample was dried under gentle

flow of N
2
, and re-dissolved with trifuloroacetic acid (100

µl) and n-hexane (300 µl) and mixed by vortexing well for 30

sec. After keeping for 15 min in dark at room temperature,

the mixture was diluted with 900 µl with mobile phase

chemicals (mixture of methanol and acetonitrol 1:1 ratio)

and mixed for 30 sec. Then the sample allowed to stand for

separating the solvents. The top layer of trifuloroacetic acid

and n-hexane was discarded and the bottom layer was stored

in vial for High Performance Liquid Chromatographic (HPLC)

analysis.

Aflatoxin determination : Aflatoxin concentration was

measured using HPLC (Agilent 1200 series, Japan), equipped

with an auto sampler (LAS G1313A) and a fluorescence

detector (G1321A) with excitation and emission wavelength

of 365 nm and 450 nm, respectively. The column (LNB07042,

Agilent, USA), of 4.6 × 150 mm with particle size 5 µm in

diameter was used. Mixture of acetonitrile and methanol

(50:50) and phosphoric acid (0.1%) at ratio of (40/60) was

used as mobile phase. The flow rate was set to be 1 ml min-1.

Standard solutions of aflatoxins like B1, B2, G1, and G2 with

concentrations of 0.1, 0.5, 1.0, 5.0, 10.0 µg  l-1 in acetonitrile/

methanol were used to obtain the calibration curve. The

retention time for aflatoxin was 15 min, and their

representative spectra are given in Fig. 1.

Statistical analyses : The mean and standard deviation were

calculated using excel software, while other statistically

analyzed was done using the SPSS 11.5 computer package.

Significance values were computed using ANOVA with a

significance level of P<0.05.

Results and Discussion

Effect of different concentrations of wastewater on the

growth of fungi and aflatoxins : Wastewater is considered

as a source of C and N, which cause several problems in

aquatic system by accelerating the growth of microorganisms

such as fungi and production of mycotoxins. In the present

study, the level of TOC in different concentrations of waste

water ranged from 1.96-10.55 mg l-1 (Table 1), while the level

of TN ranged from 0.02-13.40 mg l-1. Linear regression

analysis indicated a strong positive correlation between

TOC (R2=0.879)/TN (R2=0.826) content and different

concentrations of waste water. Biomass on dry weight basis

of A. parasiticus fungi ranged from 3.90-4.3 mg 100 ml-1, as

shown in (Fig. 1). In this study, no consistent increase or

decrease was observed for biomass production of fungi.

The highest value of biomass (4.3 mg 100 ml-1) was found in

the tap water sample; while in 100% wastewater the biomass

was 3.9 mg 100 ml-1. Statistical analysis indicated no

significant (P<0.05) effects of TOC and TN concentrations

on biomass production of fungi. The higher biomass

production in tap water as compared to wastewater cannot

be linked with the concentrations of TOC and TN values in

water samples. However, previously published research

work reported consistent increase for growth of different

strains of fungi (Gao et al., 2007) as they used higher

concentrations of TOC and TN as compared to this study.

A constant decrease was observed in biomass production

and found in decreasing order from WW100% to WW20%

but increased in WW10%. Biomass production varies from

strain to strain and depends on nutrient concentrations

and prevailing environmental conditions. Lopez et al. (2003)

reported that  microbial biomass by Aspergillus terreus ATCC

20542 was influenced by the type of the carbon and nitrogen

sources. Gao et al (2007) reported that influence of carbon

concentration and C:N ratio on fungal growth was strain

dependent.

Effect of TOC, TN and pH on the growth of fungi
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In the present study, aflatoxins were not detected in

any of the wastewater treatments. This shows that fungi

need high concentration (100 mg l-1) of TOC and TN to

produce aflatoxins in water, while in this study the

concentration of TOC and TN may be not enough for the

activation of fungi and production of aflatoxins. The zero

aflatoxin production is not in agreement with the findings

of Paterson et al. (1997) because, they found some traces of

aflatoxins in cold water tank. Furthermore, Gromadzkaa et

al. (2009) also found some toxins (Zearalenone) in the range

of 0 to 43.7 ng l-1 in different water samples collected from

Poland.

