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ARTICLE INFO ABSTRACT
Avrticle History: This study highlights significant heavy metal pollution on Al-Shaeir
Received: Feb. 3, 2025 Island, Qalubia, Egypt, during 2022 and 2023 with levels exceeding

Accepted: March 14, 2025 international standards. The bioaccumulation of Fe, Mn, Pb, and Cd in five
Online: March 16, 2025 freshwater snail species (Cleopatra ferruginea, Helisoma duryi, Lanistes
carinatus, Physa acuta, and Theodoxus niloticus) underscores the potential

ecological risks. Selected for their bioindicator potential, these species
provide crucial insights into heavy metal impacts on freshwater ecosystems,
emphasizing the need for further monitoring and remediation efforts. Water
analysis revealed metal concentrations exceeding FAO and USEPA
standards, indicating significant pollution. Bioaccumulation factor (BAF)
analysis showed species-specific variations, with Physa acuta exhibiting the
highest accumulation levels. Elevated nitric oxide (NO) levels in all tested
species suggest a physiological response to metal exposure. Increased ALT
and AST enzyme activities correlate with higher BAFs, indicating potential
liver toxicity. Histological examination revealed excessive lipofuscin
accumulation in digestive glands, suggesting oxidative stress and cellular
damage. Additionally, comet assay results confirmed significant DNA
damage, highlighting the genotoxic effects of heavy metal contamination.
These findings emphasize the role of freshwater snails as bioindicators and
highlight the importance of environmental monitoring in polluted aquatic
ecosystems to support sustainable development.
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INTRODUCTION

Heavy metals pose a significant hazard because of their potential to bioaccumulate
in aquatic ecosystems and organisms, persisting due to their resistance to biodegradation
and long biological half-lives. Human activities are the primary sources of heavy metal
contamination in water bodies (El-Sayed et al., 2015).

Aguatic organisms accumulate heavy metals from both food and water sources.
Factors such as dissolved oxygen levels, metal interactions, physicochemical conditions,
and the presence of dissolved metals influence metal accumulation. In addition,
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geographical variations, seasonal fluctuations, food availability, sediment attributes, and
internal factors such as organism growth patterns impact accumulation (Cougun et al.,
2006).

Snails, especially molluscs, are valuable for monitoring aquatic contamination due
to their abundance and ease of collection across various habitats. Their limited mobility
and larger size make them advantageous for biomonitoring, as they effectively
accumulate pollutants such as heavy metals (Lau et al., 1998). VukasSinovié¢-Pesi¢ et al.
(2017) emphasized the significant impact of heavy metals on freshwater snail tissues,
highlighting the efficacy of species such as V. mamillatus, which is an efficient
biomonitor tool for assessing iron (Fe), lead (Pb), and cadmium (Cd) levels in aquatic
environments.

The toxicity, bioaccumulation potential, and persistence of heavy metals have
raised significant concerns about their impact on aquatic ecosystem health (Wang et al.,
2015; Che et al., 2020). Even minimal quantities of heavy metals can be toxic to
organisms, according to Mehmood et al. (2019). Lead, mercury, and cadmium are
particularly harmful due to their limited utilization by plants and animals, as noted by
Singh et al. (2018). Pyatt et al. (2002) reported adverse effects on the behavior of
Lymnaea stagnalis in lead-contaminated water, with significant lead bioaccumulation in
the stomach and buccal mass tissues of the snail.

Heavy metals induce the production of reactive oxygen species (ROS) in aquatic
organisms, causing significant stress due to poor degradability and bioaccumulation
tendencies (Company et al., 2004; Nunes, 2011; Bianco et al., 2013). Molluscs, known
for their resilience to toxic substances such as metals, serve as effective biomonitors
(Salanki et al., 2003; Giarratan et al., 2010; Mahajan, 2015; Rehman et al., 2016).
These metals can influence oxidative stress parameters in the hepatopancreas, such as
protein carbonylation, malondialdehyde (MDA), and total protein levels.

In contrast, a control group of snails presented a significant decrease in liver
enzyme levels despite slightly greater metal accumulation. As highlighted by Zhang et
al. (2019), the liver acts as the primary organ for detoxification in animals, playing
crucial roles in both pro- and anti-inflammatory responses during toxin detoxification
processes.

