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Abstract

This study aimed to measure spatial and temporal distributions of total phenolic compounds and their ecological and health
hazards using UV-vis spectrophotometers as a low-cost, fast, simple method in water and sediments collected from Timsah
Lake, Suez Canal, Egypt, 2022. Also, assessing highly adaptive fungal species associated with contamination is designed.
Due to human and environmental activities and industrial waste discharges, Timsah Lake is increasingly threatened by all
kinds of pollutants. The results indicated that the seasonal concentration means of the phenolic compounds were winter
(0.229) > spring (0.161) > summer (0.124) > autumn (0.131) mg/l and winter (3.08) > summer (2.66) mg/g in water and
sediment samples, respectively. The result has shown that the phenol concentrations in all stations were more than 0.005
and 0.1 mg/1 for Egyptian National Standards and World Health Organization (WHO) for drinking water but less than the
limits of 1 mg/1 for wastewater. Notably, the fungi recorded the highest counts during spring, totaling 397 colonies/100 ml of
water and 842 colonies/gram of sediment. Four isolates of fungi were identified and deposited in the GenBank database by
Aspergillus terreus, Aspergillus terreus, Penicillium roqueforti, and Penicillium rubens under accession numbers OR401933,
OR402837, OR402878, and OR424729, respectively. Moreover, ecological risk (RQ) for the total phenolic compounds was
> 1 in all investigated stations for water and sediments. The hazard quotient is HQ < 1 in all seasons in water and sediments
except winter. The hazard index (HI) in water and sediments for children is higher than for adults. It can be concluded that
the low-cost, fast, simple method for determining phenolic content in water and sediment samples, using UV-vis spectro-
photometry, was useful for predicting the reactivates of a wide variety of phenol and their derivatives. Furthermore, it can
be concluded that Periodic assessments of water quality and strict regulations are necessary to safeguard this vital resource
from pollution and ensure the well-being of future generations. Finally, policymakers and water treatment specialists might
use the information from this research to reduce these chemical pollutants in Egypt.
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Introduction

Phenolic compounds constitute a diverse group of organic
compounds ubiquitous in nature. Their occurrence can stem
from natural sources, such as decomposing organic matter
and vegetation, and anthropogenic activities, including
industrial processes, agricultural runoff, and domestic waste.
In aquatic ecosystems, the presence and concentration of
phenolic compounds serve as critical indicators of environ-
mental health and quality (Apostici et al. 2018; Brusseau
et al. 2019; Mainali 2020; Hanafi and Sapawe 2020; Xu et al.
2021; Gziut and Thomas 2022).

Water and sediment serve as sinks for phenolic
compounds, with sediments acting as long-term reservoirs
that can release these compounds into the water column
under certain conditions. The accumulation of phenolic
compounds in sediment can have far-reaching effects on
ecosystem dynamics, including altering nutrient cycling,
sediment stability, and potentially bioaccumulating aquatic
organisms. These pollutants threaten marine organisms
and harm human health (Mi et al. 2019; Hu et al. 2020;
Feng et al. 2020) due to their solubility, persistent, toxicity,
fast prevalence, and accessible transportation in water and
their consequences on the food chain and human health as
their neurotoxicity, carcinogenicity, endocrine-disrupting
and mutagenicity and bio-accumulative properties (Sun
et al. 2022). Regulatory bodies such as the United States
Environmental Protection Agency (USEPA) and the
European Union (EU) classify phenolic compounds as
priority pollutants due to their harmful effects on humans
and animals (Eletta et al. 2020; Chen et al. 2021; Prabhu
et al. 2021). Therefore, it is crucial to develop effective and
affordable methods for their detection that do not require
expensive laboratory equipment and are time-efficient (Zhao
et al. 2018; Rahimi-Mohseni et al. 2019).

The presence of phenolic compounds in surface waters
is devoted by various studies, emphasizing their toxicity
and their risks to human health and aquatic organisms in
multiple regions around the world (Wang et al. 2020; Chen
et al. 2021; Ramos et al. 2021; El-Naggar et al. 2022). More
research is needed to evaluate the phenol content using
spectrophotometers from water and sediment in Suez Canal
lakes (Timsah Lake) (El-Sawy et al. 2023).

The prevalence of polluted microorganisms (including
bacteria, fungi, and algae) in lakes relies on specific
contamination sites encompassing water and sediment areas
(Barathi et al. 2023). Fungi’s presence in these tainted sites
contributes to the degradation of these pollutants, a process
known as mycoremediation. Various microorganisms
are universally distributed globally and can be harnessed
to degrade pollutants (Singh et al. 2020). Moreover, they
are remarkably able to adapt and persist across diverse
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conditions. This adaptability extends to various fungal
species employed for remediating pollutants, including
heavy metals, hydrocarbons, pesticides, and radioactive
compounds (Kottb et al. 2019; Singh et al. 2021).

Understanding and monitoring the impact of total
phenolic compounds on water and sediment are crucial for
maintaining ecological balance, preserving biodiversity,
safeguarding water quality, and ensuring the health and
sustainability of aquatic ecosystems. Management strategies
aimed at mitigating the sources of phenolic compounds and
reducing their concentrations play a vital role in preserving
these delicate environments (Ramos et al. 2021). It is
frequently used in environmental decision-making because
it is a foundation for creating safeguards. Several research
studies have evaluated the ecological danger of phenolic
compounds in surface waters from various places (Yuan
et al. 2017; Zhong et al. 2018).