Effect of TOC and TN on growth of fungi and aflatoxin

production : Fig. 2 shows the effect of different C:N ratio on

the growth of A. parasiticus and aflatoxin production. A

linear regression analysis indicated a positive correlation

between different TOC concentrations and biomass

production at constant TN. The dry biomass ranged from

12.3-15.8 mg 100 ml-1, and the highest biomass (15.8 mg 100

ml-1) was observed at 1:1 ratio of C:N, as shown by level 2 in

Fig. 3A. Similarly, at constant TOC and TN range of 1-100

mg l-1, the linear regression analysis indicated a strong

positive correlation (R2=0.836) between TN concentration

and biomass production. These results are shown in the

(Fig. 3B). The dry weight biomass ranged from 6.7-15.8 mg

100 ml-1, while the highest biomass of fungi was observed

in C:N ratio of 1:1, as shown by level-2 (Fig. 3B). In this

study, both treatments showed highest biomass production

(15.8 mg 100 ml-1) in the ratio of C:N (1:1), it means that this

ratio provides optimal C and N for the growth of this fungi.

The present findings are not inagreement with the

report of Gao et al. (2007) as they found the best growth of

different biocontrol fungi at C:N ratio of 10:1. However, the

strains selected by them were different than the one used in

the present study. Fasidi and Akwakwa (1995) reported 1:4

C:N ratio best for the growth of Volvariella speciosa.

Similarly, Jonathan and Fasidi (2001) also reported 2:3 and

3:4 C:N ratio best for the growth of Psathyerella

atroumbonata. These studies indicate that the optimal ratio

for the growth of fungi is always different and depends on

the requirements of the species because different fungi need

different requirements for their optimal growth.

In these two experiments also the aflatoxin level were

below the detection limit of HPLC, therefore, they were not

detected in any level of C and N, that means that this fungi

need higher concentration of TOC, and TN (100 mg l-1) to

produce aflatoxins in water. The concentrations of TOC

and TN used in this study may be not enough for activation

of fungi for production of aflatoxins but enough to give

high growth of fungi in water. This low concentration of

TOC and TN were selected for mimicking the real aquatic

environment to predict possible effects on this growth of

fungi and aflatoxins production. Our results are not

supported by the findings reported by Paterson et al. (1997)

and Gromadzkaa et al. (2009). Mostly previous studies have

Table 1 : Concentration of TOC and TN in wastewater

Samples     TOC      TN

WW0% 1.12±0.41 0.02±0.21

WW10% 1.96±0.57 1.79±0.61

WW20% 2.91±0.19 2.80±0.84

WW30% 3.87±0.59 3.93±0.47

WW40% 4.82±0.47 4.94±0.92

WW50% 5.786±0.89 5.94±0.30

WW100% 10.55±0.23 13.40±0.06

H.M. Al-Gabr et al.
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determined toxins in water but not reported their production

in water (Paterson, 2006).

Effect of pH on growth of fungi and production of aflatoxin

in water: Fig. 3 shows the effects of different pH levels on

A. parasiticus growth and production of aflatoxins in water.

The linear regression analysis indicated a positive

correlation (R2=0.539) between biomass tissue of fungi and

pH level. The highest biomass (9.43 mg 100 ml-1) production

was observed at pH 5.5, followed by pH 4.5 (6.96 mg 100ml-

1) and 6.5 (6.8 mg 100ml-1) respectively. The lowest biomass

(4 mg 100 ml-1) of fungi was observed at pH 8.2 in water.

Fasola et al. (2007) studied the nutritional requirement of

Voluariella speciosa, and noted the optimum pH was 6.0

for the growth this fungi. Similarly, Jonathan and Fasidi

(2001) also studied the effect of different factors such as

temperature and pH on the growth of Psathyerella

atroumbonata, and found pH 6.5 best for the growth this

species. Gbolagade et al. (2006) investigated the effect of

physico-chemical factors (pH, temperature, media, carbon

and nitrogen compounds) on the vegetative growth of edible

mushroom, Lentinus subnudus and found pH 5.5 optimum

for the growth of this species. In the present study, the best

pH level ranged from 4.5 to 6.5 for optimal growth of fungi.

Pitt and Hocking (2009) also mentioned the optimum pH

range (3.5-8) for the growth of A. parasiticus. The aflatoxin

level were below the detection limits of HPLC in all samples.

These results are opposite to those reported by Pitt and

Hocking (2009) because they reported that A parasiticus

produced aflatoxins in pH ranged (3-8) but at different C:N

ratios and other physical environment required for their

growth.

The study showed the effect of TOC, and TN on

growth of Aspergillus paprasiticus was more prominent.

The best ratio was C:N (1:1) for growth of fungi A.

parasiticus. The selected strain showed highest growth rate

at pH of 5.5, and the optimum pH range for growth was 4.5-

6.5. A. paprasiticus was not able to produce aflatoxins in

water at all selected cocentrations of TOC, TN, and pH.
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