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A B S T R A C T   

The water quality in Karachi (Pakistan) is uncertain due to the occurrence of fungi and other 
microorganisms. A total of twenty-five water samples were collected from public places, educa-
tional institutes, hospitals, water supply systems and surface water of the canal of Karachi 
(Pakistan). The different fungal species including Acremonium sp., Alternaria alternata, Aspergillus 
flavus, A. fumigatus, A. sulphureus, Cladosporium sp., Fusarium sp., Clonostachys (Gliocladium) sp., 
Macrophomina phaseolina, Mucor racemosus, Paecilomyces sp. Penicillium chrysogenum, P. citrinum, 
P. commune, P. expansum, Rhizoctonia sp. and Stachybotrys sp. were isolated from these drinking 
water samples. However, the bacteria, microalgae and some other microorganisms were present 
in low concentrations. The reason for fungi infection and production of mycotoxicity depends 
upon various factors and the availability of their nutrients in filtration plants. The major threats to 
human health are fungal mycotoxicity which is responsible for carcinogenic and other lethal 
diseases. Mostly, the genus Aspergillus was dominated and isolated with a maximum of 88–98% of 
occurrence in the different samples of drinking water by the direct plate-spread method. For the 
control of fungi, various Physico-chemical coagulation treatments were used, but Potassium alum, 
clay pot, and hot water treatment disinfected effectively 69–70% removal of the fungi and its 
spore or mycelia from the water. In addition, it is concluded that drinking water purifications 
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such as chlorination, filtration and lime did not eliminate thermophilic fungal spores or mycelia 
including Penicillium, Paecilomyces and Mucor from the water.   

1. Introduction 

The water distribution system (pipeline) has been reported as biologically contaminated for several years by epidemiologists and 
pathologists in Asia and Europe [1,2]. The water is significantly affected by the number of fungi, bacteria, protozoa, actinomycetes and 
cyanobacteria and these are reported to change the adverse odour and taste of the drinking water distribution system [1–6]. The 
presence of fungi genera in drinking water not only changes the odour and taste but also causes some operational and technological 
difficulties [3]. Water contamination by fungal activities can produce mycotoxicity and allergy to human health [4,5]. It can be 
transmitted or inhaled during the sauna or showering. It may be ingested by different cavities such as cornea, skin and oral cavities into 
the human body and can be transmitted directly into the blood during surgical procedures [6]. 

It has been reported from African, Asian and European countries in several newspapers and social media last year that some genera 
of fungi and other microbes are reported in the distribution system of drinking water. Some fungi including water-borne are mutually 
associated with odour and taste problems and it also affects the different health-related and stomach problems [7–9]. The different 
genera of fungi are usually the source of toxins particularly antibiotic properties, mycotoxins, and some other secondary metabolites. 
The fungi genera which produce mycotoxins are known as toxigenic genera of fungi. It is reported by several researchers that 46 genera 
of fungi are responsible for producing mycotoxins, but the few dominant genera are Aspergillus, Fusarium, Clonostachys (Gliocladium), 
Penicillium, Stachybotrys, etc., rapidly producing mycotoxicity in water. All 46 genera have not been studied for their mycotoxicity but a 
few dominant genera have been screened [10]. [7,11,12] found the features of the predominance fungi genera colonizing in water are 
Acremonium, Aspergillus, Alternaria, Cladosporium, Fusarium, Penicillium, Mucor, Boeremia and Paecilomyces in drinking water derived 
from lake water. 

The fungal and bacterial control strategy of drinking water by suitable treatment has not been properly studied and the results are 
not prominent and unclear in Pakistan particularly in Karachi. The use of chemicals for disinfection is frequently used as a control 
strategy in drinking water plants for treatment. These treatments can initially or partially inactivate the contamination but later on, it 
may be recovered again in the water distributing system and the residual organisms are source of toxicity for human health. All fungi 
could not be deactivated or killed by chemical disinfectants because the nature of fungi is highly variable between genera and species 
[13]. According to Ref. [14], sand filtration may give better results as compared to chemical disinfectants. Sand filtration has been 
considered a good strategy to control and remove fungi from drinking water. The use of chlorination for disinfection is not sufficient 
and fit for water quality [15]. The chlorine treatment conveniently depends on pH and temperature (it also influences chlorine, as some 
bacteria and organisms grow better in warmer environments). But all spores, conidia, sclerotia or mycelia are reported not to be 
deactivated by the same treatment or constant temperature. Some fungal morphological structures and hyphal cells are capable of 
resistance against temperature. However, some fungal genera including Penicillium are reported to be extremely chlorine resistant. The 
demand for more chlorine can affect the other microbes which are environment-friendly or present in the soil where the pipe system is 
fixed which is made up of chlorine [16]. 