Timsah Lake, located in Egypt as a critical part of
the Suez Canal Lakes, is an essential aquatic ecosystem
with significant biodiversity and environmental balance.
It is a crucial component of the canal system, acting as
a substantial water reservoir along the maritime route
between the Mediterranean Sea and the Red Sea (Donia
2011; Mohamedein et al. 2019). Like many water bodies
worldwide, it faces environmental challenges due to
anthropogenic activities and environmental change.
Pollution from industrial effluents, agricultural runoff,
and urban activities threatens water quality and the overall
ecosystem health (EI-Serehy et al. 2018; Hassan and Kandil
2022).

This study aims to examine total phenolic compounds
using a rapid spectrophotometric method in Timsah Lake to
understand the lake’s health and contamination. Moreover,
highly adaptive fungal species were assessed for pollution in
Timsah Lake. Furthermore, a risk assessment will evaluate
the potential ecological and human health risks associated
with the observed phenolic compound levels in adults and
children.

Materials and methods
Study area

Timsah Lake, in Ismailia City, is the most significant water
body, with a surface area of 14 km?. It is a salty shallow
water basin between Suez and Port-Said at 30° 35046.55"
N and 32° 1930.54" E. The lake’s coastline is uneven and
trapezoidal; it has a surface area of about 8 km? with long
sides ranging around 5 km east to west and 4.5 km north
to south. The lake’s most excellent depth surpasses 25 m
near the Suez Canal navigational channel (EI-Azim et al.
2018; El-Serehy et al. 2018; Hassan and Kandil 2022). The
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region has three basins: Timsah Lake, the western lagoon,
and the Suez Canal pathway. The lake takes saline water
from the Suez Canal, mainly from the south. It also obtains
fresh water from the outlet Ismailia Canal at its eastern side;
El-Forsan drains from the North middle and drains via the
western Lagoon (Dar et al. 2021).

Timsah Lake’s bottom is primarily silt, with deeper sec-
tions dominated by anaerobic black mud and shallower
portions dominated by aerobic gray mud. The coastlines,
shallow waterways, and dredged regions are sandy, with
occasional rocky outcrops. The lake gets saltwater mostly
from the Suez Canal, with freshwater coming from vari-
ous sources, including the Ismailia Canal, seasonal streams,
and sewage outflows. This mixture of saltwater and fresh-
water inputs causes salinity stratification in the lake water
(El-Azim et al. 2018; El-Serehy et al. 2018; Dar et al. 2021)
(Table 1 and Fig. 1).

Sampling collection and storage
Water

Surface water samples in triplicate were collected seasonally
from 12 stations during 2022 (Table 1). Clean bottles were
submerged below the water surface to collect the samples
and then raised. Specific locations were chosen to cover the
areas predicted to be pollution-related. To inhibit microbial
growth in transit, 1 L of water was acidified to a pH of 2
with 10% HCI. After collection, the samples were sent to the
lab, where they were filtered via 0.45 m pore-size Millipore
glass-fiber filters. The filtered samples were kept at 4 °C
until analysis. The analysis followed standard procedures as
described by (IOC/UNEP 1991).

Sediment

In 2022, sediment samples weighing 1 kg each were
collected from the same water collection stations two
times/year from Timsah Lake. Triplicate samples were
taken from each station to ensure reliability. The samples
were collected using a Van-Veen grab sampler, explicitly
targeting the middle portion of the grab by removing
stones and other heavy particles. Large non-clay fractions
were removed from the clay. After collection, the samples
were carefully wrapped in pre-cleaned aluminum foil and
stored at a freezing temperature of —20 °C to preserve
their integrity until analysis. The storage method was
based on established protocols outlined by (Amini Ranjbar
1998; Readman et al. 2002).

Procedure

One of the key challenges researchers face when measuring
phenolic compounds is the expensive and time-consuming
extraction process and advanced measuring instruments
using HPLC and GC-mass techniques (Xu et al. 2021). At
the same time, spectrophotometric techniques have been
summarized for the trace-level determination of phenolic
compounds, which often utilize reagents like 4-amino
antipyrine and potassium ferricyanide. The UV-visible
spectrophotometer technique is commonly used because of
the ability of phenolic compounds to absorb UV light and
exhibit absorption features in the visible region. Additionally,
this method is suitable for analyzing various water samples,
including surface waters, saline waters, and domestic and
industrial wastes. It allows for the measurement of phenolic
compounds present in the aqueous phase without solvent
extraction (Rahimi-Mohseni et al. 2019).

Water The total phenolic content was analyzed using a
modified form of the traditional method described by Mar-
tin (1949), following the guidelines outlined in the EPA
420.1 Manual 1978. The analysis used a spectrophotometric
technique, specifically a UV-Vis Model 6800 instrument.
The proposed method for phenol determination is based on
the reaction between phenol and 4-amino antipyrine in alkyl
media.

Conc. of total phenolic compound in water (mg/1) = Abs X Factor

where TPC (total phenolic compounds) is in mg/l, and Abs
is the reading of phenol established from the calibration
curve.

Sediment (ultrasonic extraction) The standard of EPA
method 3550 C carried out the initial extraction from the
sediments (Ziyaadini et al. 2016) so that 1 g of the dried
sediment samples was added to 5.0 mL of dichloromethane-
n-hexane (50:50, v/v), and the mixture was shaken by soni-
cation for 15 min using an ultrasonic extractor.