Advocate histological examinations are crucial tools for assessing the lasting
impacts of water pollution and quantifying contamination levels (Mohamed & Sabae
2015; lbemenuga et al., 2019). Alkaline single-cell gel electrophoresis (SCGE), also
known as the "comet™ assay, was pioneered by Singh et al. (1988). It was buildt upon the
initial 'neutral' version developed by Ostling and Johanson (1984). This cost-effective
technique is pivotal in enhancing our understanding of pollutant-induced genotoxicity
and its risks to various organisms.

This study evaluated the bioaccumulation of heavy metals in five freshwater snail
species (Cleopatra ferruginea, Helisoma duryi, Lanistes carinatus, Physa acuta, and
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Theodoxus niloticus) during the 2022 and 2023 seasons in the waters of Al-Shaeir Island,
Qalubia, Egypt. It investigated bioaccumulation factors in snail tissues and their impact
on nitric oxide (NO) levels, alanine aminotransferase (ALT), and aspartate
aminotransferase (AST) activities, along with histological changes in the digestive gland
and DNA damage assessed through comet assay analysis.

MATERIALS AND METHODS

1. Physicochemical parameters

The physicochemical parameters at the water site on Al-Shaeir Island, Qalubia,
Egypt, were measured using specialized instruments: a portable pH meter (Hanna
Instruments HI 9024) for temperature and pH, a portable conductivity meter (Hanna
Instruments HI 9635) for electrical conductivity (EC) and total dissolved solids (TDS),
and a portable DO meter (Hanna Instruments HI 8543) for dissolved oxygen (DO) levels
(Jannat et al., 2019). Measurements were conducted at noon, 20cm below the water's
surface.
1.1. Water samples

The water samples, which were collected following the WHO (2011) guidelines
50cm below the water surface and stored in dark polythene bottles, were 500ml/ each. To
prevent heavy metal adhesion, 5ml of nitric acid was added to each sample after
collection. In the laboratory, the samples were filtered through 50ml of Whatman No. 42
filter paper and a 0.45um pore size syringe filter. The filtered samples were refrigerated
until analysis. Heavy metal analysis (Fe, Cd, Mn, Pb, and Cd) was conducted via an
atomic absorption spectrophotometer (GBC AVENTA) (Abdel Kader et al., 2016).
2. Collection of freshwater snail species

Freshwater snail species, including Cleopatra ferruginea, Helisoma duryi,
Lanistes carinatus, Physa acuta, and Theodoxus niloticus, were collected using a
standard 300mm dip-net sieve in the study location (Fig. 1). The samples were placed in
plastic cases with site data recorded and transferred to the lab for cleaning, sorting, and
examination for natural parasite infections. Healthy, uninfected snails were kept in plastic
aquaria (10 snails/L of field water) under controlled conditions at a constant temperature
of 24+ 1°C. Taxonomic classification followed Hynes (1984), with identification
confirmed by the Medical Malacology Department at Theodor Bilharz Research Institute,
Imbaba, Giza, Egypt. For the control study, 200 uniformly sized snails from each species
were collected from the site and maintained in a controlled environment, free from site
pollution.
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Fig. 1. Studying area of Al-Shaeir Island, Qalubia, Egypt, coordinate system (WGS 840)
3. Bioaccumulation of heavy metals

Snail samples from both the control group and field snails had their shells
removed, and the tissues were dried at 80°C before being weighed. Each tissue sample
was then digested with 1ml of concentrated nitric acid (HNO3) at 70°C for 2 hours,
followed by dilution with 5ml of ultrapure deionized water for heavy metal analysis
(Federici et al., 2007). The concentrations of heavy metals, including Fe, Mn, Pb, and
Cd, in the digested tissue samples were measured using an atomic absorption
spectrophotometer (GBC AVANTA™), The bioaccumulation factor (BAF) was
calculated using the formula: BAF = concentration of the metal in snail tissues (mg/g or
ug/g dry weight) / concentration of the metal in water (mg/L). According to Avila et al.
(2017), BAF values below 1 indicate no contamination, values between 1 and 10 suggest
tolerance, and values above 10 imply hyperaccumulation.

4. Biochemical analysis

The tissues were weighed and homogenized via a UP 200H ultrasonic processor
with 1g of tissue in 2ml of dechlorinated water. The suspension was subsequently
centrifuged at 25°C for 45 minutes at 4000rpm. The fresh supernatant was used for
biochemical tests, and the pellet was discarded following the protocol of El-Khayat and
Abu-Zikri (2004).