In Pakistan, water quality in most of the cities is decreasing quickly. The major cause of decreasing water quality is the ground 
water supply due to arsenic contamination. In Pakistan 20%–40% of hospitals are filled with people that are suffering from waterborne 
illness, according to United Nation International Children Emergency Fund (UNICEF). Fungal and bacterial diseases and infections 
represent about 80% (including diseases due to sanitation problems) of all diseases and are responsible for 33% of deaths [17]. [7] 
highlighted the drinking water quality, contamination sources, sanitation situation, and effects of unsafe drinking water on humans. 
There is immediate need to take protective measures and treatment technologies to overcome unhygienic condition of drinking water 
supplies in different areas of Pakistan particularly megacity of Karachi. 

In previous studies, microbial contamination in drinking water distribution has been reported from Africa, Asia Europe and South 
America [1,2,35]. In the present study, it has been reported almost in all provinces and mega cities of Pakistan [7,17,34]. In recent 
study, the mega city of Pakistan (Karachi) has been focused only on fungal microbial contamination and explore the status of fungal 
microbial contamination in public places of mega city Karachi. However, other microbes including actinomyctes, bacteria, virus, 
protozoa, and cyanobacteria have also been detected [50–52]. UNICEF also reported that due to the presence of microbial diseases, 
33% of deaths of children have been reported in Pakistan [17]. 

The main objectives of the present study were to explore and analyze the occurrence of fungi (Water-borne) mycotoxicity in 
drinking water and the assemblages of fungal composition in a different sampling of drinking water in public places, educational 
institutes, hospital, water supply system and surface water of the canal with percentage infection of fungal genera and to investigate 
the water treatment of fungi, in particular, physicochemical control. 

2. Materials and methods 

2.1. Study area and collection of water samples 

A total of twenty-five samples (1.5 L of each sample) of drinking water were collected from public places, educational institutes, 
hospitals, water supply systems and surface water of the canal of the megacity of Karachi-Pakistan (Fig. 1) from July to Sept 2021. The 
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samples of drinking pipeline water were preserved and kept at room temperature at the Department of Biotechnology, Federal Urdu 
University of Arts, Science & Technology, Karachi (Pakistan). 

2.2. Isolation of the fungal pathogens 

For the isolation of fungal pathogens, a direct plate-spread method (Place the water sample on the solidified and dried surface of the 
agar medium and spread it uniformly using a spreader) with volumes of 1 mL of water was used. The 1 mL per sample was placed on 
Potato Dextrose Agar (PDA) medium plates containing Penicillin and Streptomycin anti-bacterial drops. The Petri plates were kept for 
incubation at 28 ± 2 ◦C for 5 d [11,18,19]. The measurement and observation of fungi in water samples were assessed by 
colony-forming units (CFU) per volume of drinking water collected sample [20]. The occurrence percentage was noted by the given 
formula: 

Occurrence %=
Total number of fungi occurrence in collected sample

Total number of samples examined
× 100 

Identification of Fungi: 
The isolates of fungi were identified by their morphology and structure in culture. Fungi have mycelium (hyphae), the spores, the 

origin of the spores and asexual or sexual which are used in the identification. The isolates of fungi were identified by using 10 to 40×
of magnifications under the compound electron microscope to explore the morphological characters such as conidia, spores, mycelia, 
hyphae, growth rate, colony texture and growth pattern on PDA medium containing plates [21]. The standard manuals of [22–25] and 
others were studied for the characteristics features and confirmation of different fungal species. 

2.3. Physico-chemical test 

The Physico-chemical test experiment was conducted in the Department of Biotechnology, Federal Urdu University of Arts, Science 
& Technology, Karachi-Pakistan. The different Physico-chemical treatment parameters including potassium alum, chlorination, lime, 
microfiltration, clay pot and boiling/hot water were utilized against isolates of fungi. After the treatment of different physicochemical 
coagulation, the fungi infection percentage was observed after the 2 h of exposure.  

a. Potassium Alum (KAI (SO4)2): One 1000 mL of collected samples were kept and 0.5 g potassium alum was added by using the 
method of [26]. After 2 h, water samples were collected for post-observation of pathogens.  

b. Chlorination (Cl2): The concentration of chlorine 0.4 mg was added to 1000 mL of collected water samples [27] and it was further 
analyzed for isolation of pathogens after 2 h of time duration. 