Conc of Sample

Conc. of total phenoli d in sediment ==
onc. of total phenolic compound in sediment (mg/g) Cone of Standard

x Conc. of St.

where TPC in sediment samples (mg/g), C, is the concen-
tration of phenol sample established from the calibration
curve in mg/g, Cs is the concentration of phenol standard
established from the calibration curve in mg/g, and conc.,
of St. is the concentration of standard used.
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Table 1 Latitude, longitude, depth and features of the location in the area of study during 2022

S Late Long Depth of lake Features
1 3033074 3217 35.36 3m -Recreational beach along the lake shore
2 3033 17.62 321739.14 6 m -Sediments have gray color-Sediment texture is dominated by median sand
-Affected by different types of sewage
3 303333.31 32182.75 15m It is located in the navigation channel at the southern entrance to the lake
4 3033 51.13 3217 46.02 11 m
5 3034 27.29 3273217 12m Middle of the lake
6 30350.59 32187.25 15m -Recreational beach along the Suez Canal shore
7 3034 57.41 32 17 37.03 7m -Sediment texture is dominated by median sand
Rich growth of brown, red, and blue-green algae
8 303510.63 3216 58.42 1.5m -Freshwater intrusion
9 3034 58.71 3216 46.03 7m -Agricultural discharge
-Wastewater discharge
-The floor of the lake is covered with sand and rocks
High abundance of copepod and amphipod crustaceans
10 30 34 54.86 3216 22.88 8 m Recreational beach along the lake shore
-Industrial workshop for shipyards
-Domestic outfall areas
-Oil contamination
-Concrete platform floor covered with mud
11 3034 37.86 32162744 3m -Wastewater discharge
12 30 34 34.91 3216 12.65 1.5m -The floor of the lake is covered with sand and rocks

Fig. 1 Map for Timsah Lake area of investigation during 2022

@ Springer

7|
ﬂ s
8 i
®

il
=

L/ I

SUEZ CANAL




Environmental Science and Pollution Research (2024) 31:45667-45682

45671

Quality control (QC)

Experiment chemicals were from reliable sources, includ-
ing Merck, BDH, and HPLC grade, and all had high purity.
All of the experiments were conducted using double-dis-
tilled water to exclude any chance of contamination. The
standard phenol stock solutions were made by dissolving
the required phenol in an acceptable solvent until a concen-
tration of 1000 mg/l was reached. The stock solution was
then diluted with deionized water under strict conditions
to produce standard solutions of varying concentrations.
Analyses of aqueous solutions at different concentrations
of the analysts of interest were used to generate a standard
calibration curve. From the calibration curve, we calculated
an r-value of 0.999, which indicates a very high degree of
linearity between the response signal and the concentration
of the analysts. The calibration sensitivity is shown by the
slope of the calibration curve, which shows how much the
signal from the analysts’ responses changes for each unit of
concentration. Indicating that the sensitivity was stable over
different concentrations of analyzers, the calibration curve
was linear.

Microbiological analysis

The microbiological analysis involves isolating fungal
specimens from water—sediment samples and conducting
morphological and genetic identification of the most
abundant species. For sediment samples, sand samples were
mixed with sterile distilled water, spread on agar plates,
and incubated at 28 °C for 3—4 days. Colonies were then
transferred and identified based on their characteristics.
For water samples, serial dilutions were made, spread on
Sabouraud agar plates, and incubated at 28 °C for 7 days.
Fungal colonies were counted and identified based on
their morphology. All isolates exhibited similar growth on

Ksup — water = Fwater — susp + Fsoild — Susp X Foc — susp X

Czapek’s dextrose agar plates at 28 °C, with most colonies
reaching 3—4 cm diameters after 48 h of incubation (Mbata
2008; Souza et al. 2017; Glukhova et al. 2018).

Four well-isolated fungal colonies were randomly selected
based on their growth characteristics and morphology.
Fungal DNA was extracted and isolated from these colonies.
The ribosomal rRNA gene was then amplified using
universal fungal primers (ITS1 and ITS4) and subjected
to PCR under specific conditions. The PCR products were
purified, and their molecular sizes were determined using
agarose gel electrophoresis. Subsequently, the purified
PCR products were sequenced in both forward and reverse
directions using ITS1 and ITS4 primers. The obtained ITS
sequences were analyzed using the BLAST search program
to identify species in the GenBank. This methodology is
similar to the rapid fungal species identification methods
described by Alwakeel. Phylogenetic analysis was performed
by aligning the nucleotide sequences and constructing a
phylogenetic tree using Mega 7 software (Gontia-Mishra
et al. 2014; Chen et al. 2015; Alwakeel 2017).

Ecological risk assessment

The US Environmental Protection Agency’s (EPA)
ecological risk assessment approach serves as the foundation
for the environmental risk evaluation of phenolic compounds
in this research (Li et al. 2016, 2017; Chakraborty et al.
2016; Zhang et al. 2018). To evaluate the potential danger
posed by these phenolic chemicals, researchers used the risk
quotient (RQ) technique. RQ is calculated using the formula:

RQ = MEC/PNEC (1)

Ksup — water

PNEC sed. =
5 RHO Sup

X PENC water x 1000 2)

Koc
1000

x RHO solid 3)

MEC is the detected environmental concentration
(mg/l), and PNEC water is the predicted no-effect con-
centration (mg/l). RHOsolid is the density of the solid
phase, which is 2500 kg/m?; RHOsusp is the density of
wet suspended matter, which is 1150 kg/m?; F water — susp
is the volume fraction of water in suspension, which is
defined as 0.9 m*/m?; F solid — susp is the volume fraction
of solid in suspension, which is defined as 0.1 m>?/m?; Koc
is the partition coefficient of organic carbon—-water (L/kg);
Foc —susp is the mass fraction of organic carbon in sus-
pension, which is assigned as 0.1 kg/kg; (EPA 2015). The
ecological risk was categorized into three classes, which

depended on RQ values: RQ > 1 indicated a great eco-
logical danger, 0.1 <RQ < 1 indicated a medium risk, and
RQ<0.1 indicated a low environmental risk (EPA 2015;
Wang et al. 2019a, b).