4.1. Nitric oxide (NO) measurement

The concentration of nitric oxide (NO) in the tissue homogenate of freshwater
snails was measured via a colorimetric NO kit (Biodiagnostic Company, Dokki, Giza,
Egypt; Cat. No. GR 2511) following the method of Montgomery and Dymock (1962).
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4.2. Enzyme activities

In this study, the enzyme activities of ALT and AST in freshwater snail
homogenate tissues were assessed. Three replicates were prepared for each species, with
ten snails per liter. The soft tissues were separated from the shells, and aminotransferase
activities for aspartate (AST) and alanine (ALT) were determined following the methods
of White et al. (1970). The chemicals for these assays were obtained from QCA Ltd.,
Spain.
5. Histological investigationof the digestive glands of freshwater snail species

A study investigated the impact of heavy metals on freshwater snail species
through histological examination of the digestive gland. The digestive glands were
removed, preserved in Bouin's solution for 24 hours, and then dehydrated in a series of
ethanol concentrations. After being cleaned in xylene, the tissues were embedded in
melted wax and sectioned at 5um using a rotary microtome. The sections were stained
with Delafield's hematoxylin and eosin, mounted with DPX, and examined via a Carl
Zeiss microscope (EI-Nahas & El-Deeb, 2007).
6. Assessment of genotoxicity via the comet assay

A study on DNA damage was conducted in both the control group and
bioaccumulated snails from the study site, drawing insights from the works of Singh et
al. (1988) and Grazeffe et al. (2008).
7. Statistical analysis

For the statistical analysis, the standard deviation (SD) or mean £ SD was used to

represent the biochemical parameters. The procedure outlined by Sokal and Rohlf
(1995) was followed, utilizing the Student's t-test to determine significant differences
between the control and field snail groups. A 95% confidence level was applied as the
threshold for statistical significance, with P< 0.05 indicating significance and P< 0.001
indicating high significance.

RESULTS

Physicochemical parameters of the examined water samples

In Table (1), the mean levels of temperature, pH, dissolved oxygen, electrical
conductivity (EC), and total dissolved solids (TDS) in the water from Al-Shaeir Island,
Qalubia, Egypt, during the 2022 and 2023 seasons are presented, alongside the
permissible heavy metal levels set by the FAO and USEPA.

The recorded environmental parameters are as follows: temperature 30.56 + 0.053°C,
pH 6.36 + 0.053, dissolved oxygen 9.89 + Omg/ L, electrical conductivity (EC) 847.44 +
0.90uS, and total dissolved solids (TDS) 239.2 £ 0.16mg/ L.

The concentrations of heavy metals detected include iron (Fe) at 12.53 + 0.27 mg/L,
manganese (Mn) at 13.72 + 0.26 mg/L, lead (Pb) at 11.7 £ 1.78 mg/L, and cadmium (Cd)
at 12.86 £ 1.62 pg/g.
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These values are compared against the allowable limits established by the Food and
Agriculture Organization (FAO) and the United States Environmental Protection Agency
(USEPA), as presented in Table (1).

Table 1. Physico-chemical parameters of water samples collected from Al-Shaeir Island,
Qalubia, Egypt, during the 2022 and 2023 seasons

Physical parameters of examined water site Allowable levels, as outlined by the FAO and USEPA
Parameter Concentration
Temperature (°C) 30.56 +0.053 25°C
pH 6.36+0.053 6.5-8.4
D.O (mg/l) 9.89+0 >5 mg/l
TDS (mg /l) 239.2 +0.16 < 450
Electric Conductivity EC 847.44 £0.90 <3 m mhos/cm
(umhos/cm)
(Fe) (mg /l) 12.53 £0.27 0.5-50 (mg /1)
(Mn) (mg/l) 13.72 £0.26 0.5 (mg /1)
(Pb) (mg/ 1) 11.7£1.78 0.05 (mg/ 1)
(Cd) (ug/g) 12.86 +1.62 0.00025 (ug/g)

Bioaccumulation of the heavy metals iron (Fe), manganese (Mn), lead (Pb), and
cadmium (Cd) in the dried tissues of selected snail species