Fig. 1. Showing the sampling study map of Karachi, Pakistan.  
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c. Lime (CaCO3): In water treatment, lime is used for softening water. But it can be also used for the disinfection of pathogens. 
However, calcium hydroxide can also be used for softening water. CaCO3 saves the usage of coagulants and settling time. The 
results of [28] suggested that CaCO3 requires a lesser amount of coagulants and also shortens the settling time. The concentration of 
lime 40 mg was added to 1000 mL of collected water samples by using the method of [29] and post observations were noted after 2 
h.  

d. Microfiltration: A thin layer of mesh which is capable of separating substances was used in water treatment. The size of the mesh was 
0.007 μm which was used to remove silk, sand or microorganisms, mycelia and other substances [30].  

e. Clay Pot: The 7-Litre circular egg-like oval shapes of the clay pots were used for the observation of collected water samples after 
keeping them for 2 h.  

f. Boiling/hot Water: This is the very basic and simplest method of disinfection. Temperatures of collected water are raised to their 
boiling point (100 ◦C) for 10 min and keep it for 2 h at room temperature. 

2.4. Statistical analysis 

Data were analyzed and subjected to analysis of variance (ANOVA) depending upon the experimental design according to Ref. [31]. 
The follow up of ANOVA included Least Significant Difference (LSD), Duncan’s multiple range test was also used to compare the 
treatment means. Analysis of variance (ANOVA) was followed by the standard error of the difference between means. 

3. Results 

A total of twelve (12) genera and seventeen (17) species were isolated and identified from drinking pipe water samples (Table 1). 
In the present study, the genus Aspergillus was dominated as compared to all other genera of fungi. A maximum of 88–98% of 

Aspergillus flavus, 33–77% of A. sulphureus and 28–70% of A. fumigatus contamination were observed in the samples of drinking water, 
respectively. However, a minimum of 8–23% of Paecilomyces sp. and 14–33% of R. solani occurrence were detected from all drinking 
water samples (Fig. 2). 

The samples of surface water of canal and drinking water supply system were contaminated 42.35% and 34.18%, respectively as 

Table 1 
Presence of fungi from different collected samples of drinking water. 

A ¼ Surface water of the canal, B ¼ Drinking water of public places, C ¼ Drinking water of educational institutes, D ¼ Drinking 
water of hospital and E ¼ Drinking water of water supply system = Presence and = Absence. 
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compared to other collected sample sites. The minimum 16.18% contamination and microbial activity were recorded from drinking 
pipeline water samples of educational institutes (Table 2). 

Physico-chemical Control: 
The highest 7.7–10.1% and 7.3–9.3% infection was re-isolated from those samples of water which were treated with limestone 

(CaCO3) and chlorination, respectively (Fig. 3). However, the least 6.6–8.2% infection was found in potassium alum, clay pots, and 
boiling/hot water after treatment (Table 3). 

Six Physico-chemical treatments (potassium alum, chlorination, lime, microfiltration, clay pot and boiling/hot water) were tested 
against the isolated fungi of drinking water samples. 

A maximum of 70% mean inhibition was recorded in potassium alum and 69% observed in boiling/hot water and clay pot, 
respectively. However, the minimum 59 and 64 mean inhibition percentage was observed from lime and chlorination treated water 
samples (Fig. 4). The genus Aspergillus, Mucor, Paecilomyces and Penicillium were regrown again in lab conditions after Physico- 
chemical treatments due to their thermophilic nature. 

ANOVA result of occurrence (%) of different fungi isolated from samples of drinking water. All samples collected from different 
sites including surface water of canal, drinking water of public places, drinking water of educational institutes, drinking water of 
hospitals and drinking water of water supply system showed most significant differences among different sites (Table 4). All sites have 
been detected with significant occurrence of fungi. 