Human health risk assessment
Non-carcinogenic risk to human health is evaluated using

the hazard quotient (HQ) in the following way (USEPA
2012):
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Table2 Exposure parameters used for the health risk assessment
through different exposure pathways. (USEPA, IRIS, 2002)

Parameters Unit Adults Child
Oral daily intake DR L/day 200 100
Daily intake sediment mg/day 30

Exposure duration ED Years 30 6
Body weight BW Kg 70 15
Exposure frequency EF  Day/year 365

Average time AT Days ED x 365 days

For non-carcinogens
For carcinogenic

Reference dose (RfD)

70x365=25,550 days

(mg/kg/day) 0.6

CX DR X EF X ED
BW X TA X RfD

HQdermal (mg/l/day) =

Table 2 from USEPA (2017) and IRIS provide the Oral
Reference Dose (RfD) for phenol (0.6 mg/kg/day); C.
The concentration of the contaminant (mg/l), DR daily
consumption rate for water (200 L/day), EF exposure fre-
quency (day/year), ED exposure duration (Year), BW body
weight (Kg), and AT averaging time (day). The overall
score is known as the hazard index (HI):

HI= ) HQ,

A high HQ value is associated with an increased risk of
non-cancer, whereas a low HQ value is associated with a
decreased risk of non-cancer.

Data analysis

The contour plot technique was utilized with the inter-
nal preferences map to represent Timsah Lake visually,
highlighting clusters where preferences increased and
others where preferences decreased (Busing et al. 2010).
Furthermore, to analyze phenol-fungal persistence across

different stations in the lake, Hierarchical cluster analysis
was employed based on the approach proposed by Qadir
et al. (2008). A one-way ANOVA test with Fisher multiple
comparisons was conducted to determine the significance
of the recorded data. Additionally, to establish a relation-
ship between the abundance of fungal species and envi-
ronmental variables, particularly phenol concentration,
Canonical Correspondence Analysis (CCA) was devel-
oped, as outlined by Bodaghabadi et al. (2011). All previ-
ous studies were implemented using the R-4.2.1 program,
following the methodology introduced by Matloff (2011).

Results and discussions
Occurrence of physical parameters

Physical parameters in Timsah Lake occur due to a com-
bination of natural and anthropogenic factors influencing
the lake’s physical characteristics. These parameters play
a crucial role in shaping the lake’s environment. Table 3
summarizes the physical parameters (water temperature, pH,
salinity, and transparency) concentrations in water samples
annual and seasonal variation from Timsah Lake during
2022. Temperature is essential for determining water qual-
ity and evaluating aquatic ecosystems. Water temperature
ranged between 17.35 °C in winter and 29.65 °C in sum-
mer, with an average mean of 23.65 +8.70. At the same
time, annual water temperature ranged between 23.92 and
24.77 °C at stations 6 and 9, respectively. It substantially
impacts numerous chemical and biological processes and
influences aquatic organisms’ distribution and living condi-
tions (Zaghloul et al. 2023). The pH level is another critical
chemical parameter with biological significance in natural
water systems. Changes in pH can affect the toxicity of cer-
tain substances in water (Zaghloul et al. 2023). The present
study recorded slightly alkaline mean values for pH, with
7.98 for minimum and 8.99 for maximum values, respec-
tively. At the same time, pH values ranged between 8.06

Table 3 Physical parameters

. - Lakes Temp PH Salinity Transparency
in water samples from Timsah
Lake, Egypt, during 2022 °C oo mg/l
Seasonal Min 17.35+0.87 7.98+0.24 1.10+0.05 20.00+0.40
Max 29.65+1.01 8.99+0.26 42.58+1.70 200.00+5.60
Average+S.D 23.50+8.70 7.95+0.71 24.41+29.33 41.89+127.28
Annual Min 23.92+2.56 8.06+0.46 1.20+0.01 26.25+2.21
Max 24.77+3.56 8.67+0.35 38.05+2.35 147.50+6.78
Average+S.D 22.98+0.60 7.97+0.43 24.75+26.06 80.01+85.74
p-value <0.00004 <0.00001 0.08 <0.00002
F-crit 4.30 4.30 4.30 4.30

Note: All tested variables are significant at p-value 0.05 using Anova analysis
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and 8.67 at stations 11 and 1, respectively. pH of Timsah
Lake and the western lagoon lies on the alkaline side in
all the studied stations; the lowest pH value was (affected
by the Mahsama drain). This drain, primarily agricultural
but also carrying domestic waste from various areas, con-
tains significant amounts of salts, nutrients, and biologi-
cal pollutants. The large nutrient and pollution from urban
and industrial centers can lead to organic over-enrichment,
eutrophication, and associated health problems. These issues
negatively impact biological communities and lead to the
lowest pH (Abukila 2015; Khairy and Ghany 2021). Salinity
levels ranged between 1.10%o0 during winter and 42.58 dur-
ing summer, averaging 24.41 +29.33%o. Variations in salin-
ity were the driving force behind all variations in the lake’s
water quality, in which annual variation ranged between 1.20
and 38.05%o at stations 12 and 6, respectively. The lowest
salinity in the western site may be due to freshwater dis-
charged from sewage treatment systems, untreated sources,
and nonpoint source runoff (EL-Mahsama drain and Abu
Gamous drain). On the other hand, the highest salinity was
recorded on the eastern side of Timsah Lake, which receives
municipal water from a covered conduit and a minor quan-
tity of fresh water from the Ismailia Canal (El-Azim et al.
2018). Transparency in water is caused by various sources,
including natural sources, sewage waste, surface runoff, and
industrial wastewater (WHO 2017). Transparency concentra-
tion is generally higher in areas exposed to agricultural and
urban pollution than in non-residential areas (Zaghloul et al.
2023). Values of transparency ranged between 20.00 and
200.00 cm. Transparency recorded near the southwestern
side is very high due to the outfall of domestic and indus-
trial wastewater. Finally, Timsah Lake suffers from increased
human population density, associated with decreased water
resources and increased organic contamination in the lake’s
water (El-Azim et al. 2018).