The data presented in Table (2) and Fig. (2A) reveal varying concentrations (mg/g)
of Fe in the dried tissues of the freshwater snail species under study. Theodoxus niloticus
presented the highest concentration at 492.30 £ 0.14mg/ g, significantly exceeding the
control group's Fe level of 154.52 + 0.01mg/ g (P< 0.001). Similarly, Physa acuta had a
concentration of 480.42 + 0.01mg/ g, whereas the control group had a value of 413.73 £
10.5mg/ g. Additionally, Helisoma duryi, Lanistes carinatus, and Cleopatra ferruginea
presented distinct Fe levels, with Helisoma duryi at 386.71 = 0.01lmg/ g, Lanistes
carinatus at 380.82 + 0.05mg/ g, and Cleopatra ferruginea at 108.31 + 0.09mg/ g. These
values were significantly greater than those of the control group (P< 0.001). On the other
hand, Table (2) and Fig. (2B) depict the accumulation of the heavy metal Mn in dried
tissues, with a focus on various species. Physa acuta had a significantly greater
concentration (410.36 + 0.01mg/ g) than did the control group (156.40 + 0.46mg/ g) (P<
0.001). Compared with the control, the concentration of Cleopatra ferruginea increased
markedly to 404.49 + 0.005mg/ g, with a value of 268.3087 + 0.324mg/ g. Helisoma
duryi was 369.75 £ 0.02mg/ g, whereas it was 297.5937 = 0.889mg/ g in the control
group. Lanistes carinatus compared with that of the control, the content of the former
significantly increased to 115.6737 + 0.106mg/ g, whereas that of the former was 91.035
+ 0.0096mg/ g, while Theodoxus niloticus was 144.641 = 0.265mg/ g, Compared to
97.765 £ 0.103mg/ g in the control group. These results highlight significant variations in
Mn concentrations in the tissues of these snail species compared with their respective
control groups (P< 0.001).
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The dried tissues of freshwater snails collected from Al-Shaeir Island, Qalubia,
Egypt, in this study presented notable differences in lead (Pb) accumulation (ug/g)
compared with those of the control groups, as detailed in Table (1) and Fig. (2C).
Helisoma duryi presented a significant increase in lead accumulation of 449.17 + 0.05ug/
g, which surpassed that of the control group (254.44 + 0.02ug/ g; P< 0.001). Physa acuta
presented lead accumulation of 343.12 + 0.01pg/ g in dried tissues, which contrasted
with that of the control group (92.21 = 0.009ug/ g; P< 0.001). The lead accumulation of
Cleopatra ferruginea was 259.73 + 0.005ug/ g, whereas that of the control Cleopatra
ferruginea species was 182.40 + 0.005ug/ g. Theodoxus niloticus and Lanistes carinatus
presented lead accumulations of 212.3 £ 0.092ug/ g and 208.1333 = 0.0282ug/ g,
respectively, compared with 87.006 + 0.002ug/ g and 144.24 + 0.03ug/ g in their
respective control groups (P< 0.001).

One of the heavy metals considered to be the most harmful to aquatic organisms is
cadmium (Cd). Table (1) and Fig. (2D) present the accumulation of cadmium in the dried
tissues of freshwater snail species collected in the present study. Physa acuta recorded
the highest significant value, 500.3 + 0.16pg/ g, compared with 346.6 = 0.16ug/ g in the
control group. Cleopatra ferruginea living in polluted water presented a highly
significant value of 387.02 £ 0.0002ug/ g compared with 299.008 + 0.0002ug/ g in the
control group (P< 0.001).

Theodoxus niloticus collected from the same polluted site presented a highly
significant value of 335.6 + 0.1pg/ g compared with 243.2 = 0.1ug/ g in the control
group, where the water was changed weekly. Helisoma duryi and Lanistes carinatus
showed cadmium accumulation in their dried tissues, with values of 305.4133 +
0.0141pg/ g compared with 190.4333 + 0.0533ug/ g and 129.0133 + 0.0213ug/ ¢
compared with 83.0033 £ 0.00533ug/ g in the control group (P< 0.001).

Table 2. Bioaccumulation of iron (Fe), manganese (Mn), lead (Pb), and cadmium (Cd) in
dried tissues of freshwater snail species from Al-Shaeir Island, Qalubia, Egypt, during the
2022 and 2023 seasons