Table 5 shows the ANOVA result of infection (%) of different fungi after different treatments of Physico-chemical control after 72 h 
of exposure. Almost all treatments of physico-chemical control including Potassium Alum, Chlorination, Microfiltration, Clay pot and 
Boiling/Hot water showed non-significant differences among different treatments as compared to control except Lime (Table 4). All 
treatments showed minor infection % after different treatments of Physico-chemical control after 72 h of exposure. 

Fig. 2. Occurrence % with of different fungi isolated from collected samples of drinking water (A ¼ Surface water of the canal, B ¼ Drinking water 
of public places, C ¼ Drinking water of educational institutes, D ¼ Drinking water of hospital and E ¼ Drinking water of water supply system). 
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4. Discussion 

Fungi in water distribution systems are well known and have gained importance recently [11,14,32,33]. It is unsurprising that 
fungi are isolated from the surface or underground raw water in reservoirs and distribution systems. Fungal contamination found in 
almost every environmental niche [13,34]. 

The occurrence of several fungal genera including Acremonium, Aspergillus, Cladosporium, Fusarium, Paecilomyces and Penicillium in 
a water distribution system supplied by groundwater in Recife—Pernambuco, Brazil was also reported by Ref. [35]. The various 
taxonomic studies of fungi have been reported that filamentous fungi genera are to be seen colonized in drinking water distribution 
systems including Fusarium, Acremonium, Phialophora, Penicillium, Exophiala, Boeremia, Verticillium, Humicola, Paecilomyces, Aspergillus, 
Myrothecium, Cladosporium, Volutella, Chara, Geomyces, Mucor, Ochroconis, Phaeococcus, Conidiobolus, Tilletiopsis, Alternaria, Plecto-
sporium and Sporocybe [11,36–39]. Paecilomyces lilacinus, Cladosporium cladosporoides, Aspergillus niger, A. ustus, A. fumigatus, A. ver-
sicolor, A. parasiticus, Geotrichum candidum and Penicillium rubrum are pathogenic fungal species and risk to human health [22,40–42]. 
[6] reported that it depends on the removal process and effectiveness of water treatment strategy to minimize the degree of fungal 
contamination in the water distribution system. The presence of fungal microbial such as Aspergillus versicolor, Penicillium frequentans, 
Cladosporium sphaerospermum and Aspergillus parasiticus in bulk quantity in water is a cause of pathogenic to warm-blooded animals 
and human heaths. These fungi are also reported in other several species which occur in biocenosis, colonizing bird feathers, nests and 
droppings [40,41]. The dominant and common genera and fungal species are Aspergillus flavus, A. fumigatus, Penicillium sp., Aspergillus 
niger and Cladosporium sp., observed in the USA as well as it has been also reported from Germany in water distribution systems [11, 
39]. The mold is also considered the main component of fungal microbial contamination in the drinking water systems as found in the 
term of frequency in abundant formation [11,43,44]. It is reported by Ref. [9] that those filamentous fungi particularly the genera 
Aspergillus and Penicillium are more complicated and dominated as compared to the yeast-like fungi or yeast in drinking water. Further 
research should therefore elaborate on the possible mechanisms affecting spore germination and growth within distribution systems. 
The effects of chlorine on fungal biofilms warrant particular attention since it remains undetermined how residual chlorine levels affect 
spore longevity and germination. 

According to Ref. [9] the effect and treatment of chlorine is uncertain against fungal and other microbial complexes. It is very 
complicated to examine the degree of effectiveness against fungal genera. Therefore, the proper information and details about the 
treatment of chlorine against fungal colonies and spores are extremely scattered [45]. reported that in underground water supply 
systems including storage of water in underground reservoirs where ambient air is packed or prevented, the fungal microbial 
contamination is lower and insufficient as compared to open water systems. Furthermore, they suggested that water treatment and 
procedure of purification by chlorination are not sufficient or helpful to eliminate the fungal spores or fungal growth activity [36]. 
investigated that actinomycetes and fungi, including low concentrations of thermophilic strains, were present in raw water supplies 
and that they could pass through both sand filtration and disinfection and therefore can occur in drinking water. The disinfection of 
fungi and actinomycetes may not be prevented by the water distribution system. 

Similarly [44], demonstrated that the number of microscopic fungi in water distribution systems may reach 100 CFU 10 mL. As the 
results of previous studies show, water treatment processes do not inhibit fungal presence in water systems. According to Ref. [6], it is 
caused by the growth of fungi as mycelial aggregations on water pipe surfaces to which chlorine access is difficult during treatment. 
Earlier studies by Ref. [46] showed that chlorine concentration 1.0–3.0 mg Cl2 did not have fungicidal effects on yeast cells and 

Table 2 
Mean Occurrence % with Standard Deviation of different fungi isolated from collected samples of drinking water.  