Occurrence of phenolic compounds

Natural and synthetic mono-aromatic phenol compounds
are a significant pollutant in many ecosystems (Abarian
et al. 2019). Depending on the volume and composition of
industrial and municipal discharges, phenol concentrations
in Timsah Lake’s surface water varied widely. The strong
correlation between concentrations of phenolic compounds
and solubility in water is possibly due to organic chemicals
having a greater propensity to dissolve in water (Zhou et al.
2017). Timsah Lake’s water and sediment concentrations,
including annual and seasonal fluctuations, are listed in
Table S1 and Figures (S1-S4).

The annual mean of total phenolic concentration in Tim-
sah Lake varied from (0.124-0.286) mg/l and (0.043-0.425)
mg/g with an average value of (0.161 +0.042) mg/l and
(0.229 +0.043) mg/g for water and sediment samples,

respectively. The highest values in water and sediment were
at station 12, while the lowest values in water were at station
8 and station 6 sediments, respectively. The high concen-
trations are mainly due to anthropogenic discharges. The
highest pollution occurred, especially at station 12, a very
shallow semi-closed zone with no circulation in the lake,
nearly 1.5 m deep. It is located near wastewater discharge;
pesticide application may induce the pollution of phenolic
compounds in aquatic environments by irrigation, agricul-
tural, domestic, and industrial sources with high land activi-
ties (Zhou et al. 2017; Etchegoyen et al. 2017). Also, due to
low water currents, which are not thoroughly mixed, high-
density organic materials exist in sewage water (Amteghy
2022). On the other hand, the lowest phenol concentration
in water was recorded at station 8, located farther away from
pollution sources and connected to freshwater sources, with
dilution occurring in this station (El-Azim et al. 2018). At
the same time, the lowest phenol concentration in sediment
was recorded at a station (6), which is far away from pollu-
tion sources besides the Suez Canal pathway (Donia 2011).

The seasonal mean of total phenolic concentration in
Timsah Lake varied from (0.169-0.377), (0.080-0.417),
(0.084-0.244), and (0.102-0.147) mg/l with average val-
ues (0.229+0.048), (0.161 +£0.088), (0.124 +0.043),
and (0.131+0.016) mg/l for winter, spring, summer,
and autumn, respectively, and from (0.048-0.450), and
(0.037-0.400) mg/g dw in sediment with average mean
values (0.246+0.117) and (0.213 £0.109) for winter and
summer, respectively. Seasonal variation in water follows
the order of winter > spring > summer > autumn and win-
ter > summer for sediment. The highest seasonal variations
mean of the total phenolic compound was recorded during
winter in Timsah Lake (0.229 mg/l and 0.246 mg/g) for
water and sediment samples, respectively. This season rep-
resents the period with the highest phenol abundance in the
lake. The high levels of phenol in Timsah Lake can be attrib-
uted to the discharge of untreated sewage and agricultural
effluents into the western lagoon. Other factors include the
effects of the Ismailia Canal, the dockyard of the Suez Canal,
and sewage discharge from Ismailia City and nearby villages
restricted to these stations (El-Azim et al. 2018; Hassan and
Kandil 2022). In contrast, the lowest total phenolic water
concentrations were observed in Timsah Lake during sum-
mer (0.161 mg/l). This may be due to high temperatures
accelerating the breakdown of organic pollutants due to
increased microbial activity (Soliman et al. 2017; Ezz El-
Din et al. 2023). Furthermore, Egypt’s climate, photolysis,
volatilization, and biological impact occur quickly (Amteghy
2022).

By comparing our result in this study with other stud-
ies, phenol content in water samples with acceptable limits
of USEPA 2018 for wastewater and higher than the limits
of WHO 2003 for drinking water. Moreover, the recorded
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limits are within range for drinking water sources in Nigeria
(Otitoju et al. 2023), the coastal waters of Alexandria (EI-
Naggar et al. 2022), Aqueous media Alexandra Georgiana
(Aposticd et al. 2018), and Lake Maryut, Egypt, (Khairy
2013). At the same time, they lie within the limit in sediment
with (Lake Marriott), Egypt (Khairy 2013; El-Naggar et al.
2022) (Table 4).

Finally, it noted that the phenol concentrations observed
in the study have yet to exceed the hazardous limits. They
were higher than the WHO’s (2003) and Egyptian National
Standards requirements for potable water but lower than the
USEPA’s (2018) limits for wastewater.