Species of fresh water snails Fe (mg/g) Mn (mg/g) Pb (mg/g) Cd (ug/g)
Cleopatra ferruginea (control) 108.31 +0.09 268.30 £0.003 182.40 £0.005 299.008 +0.02
Cleopatra ferruginea (field snails) 202.35 +0.05 404.49 +0.005 259.73 +0.005 387.02+0.02
Helisoma duryi (control) 259.34 +0.005 297.5937 +0.889 254.44 +0.02 190.43 +0.05
Helisoma duryi (field snails) 386.71 +0.01 369.75 £0.02 449.17 +0.05 305.41+0.01
Lanistes carinatus (control) 184.81 £0.004 91.035 +0.0096 144.24 +0.03 83.003 £0.005
Lanistes carinatus (field snails) 380.82 +0.05 115.67 £0.106 208.13 £0.02 129.01 +0.02
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Physia acuta (control) 413.73 £10.5 156.403 +0.467 92.21 +0.009 346.6 +0.16
Physia acuta (field snails) 480.42 £0.01 410.36 +0.01 343.12 £0.01 500.3 +0.16
Theodoxus niloticus (control) 154.52 +0.01 97.765 +0.1036 87.006 +0.002 243.2 £0.16
Theodoxus niloticus (field snails I) 492.30 +0.14 144.641 +0.265 212.3 +0.09 335.6 £0.16
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Fig. 2. Bioaccumulation of heavy metals in dried tissues of freshwater snail species: (A)
Iron (Fe), (B) Manganese (Mn), (C) Lead (Pb), and (D) Cadmium (Cd)

The results in Table (3) and Figs. (3A, B, C and D) show high significant variations in
BAF among freshwater snail species. The BAF in response to Fe (Fig. 3A) was as
follows: 39.27 + 0.01 for Theodoxus niloticus and 12.32 £+ 0.01 for the control, Physa
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acuta at 38.33 + 0.01, compared with the control at 33.04 £0.03; Helisoma duryi at 30.66
+ 0.1, compared with the control at 20.64 + 0.04; and Lanistes carinatus with a BAF of
30.33 = 0.04, compared with the control at 14.73 + 0.01. Cleopatra ferruginea also
presented notable results, with a BAF of 16.15 = 0.02, whereas that of the control was
8.65 + 0.01 (P< 0.001).

The bioaccumulation factors (BAFs) for manganese (Mn) (Fig. 3B) in the five tested
freshwater snails were recorded. The Physa acuta group presented the highest BAF at
29.88 + 0.01, whereas the BAF of the control group was 11.37 = 0.01. This was followed
by Cleopatra ferruginea, whose BAF was 29.47 + 0.01, whereas it was 19.54 + 0.01 in
the control group. Helisoma duryi had a BAF of 26.92 + 0.01, whereas the BAF of
Lanistes carinatus was 21.63 = 0.04 in the control group. It had a BAF of 8.42 + 0.005,
whereas it was 6.62 + 0.005 in the control group (P< 0.001).

The factors associated with the bioaccumulation of lead (Pb, Fig. 3C) in the freshwater
snails were also recorded. Helisoma duryi presented the highest bioaccumulation factor at
38.85 + 0.03, whereas it was 20.94 £ 0.03 in the control group, followed by Physa acuta
at 29.31 £ 0.01, compared with 7.87 + 0.005 in the control group, and Cleopatra
ferruginea at 22.17 £ 0.01, compared with 15.57 £ 0.009 in the control group. In contrast,
Lanistes carinatus and Theodoxus niloticus presented BAFs of 17.76 + 0.01 and 18.15 +
0.02, respectively, whereas the corresponding control groups presented BAFs of 12.33 +
0.02 and 7.44 £ 0.01.

The bioaccumulation factors for cadmium (Cd, Fig. 3D), which represent the ratio of
the cadmium concentration in freshwater snails or biota to the concentration in water, are
presented in Table (3). Physa acuta reported the highest BAF (38.76 + 0.2), followed by
Cleopatra ferruginea (30.06 + 0.005), Theodoxus niloticus (26.05 + 0.03), Helisoma
duryi (23.72 + 0.01), and Lanistes carinatus (10.03 + 0.009), compared with those of the
control groups for each tested species, where the water was changed weekly (P< 0.001).

Table 3. Bioaccumulation factor of heavy metals (Iron (Fe), manganese (Mn), lead (Pb),
and cadmium (Cd)) in dried tissues of freshwater snails from Al-Shaeir Island, Qalubia,
Egypt, during the 2022 and 2023 seasons