Isolated Fungi Occurrence % of fungi in drinking water samples 

A B C D E 

Acremonium sp. 67 ± 2.65 51 ± 3.61 47 ± 2.65 53 ± 3.61 31 ± 2.65 
Alternaria alternata 21 ± 3.00 13 ± 2.00 10 ± 2.65 29 ± 3.61 21 ± 4.00 
Aspergillus flavus 98 ± 1.00 92 ± 3.00 88 ± 2.00 90 ± 1.73 96 ± 2.65 
A. fumigatus 78 ± 5.29 49 ± 4.00 28 ± 3.46 37 ± 1.00 71 ± 1.73 
A. sulphureus 61 ± 2.65 55 ± 3.61 33 ± 2.65 40 ± 3.00 77 ± 1.00 
Cladosporium sp. 47 ± 2.65 0 ± 0 10 ± 1.00 0 ± 0 34 ± 1.00 
Fusarium sp. 53 ± 3.61 13 ± 2.00 0 ± 0 9 ± 2.00 37 ± 1.00 
Clonostachys (Gliocladium) sp. 51 ± 3.61 9 ± 2.00 11 ± 2.00 0 ± 0 19 ± 3.00 
Macrophomina phaseolina 45 ± 2.00 0 ± 0 0 ± 0 12 ± 1.00 15 ± 2.65 
Mucor racemosus 17 ± 2.65 11 ± 2.00 0 ± 0 16 ± 1.00 30 ± 1.00 
Paecilomyces sp. 23 ± 5.57 0 ± 0 0 ± 0 8 ± 1.00 12 ± 1.00 
Penicillium chrysogenum 27 ± 4.58 19 ± 3.00 11 ± 2.65 14 ± 3.00 35 ± 2.00 
P. citrinum 21 ± 2.65 21 ± 3.00 10 ± 1.00 0 ± 0 33 ± 2.65 
P. commune 32 ± 2.65 19 ± 1.73 0 ± 0 12 ± 1.00 11 ± 3.61 
P. expansum 12 ± 1.00 21 ± 3.00 13 ± 1.00 0 ± 0 29 ± 3.61 
Rhizoctonia sp. 33 ± 2.65 0 ± 0 14 ± 3.00 0 ± 0 14 ± 2.65 
Stachybotrys sp. 34 ± 2.65 11 ± 2.65 0 ± 0 11 ± 2.65 17 ± 2.00 
Total Occurrence Percentage (%) 42.35% 22.59% 16.18% 19.47% 34.18% 

A ¼ Surface water of the canal, B ¼ Drinking pipeline water of public places, C ¼ Drinking pipeline water of educational institutes, D ¼ Drinking 
pipeline water of hospital and E ¼ Drinking pipeline water of water supply system. 
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conidia. According to Ref. [48] that, in drinking water treatment plants, fungal spores are more resistant to chlorine disinfection than 
bacteria and viruses, which can regrow in drinking water distribution systems and subsequently pose health threats to water 
consumers. 

The results of [49] point to the garbage disposal facility (GDF)/contamination decreasing the water quality of the stream and 
possibly being responsible for Lifetime cancer risk (LCR). However, the ecological environment and human health will be at risk as 

Fig. 3. Infection % of different fungi after different treatments of Physico-chemical control after 72 h of exposure (A ¼ Surface water of the canal, B 
¼ Drinking water of public places, C ¼ Drinking water of educational institutes, D ¼ Drinking water of hospital and E ¼ Drinking water of water 
supply system). 

Table 3 
Infection % of different fungi after different treatments of Physico-chemical control after 72 h of exposure with Mean and Standard Deviation.  