Microbiological analysis

Forty-eight water and sediment samples were inoculated
on Sabouraud agar plates; Table 5 shows the total colony
counts, frequencies, and percentages of genera and spe-
cies that grew on the phenol-Czapek’s agar. The number
of fungi in the spring was higher than in other seasons by
397 cells/100 ml of water and 842 cells /100 gm of sedi-
ment. The number of fungi in the sediment was 669, 735,
and 595 cells/100 gm in the summer, autumn, and winter,
respectively. Meanwhile, the overall number of fungi in the
water was 246, 312, and 177 cells/100 ml in the same sea-
sons. Similar isolates were selected in terms of morphology

Table 4 Compares studies for phenol content and other studies

and were identified as Aspergillus, Penicillium, and Fusar-
ium, the main groups. Four fungal isolates were chosen for
genetic identification. The amplified fungal sequences were
used as BLAST queries against the NCBI database. Table 5
shows the fungi isolated from the Timsah Lake compared
with closely related fungi in the GenBank. Most of the fungi
we isolated had 97-99% similarity with the associated fungi
recorded in the bank. Nucleotide sequences of the ITS1
region of 18 s IRNA genes of isolated fungal species were
deposited in the GenBank database by Aspergillus terreus,
Aspergillus terreus, Penicillium roqueforti, and Penicillium
rubens under accession numbers OR401933, OR402837,
OR402878, and OR424729. Figures (S5 and S6) represent
the phylogenetic tree of identified strains.

According to the result, the relationship between fungal
abundance and phenolic compounds is complex and influ-
enced by factors like fungal species, phenolic type/concen-
tration, and environmental conditions. Fungi can metabolize
phenolics, with some specializing in breaking down complex
phenols, while others tolerate high phenolic levels. Some
phenolics can inhibit fungal growth, affecting their presence.
In the water, the stations with the least fungal counts were
stations four, five, and seven, with counts of 11, 9, and 12,
respectively, over the four seasons. Conversely, phenol con-
centrations in these stations were relatively high compared
to others. In the sediment, station nine had the lowest fungal

Area Method Average range in water Sediment Ref
Timsah Lake UV-Vis 0.142-0.286 mg/l 0.043-0.450 mg/g Present study (2023)
Drinking water sources in Phenol 0.639/0.553 Otitoju et al. (2023)
Nigeria 2,4-DNP 0.261/0.262 0.169/0.131 mg/1
2,4,6- TCP
(Lake Marriott), Egypt 0.0082-2.86 mg/g El Zokm et al. (2022)
1.796 mg/g
Watercourses, Egypt HPLC 0.0265 and 0.021 mg/L for El-Deeb et al. (2022)

phenol and NPEO 9,

The water of Southern Iraq UV-vis spectrophotometry

(0.00982-0.132) 0.0175 mg /1

Amteghy (2022)

Coastal waters of Alexandria GC-MS 0.02-0.5 pg/ml El-Naggar et al. (2022)
Surface sediment of Xihe River, GC/MS 0.0087-0.0837 mg/g dw Sun et al. (2022)
China
Weihe River, China (UPLC) 0.06-14.12 3.54-34.09 Chen et al. (2021)
5.22 pg/l 11.09 pg/g
El Tebien, Helawan 20 pg/l Soliman et al. (2020)
Aqueous media Alexandra UV-vis spectrophotometry 0.09-2.30 mg/1 Aposticd et al. (2018)
Georgiana
Lake Maryut, Egypt <LOD to 0.298 mg/L 0.594 mg/kg dw Khairy (2013)
0.0543 mg/l
USEPA 2018 1.0 mg/l Eletta et al. (2020)
Wastewater
WHO 2003 0.1 mg/l

Drinking water
Egyptian National Standards

0.005-1.0 mg/l

El-Deeb et al. (2022)
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Table 5 Av.er age of fungal Water CFU/100 ml in water Sediment CFU/100 g

abundance in different seasons

in water and sediment with Locations Winter ~ Spring  Summer Autumn Winter  Spring Summer Autumn

ANOVA analysis using Shapiro

constant at alpha=0.05 Timsah Lake 1

13+£0.7¢ 31+3.19 20+1°

26+£2.61 49+1.5° 70+2.8° 55+2.8% 60+2.4¢

2 154089 26+26° 16+0.8" 21+2.1° 37+1.1F 534217 424+2.1" 46+1.8f
3 10+05" 30+3% 144077 19+1.9° 3341 474197 37+19" 41+1.6
4 114060 33+£33% 17409 244249 45+14" 644267 51+26° 56+22°
5 9+05" 254257 124067 17+1.77 35+1.1F 49+2f 3942 431417
6 19+1° 41+4.1" 26+1.3% 32+432° 69+2.1% 97+399 77+3.9¢ 85+3.49
7 11+0.6" 234237 124067 16+1.6" 30+09" 43+1.7" 34+1.7" 37+1.5
8 12+0.6° 27+27° 17+09" 224229 36+1.1"7 524217 41427 45418
9 11+06" 294299 16+0.8" 244249 26+0.8" 36+1.4" 20+14" 32413F
10 20+1°  39+3.9° 28+1.4° 33433 734£22° 103+4.1° 82+4.1" 90+3.6°
11 22+1.1° 46+4.6* 33+£1.7° 37+3.7% 78423 110+4.4> 88+4.4% 97+3.9P
12 24+12% 47+4.7* 35+1.8° 41+4.1*° 84425 118+4.7* 94+4.7* 103+4.1°
Average 20.5 26 14.75 33.08 5575 6125 4958  70.16

count by 0.150 mg/g which was relatively low compared to
other stations. On the contrary, fungal counts and phenol
concentrations were high in the other stations. From these
results, it can be inferred that fungal counts are positively or
negatively affected by phenol concentrations, as observed in
some stations. Similar findings to those of this study were
noted in previous research by Boonmee et al. (2020), Khalil
et al. (2021), Liu et al. (2023), and Matus et al. (2023),
which suggested the potential of fungi to reduce or grow on
various phenolic compounds in water and soil. Environmen-
tal factors, like soil conditions, impact phenolic availability
and fungal abundance. Fungal responses to phenolics vary
due to their biochemical diversity and adaptations (Ezz El-
Din et al. 2023).