Species of fresh (BAF) Fe (BAF) Mn (BAF) Pb (BAF) Cd
water shails
Cleopatra erruginea 8.65£0.01 19.54 +0.01 | 15.57 £0.009 23.23 £0.01
(control)
Cleopatra
ferruginea 16.15 +0.02 29.47 £0.01 | 22.17 £0.01 30.06 +0.005
(field snails)
Helisoma duryi 20.64 £0.04 21.63 £0.04 | 20.94 +0.03 14.82 +0.01
(control)
Helisoma duryi 30.66 £0.1 29.47 £0.01 | 38.85 +0.03 23.72 £0.01
(field snailsl)
Lanistes carinatus 14.73 £0.01 6.62 £0.005 | 12.33 +£0.02 6.44 +£0.005
(control)
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Lanistes carinatus 30.33 £0.04 8.42 £0.005 | 17.76 £0.01 10.03 £0.009
(field snails)
Physia acuta 33.04 £0.03 11.37 £0.01 | 7.87 £0.005 26.92 £0.02
(control)
Physia acuta 38.33£0.01 29.88 £0.01 | 29.31 £0.01 38.76 £0.2
(field snails)
Theodoxus niloticus 12.32 £0.01 7.12 £0.01 7.44 £0.01 18.92 £0.01
(control )
Theodoxus niloticus 39.27 £0.01 10.53 £0.01 | 18.15£0.02 26.05 £0.03
(field snails)
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Fig. 3. Bioaccumulation factor (BAF) in freshwater snail species for (A) Iron (Fe), (B)
Manganese (Mn), (C) Lead (Pb), and (D) Cadmium (Cd)

Impact of heavy metals on nitrogen oxide (NO) levels in the homogenized tissues of
fresh water snails

The data presented in Table (4) and Fig. (4A) indicate a significant difference in
nitric oxide (NO) levels in freshwater snails subjected to bioaccumulation of heavy
metals (Fe, Mn, Pb, and Cd) in the homogenized tissues compared with those in the
control group for each species (P> 0.001). In Theodoxus niloticus, a highly significant
increase was observed between samples collected from the test site and those from the
control group, with levels recorded at 12.2 £ 0.16nmol/ L compared with 8.2 + 0.16nmol/
L in the control group. Lanistes carinatus and Physa acuta presented levels of 7.8 +
0.05nmol/ L compared with 3.53 = 0.05nmol/ L and 7.46 + 0.10nmol/ L compared with
3.56 £ 0.05nmol/ L in the control. Helisoma duryi presented NO levels of 6.8 *
0.05nmol/ L compared with 6.16 £ 0.10nmol/ L in the control Helisoma duryi group.
Additionally, the concentration of Cleopatra ferruginea collected from the test site was
3.73 = 0.05nmol/ L, whereas the concentration of Cleopatra ferruginea collected from
the control site was 2.7 £ 0.26nmol/ L.
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Table 4. Impact of heavy metals bioaccumulation on nitrogen oxide (NO) (Nmol/l) in
homogenized tissues of freshwater snail species from Al-Shaeir Island, Qalubia, Egypt,

during the 2022 and 2023 seasons

Freshwater snail species (NO) nmol/l
Cleopatra ferruginea (control) 2.7+0.26
Cleopatra ferruginea (field snails) 3.73 £0.05
Helisoma duryi (control) 6.8+0.05
Hilesoma duryi (field snails) 7.8+0.05
Lanistes carinatus (control) 3.53+0.05
Lanistes carinatus (field snails) 6.16+0.10
Physia acutan (control) 3.56+0.05
Physia acuta (field snails) 7.46+0.10
Theodoxus niloticus (control) 8.2+0.16
Theodoxus niloticus (field snails) 12.2+0.16
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Fig. 4. Nitrogen oxide (NO) levels in bioaccumulated tissues with tested heavy metals in

freshwater snail species

Impact of heavy metal bioaccumulation on ALT and AST enzyme activities in

freshwater snails from Al-Shaeir Island, Qalubia,
seasons

Egypt, during the 2022 and 2023

Table (5) and Fig. (5A) clearly demonstrate that snails with elevated bioaccumulation

factors (BAFs) presented significantly greater ALT

and AST enzymes activities (P<

0.001) than did the control snails because of the increased heavy metal content in their



Impact of Heavy Metals on Some Species of Freshwater Snails on Al-Shaeir Island, Qalubia 759

homogenized tissues. Specifically, in the homogenized tissues of the Theodoxus niloticus
snail species, the recorded values for these enzymes were 148.33 + 0.5 and 136.6667 +
0.533U/ g tissue for the ALT and AST enzymes, respectively, whereas the values were
102 + 1.6 and 98.66 + 0.5U/ g tissue in the control group. In the case of Lanistes
carinatus, the enzyme activities of the ALT and AST enzymes were 93.33 + 5.3 and
87.33 £ 0.5U/ g tissue, respectively, whereas those of the control group were 41.33 + 0.5
and 37.66 £ 0.5, respectively. For Physa acuta, the ALT and AST enzyme activities were
88.3333 £ 0.533 and 76.33 + 0.5U/ g tissue, respectively, whereas in the control group,
the enzyme activities were 35.33 £ 0.533 and 30.33 £ 0.5U/ g tissue, respectively.
Helisoma duryi exhibited ALT and AST enzyme activities of 73.33 + 0.5U/ g and 70.66
+ 1.06U/ g, respectively, compared with 64.33 + 0.5 and 62.33 £ 0.5, respectively, in the
control group. For Cleopatra ferruginea, the data in Table (5) indicate that the ALT and
AST enzyme activities were 25.66 + 0.5 and 28.66 + 0.5U/ g tissue, respectively, whereas
they were 24.33 + 0.5 and 22.61 + 0.5U/ g tissue, respectively, in the control group.