Treatment Fungi infection % at different treatments of Physico-chemical coagulation after 72 h of exposure 

A B C D E 

Control 42 ± 2.65 22 ± 6.24 16 ± 1.00 19 ± 4.36 34 ± 1.00 
Potassium Alum 7.4 ± 1.59 6.8 ± 1.27 7.7 ± 1.53 8.2 ± 1.62 8.2 ± 1.52 
Chlorination 8.8 ± 1.35 7.9 ± 1.65 9.3 ± 1.20 8.1 ± 1.45 7.3 ± 1.56 
Lime (CaCO3) 10.1 ± 0.60 9.8 ± 1.50 11.7 ± 1.59 7.9 ± 1.65 7.7 ± 1.53 
Microfiltration 8.3 ± 1.61 8.1 ± 1.45 7.8 ± 1.65 7.6 ± 1.47 8.3 ± 0.53 
Clay pot 7.2 ± 1.35 6.9 ± 1.47 7.5 ± 1.30 7.4 ± 1.59 7.2 ± 1.35 
Boiling/hot water 7.9 ± 1.65 6.6 ± 1.12 7.3 ± 1.56 7.1 ± 1.46 7.6 ± 1.48 

A ¼ Surface water of the canal, B ¼ Drinking water of public places, C ¼ Drinking water of educational institutes, D ¼ Drinking water of hospital and 
E ¼ Drinking water of water supply system. 
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long as the activity of the GDF lasts. Environmental monitoring to assess the effect of the GDF on the ecological system should be 
maintained reported by Ref. [49]. 

The previous study on the bacterial contamination of drinking water of Karachi was conducted by Refs. [50,51] and fungal 
mycotoxicity has not been reported in previous studies [50–52]. The study recommended that immediate actions be taken to ensure 
the supply of potable drinking water to the city residents of Karachi. The study did not examine the physical and chemical quality of 
drinking water, and they recommended that further studies are needed to assess both the physico-chemical and microbiological quality 
of the city’s drinking water supply and their impact on human health [50,51]. These study correlates with our present study. However, 
a large number of previous studies [6,9,28,32–36,43,46–52] closely related and confirm our present findings. 

5. Conclusions 

➢ The occurrence of fungi genera in drinking water is not acceptable for people of the urban population. Drinking water contami-
nation has been reported over the entire world.  

➢ The water quality is uncertain due to the occurrence of fungi and other microorganisms. In the present study, a total of twenty-five 
water samples were collected, and 17 different pathogenic filamentous fungi were isolated from these water samples.  

➢ However, the bacteria, microalgae, and some other microorganisms were present in low concentrations. The reason for fungi 
infection and production of mycotoxicity depends upon various factors including thermophilic and mesophilic conditions and the 
availability of nutrients that infiltrate plants.  

➢ The genus Aspergillus was dominated in all samples of drinking water collected from different sites. The major threat to human 
health is fungal mycotoxicity which is responsible for carcinogenic, Aspergillosis in the liver, allergic, epidemic diseases and some 
other serious lethal diseases.  

➢ Mostly, for the control of fungi, different physicochemical control treatments were used, but Potassium alum, clay pot, and hot 
water treatment disinfected effectively removing the fungi and its spore or mycelia from the water. 

Fig. 4. Fungi inhibition % at different treatments of Physico-chemical control after 2 h of exposure (A ¼ Surface water of canal, B ¼ Drinking water 
of public places, C ¼ Drinking water of educational institutes, D ¼ Drinking water of hospitals and E ¼ Drinking water of water supply system). 

Table 4 
F-ration derived from ANOVA for occurrence (%) of different fungi isolated from collected samples of drinking water.  

Samples F-ratio P-value LSD0.05 

Surface water of canal 160.093 0.0000*** 5.354 
Drinking water of public places 309.007 0.0000*** 4.104 
Drinking water of educational institutes 440.112 0.0000*** 3.117 
Drinking water of hospitals 469.535 0.0000*** 3.194 
Drinking water of water supply system 155.206 0.0000*** 5.667  

Table 5 
F-ration derived from ANOVA for Infection % of different fungi after different treatments of Physico-chemical control after 
72 h of exposure.  

Treatments F-ratio P-value LSD0.05 

Control 27.044 0.0000*** 6.659 
Potassium Alum 0.445 0.7736ns 2.747 
Chlorination 0.908 0.4952ns 2.639 
Lime (CaCO3) 4.057 0.0330* 2.59 
Microfiltration 0.147 0.9600ns 2.55 
Clay pot 0.075 0.9881ns 2.58 
Boiling/Hot water 0.34 0.8448ns 2.658  
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➢ In addition, it is concluded that drinking pipeline water purifications such as chlorination, filtration and lime did not properly 
eliminate the fungal spores or mycelia from the water. 
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