Sabouraud agar is a commonly used medium for fungal
culture due to its ability to support the growth of various
fungal species. The pronounced fluctuations in fungal abun-
dance across seasons underscore the dynamic character of
fungal populations within the environment (Brazhnikova
et al. 2022). The more fungi observed in the spring than
in other seasons suggests that environmental factors, such
as temperature and moisture, shape fungal growth patterns.
The specific numbers provide quantitative insights into these
variations.

The variation in fungal counts between seasons indi-
cates the influence of temperature and other seasonal fac-
tors on fungal proliferation (Table 5). Similarly, the lower
fungal counts in water during winter (14.75) compared to
springer (33.08) could be attributed to environmental condi-
tions impacting fungal growth and dispersion as shown in
Table 5 (Chen et al. 2020). Morphological identification is
a preliminary step in fungal taxonomy, providing insights
into the diversity of fungal species. Aspergillus, Penicillium,

and Fusarium groups are well-known genera with diverse
ecological roles, including decomposition, pathogenesis,
and symbiosis (Yadav et al. 2022). The genetic identification
of fungal isolates adds a molecular dimension to the study.
Using amplified fungal sequences as BLAST queries against
the NCBI database, a comparative analysis can be performed
between their isolates and established fungal sequences. This
procedure plays a pivotal role in verifying the identity of
the isolates and elucidating their connections with fungi
that have been previously documented. Most isolated fungi
(97-99%) are similar to related fungi in the GenBank data-
base. This similarity suggests that the isolated fungi belong
to established taxonomic groups and reinforces the accuracy
of the identification process.

Ecological risk assessment

The ecological risk assessment was calculated depending
on the RQ values for the total phenolic compounds surface
water and sediment samples, and in comparing the sea-
sonal mean of RQ, values of water samples ranged from
(2.11-4.22), (1.00-5.22), (1.05-3.05), and (1.28-1.83)
during winter, spring, summer, and autumn, respectively
(Table S2 and Figures S7, 2, S8 and 3). In contrast, RQ in
sediment ranged from (0.60-5.63) and (0.46—5.00) for win-
ter and summer, respectively. The higher concentration RQ
was recorded (2.86) during winter > spring (2.01) > summer
(1.55) > autumn (1.64), whereas seasonal ecological risk
variation in sediment showed a higher concentration during
winter (3.08) > summer (2.66). The annual environmental
risk means of water ranged between 1.56 and 3.58 with an
average mean value of 2.01 +0.53. At the same time, the
ecological risk of sediment samples ranged between 0.53 and
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Fig.2 Annual variation of

ecological risk water samples of

the area of investigation during

2022 4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

1

Annual RQ in Water Samples

5.31 with an average mean value of 2.87 + 1.41. Environmen-
tal risk (RQ) for the total phenolic compounds was> 1 in all
investigated stations for water and sediment samples, reflect-
ing the high ecological risk of these compounds in water and
sediments. In addition, station 12 recorded the highest RQ
in water during all seasons, especially spring and sediments,
and was classified as a significant ecological danger. The
relative areas with the greatest risk of phenol contamination
in water and sediments may affected by the movement of cur-
rent and different types of waste; as a result, more attention
should be devoted to the ecological concerns presented by the
sediment in this impactive impact on agriculture, stockbreed-
ing, or generating further pollution in water via sediment des-
orption (Zhou et al. 2017). In contrast, stations (2 and 6) in
sediments RQ < 1 reflect medium risk. Finally, total phenolic
compound RQ risk> 1 in water and sediments indicated a
great ecological danger, and 0.1 <RQ < 1 indicated a medium
risk (EPA 2015; Wang et al. 2019a, b).

Human health risk assessment

Human risk assessment of phenolic compounds was per-
formed by calculating non-carcinogenic risk. Non-carcino-
genic risk assessment is dependent on a nonlinear model.
Even though chemicals’ carcinogenic and non-carcinogenic
risks cannot be wholly distinguished (Zhou et al. 2017).
Given this study, it was proven that the dose threshold of
the chemicals, any risk less than the dose threshold, was
expected to have no risk to human health.

The hazard quotient (HQ) was used to assess the non-car-
cinogenic risk in this study. Table 6 shows the values of the
pollutants of total phenolic compound in water were < 1 in
almost all stations except the winter season and in sediment
samples < 1. Hazard quotient HQ calculated for mutagenic
and other non-cancer health effects ranged in water samples
between (8 x 107" - 1.6Xx 10*"), (3.8x 107" =2.0x 10%"),
(4.0x107"'=1.2x 10", and (4.9% 107" to 7x107") for
adult, respectively, and from (1.90 x 10*! —=3.75x 10™"),

Fig.3 Annual variation of eco-

logical risk sediment samples of

the area of investigation during

2022 7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

1

Annual RQ in sediments
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(8.90x 107" = 4.60x 10*"), (9.33x 107" =2.71 x 10*1),
and (1.13x 107" = 1.63x 10™") for the child during winter,
spring, summer, and autumn, respectively, whereas HQ risk
in sediment samples ranged from (3.45x1072-3.21x 107}
and (2.64x1072-2.86x107") for adults and from
(1.61x107'=1.50x 10*") and (1.23x 107" —1.33 x 10*})
for child during winter and summer, respectively. HI in chil-
dren was more than in adults in water and sediment samples.
Elevated HI value (> 1) recorded in water and sediment sam-
ples points to a raised risk of non-cancer disease incidences
in their lifetime. This implies that most examined samples
may pose little or no mutagenic (non-cancer) health effects
on consumers.