Table 5. Impact of heavy metal bioaccumulation on enzyme activities (ALT and AST)
(U/g tissue) in homogenized tissues of freshwater snail species from Al-Shaeir Island,
Qalubia, Egypt, during the 2022 and 2023 seasons

Freshwater snail tissues | ALT (U/g tissues) | AST (U/g tissues)
Cleopatra ferruginea 24.33 £0.5 22.61 £0.5
(control)

Cleopatra ferruginea 25.66 £0.5 28.6667 £0.5
(field snails)

Helisoma duryi 64.33 £0.5 62.33 £0.5
(control)

Hilesoma duryi 73.33 0.5 70.66 +£1.05
(field snails)

Lanistes carinatus 41.33 £0.5 37.66 0.5
(control)

Lanistes carinatus 93.3315.3 87.33£0.5
(field snails)

Physia acuta 35.33+0.5 30.33+0.5
(control)

Physia acuta 88.3333 0.5 76.3333 £0.533
(field snails)

Theodoxus niloticus 102 £1.6 98.66 £0.5
(control)

Theodoxus niloticus 148.33 £0.5 136.66 +0.5
(field snails)
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Fig. 5. Enzyme activity levels of ALT and AST levels in bioaccumulated tissues with
tested heavy metals in freshwater snail species

Histological examination of digestive gland in freshwater snails: Cleopatra sp.,
Helisoma sp., Lanistes sp., Physa sp., and Theodoxus sp.
Histological examination of the digestive gland from each of the freshwater snails

Cleopatra ferruginea, Helisoma duryi, Lanistes carinatus, Physa acuta, and Theodoxus
niloticus was performed on both the collected field snail species and the control group.
Under controlled conditions, the histology of the digestive gland revealed columnar
epithelial cells and secretory cells arranged on basement membranes along each tubule.
The lumens within the digestive tubules appeared constricted, with a sparse layer of
connective tissue filling the interlobular spaces (illustrated in Figs. 6, 7, and 8). A
noticeable excessive accumulation of lipofuscin within the cells was observed compared
to the control group. This surplus lipofuscin has the potential to disrupt cellular functions,
impede metabolic processes, and act as an indicator of oxidative stress and cellular
damage in each snail species (B, D, F, and H in the respective species of Cleopatra
ferruginea, Helisoma duryi, Lanistes carinatus, Physa acuta, and Theodoxus niloticus).
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Fig. 6. (A) Light micrograph digestive tissue in Cleopatra ferruginea, (control) showing
normal digestive cells (dc), secretory cells (sc), and the lumen (I). (H&E x100, x200,
x400). (B) Light micrograph of digestive tissue of Cleopatra ferruginea (collected snail),
showing digestive cells (dc) with a marked accumulation of lipofuscin (Ip). (H&E x100,
x200, x400). (C) Control image of Helisoma duryi, showing digestive cells (dc),
secretory cells (sc), and the lumen (l) (H&E x100, x200, x400). (D) Light micrograph of
digestive tissue in Helisoma duryi (collected snail), showing digestive cells (dc) with a
marked accumulation of lipofuscin (Ip) and microvilli (mv)
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Fig. 7. (E) Light micrograph of digestive tissue in Lanistes carinatus (control), showing
normal digestive cells (dc), secretory cells (sc), and the lumen (I). (F) Light micrograph
of digestive tissue in Lanistes nyassanus (collected snail) showing digestive cells (dc)
with marked dark lipofuscin (Ip) and microvilli (mv) of digestive tissue. (H&E x100,
x200, x400). (G) Physia acuta (control) showing normal digestive cells (dc), secretory
cells (red arrow), the lumen (I) and connective tissue (ct) (H&E x100, x200, x400). (H)
Light micrograph of digestive tissue in Physia acuta (collected snail) showing digestive
cells (dc) with marked accumulation of lipofuscin (Ip)
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Fig. 8. () Light micrograph of digestive tissue in Theodoxus niloticus (control) showing
normal digestive cells (dc) and the lumen (H&E x100, x200, x400). (J) Light micrograph
of digestive tissue in Theodoxus niloticus (collected snail) showing digestive cells (dc)
with a marked accumulation of lipofuscin (Ip)

Effects of Heavy Metal Bioaccumulation on Comet Assay Parameters in Freshwater
Snail Species: Cleopatra sp., Helisoma sp., Lanistes sp., Physa sp., and Theodoxus sp.