Data analysis

The analysis of the reference map with the contour map
illustrates the influence of fungal abundance and phe-
nol concentrations at different stations. This analysis
relies entirely on examining principal components and
Agglomerative Hierarchical clustering (AHC), merging
their results into a unified analysis. The analysis of AHC
resulted in the identification of nine clusters. The first
cluster encompasses phenol concentrations in water dur-
ing the summer, while the second cluster involves phenol
concentrations in water during autumn. The third cluster
represents phenol concentrations in winter, and the fourth
cluster pertains to phenol concentrations in spring. The
fifth cluster encompasses soil phenol concentrations dur-
ing both summer and winter seasons. The sixth cluster
pertains to fungal density in water during the summer,
while the seventh cluster concerns fungal density in water

during autumn and spring. The eighth cluster represents
fungal density in water during the winter, and the ninth
cluster involves fungal density in soil across all seasons.
These nine clusters exhibited varying degrees of impact
attributed to different stations, as depicted in (Figs. 4 and
5). The second, fourth, fifth, and ninth clusters exhibited
the most pronounced effects. Consequently, this region
displayed the highest impact percentage in the contour
map, ranging from 80 to 90%.

On the other hand, the percentage of satisfied asses-
sors for each station varied across the stations accord-
ing to the results. The third, fourth, and ninth stations
exhibited the lowest concentrations, while the second and
eighth stations showed an 11% concentration. The fifth
station had a concentration of 22%, the sixth and seventh
stations had a concentration of 44%, the first station had
a concentration of 67%, the tenth and eleventh stations
had a concentration of 78%, and the twelfth station had
a concentration of 100%. The analysis reveals that the
presence of fungi is influenced by the price pollutants,
including different phenol concentrations, across the dif-
ferent stations.

Considering the analysis of variables and their interde-
pendencies, the impact of fungi on phenol concentrations
and vice versa was examined through a canonical analysis
(Fig. 6). The results of the analysis can be summarized as
follows: there is no significant effect of phenol concentra-
tions in water during the summer, autumn, and winter sea-
sons on the presence and types of fungi. However, during
other seasons, the presence of fungi was positively influ-
enced. This suggests that the fungal population increases
with higher concentrations of phenols and their derivatives
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Fig.4 Contour plot with preferences map for Timsah Lake using fungal and phenolic parameters
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Fig.5 Agglomerative hier-

archical clustering (AHC) of
fungal abundance with phenol
concentrations
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during the winter and summer. The increase in phenolic
compounds is attributed to elevated industrial discharge,
including petroleum pollution, which occurs during these
periods of the year.

An ANOVA analysis was conducted, as shown in
Tables (5 and S1) to analyze the differences in the values
of variables during this study. Regarding the phenol con-
centration in water and soil during different seasons, the
twelfth station exhibited the highest variability accord-
ing to the Shapiro constant. Following the twelfth station
in terms of variability were the tenth and fifth stations
in water during the summer season, the ninth and fifth
stations in water during the autumn season, the eleventh

Fig.6 A canonical correspond-

station in water during the winter season, and the first
station in water during the spring season. The first and
tenth stations showed the most variability in soil during
the summer, and the first station showed the most vari-
ability during the winter.

As for the presence of fungi in different seasons, the
twelfth and eleventh stations were also the most influential
stations according to the Shapiro constant. The increased
impact is attributed to the accumulation of a large human
population and various activities in these two stations, lead-
ing to a direct or indirect increase in pollutants, making the
area suitable for the growth of various microorganisms,
including fungi, the subject of the study.

Variables (axes F1 and F2: 37.14 %)

ence analysis of fungal distribu-
tion with phenol concentrations
in stations of Timsah Lake
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Conclusion

The findings showed that the highest seasonal variations
mean of the total phenolic compound was recorded during
winter in Timsah Lake for water and sediment samples,
respectively. Also, the total phenolic compounds in the
water were above the maximum the World Health Organ-
ization and the Egyptian National Standards allowed.
Furthermore, the number of fungi in the spring was
higher than in other seasons by 397 cells/100 ml of water
and 842 cells/100 gm of sediment. The most dominant
detected fungal isolates in water and sediment samples
are Aspergillus sp., Penicillium sp., and Fusarium sp. The
RQ found that phenol levels in the water at the stations
studied were consistently high throughout all four sea-
sons. In addition, significant ecological concerns were
associated with the total phenolic chemicals at all stations
studied, regardless of the time of year. HQ were < 1 in
almost all stations for water and sediment samples. HI
values are higher in water and sediment samples in chil-
dren than in adults. A significant summertime non-cancer
risk was seen among regular users across all investigated
stations, as determined by HI.

This work evaluated the distribution of total phenolic
compounds, primary pollution sources, and their relation to
the occurrence of the highly adaptive fungal species. Also, it
assessed the risks of total phenolic compounds in the water
and sediment of Timsah Lake. Finally, the authors offer a
spectrophotometer for rapidly and accurately determining
phenol concentrations in aqueous solutions with a cheap
cost, short time, and ease of use, making this technique suit-
able for commercial labs.
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