The comet assay results for various freshwater snail species underscore the
genotoxic effects of heavy metal bioaccumulation, as recorded in Table (6) and Figs. (9,
10, and 11). In Cleopatra ferruginea, there was a significant increase in DNA damage,
increasing from 11.76% * 0.2% in the control group to 16.76% + 0.2% in the
bioaccumulation group (P< 0.001). Furthermore, the bioaccumulated snails presented a
slightly longer tail length (10.18um = 1.1) than the control snails (9.76um + 0.9).
Conversely, the percentage of DNA in the tail was notably lower in the bioaccumulation
group, at 8.32% + 1.1%, than in the control group, at 9.67% * 2.1%. The tail moment
parameter showed a minimal but statistically significant difference, measuring 0.81 in the
bioaccumulation group compared with 0.84 in the control group.

In Helisoma duryi, the impact of bioaccumulation included significant increase in
DNA damage from 10.76% = 0.2 in the control group to 17.93% % 0.3 in the
bioaccumulated group, along with a notable significant increase in tail length (9.65um
0.1 in the control group compared with 11.4um=1.4 in the bioaccumulated group).
Furthermore, the percentage of DNA in the tail significantly decreased from 8.89%
12.4% in the control group to 4.90% £0.5% in the bioaccumulated group, whereas the tail
moment decreased from 0.91+0.1% in the control group to 0.58 +0.1% in the
bioaccumulated group, all of which demonstrated highly significant genotoxic effects due
to heavy metal bioaccumulation (P< 0.001).

In the case of Lanistes carinatus, bioaccumulation significantly increased DNA
damage, with levels increasing from 14.33% + 0.2% in the control group to 25.56% +
0.4% in the bioaccumulated group. Although a slightly shorter tail length was observed in
the bioaccumulated snails (7.62um *1.4 compared with 8.06um £0.8 in the control
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group), there was a greater percentage of DNA in the tail (12.18% compared with 11.29%
in the control group) and a notable increase in the tail moment (1.04% compared with
0.82% in the control group), all indicating the pronounced genotoxic impacts experienced
under heavy metal bioaccumulation conditions (P< 0.001).

In Physa acuta, the impact of bioaccumulation significantly increased, resulting in a
substantial increase in DNA damage from 11.36% = 0.3% in the control group to 24.5%
+ 0.4% in the bioaccumulated group. Additionally, there was a marginal increase in tail
length (9.51um +1.2 compared with 9.55um +0.5), a notable increase in the percentage of
DNA in the tail (6.16% compared with 11.92%), and a greater tail moment (0.55%
compared with 0.5%). 0.83). These findings highlight the pronounced genotoxic effects
of heavy metal bioaccumulation on Physa acuta.

With respect to Theodoxus niloticus, bioaccumulation significantly increased DNA
damage, with levels increasing from 12.23% + 0.2% in the control group to 20.13% *
0.9% in the bioaccumulated group. Furthermore, there was an increase in tail length
(6.8um in contrast to 7.6um), a decrease in DNA percentage in the tail (15.79% in the
control group compared with 14.00% in the bioaccumulated group), whereas the tail
moment remained similar (1.18% in the control group and 1.12% in the bioaccumulation
group). These results indicated species-specific reactions to metal exposure, emphasizing
the comet assay's sensitivity in assessing the effects of environmental stress on aquatic
life.

Table 6. Impact of heavy metal bioaccumulation on comet assay parameters in
freshwater snail species from Al-Shaeir Island, Qalubia, Egypt, during the 2022 and 2023
seasons

Freshwater snail Percentage of Tail length DNA % in tail Tail moment
damage (um)
Cleopatra ferruginea 11.76 0.2 9.76+0.9 9.67 +2.1 0.84 +0.09
(control)
Cleopatra ferruginea 16.76 +0.2 10.18 +1.1 8.32+1.1 0.81 +0.09
(field snails)
Helisoma duryi 10.76+0.2 9.65 0.1 8.89 +2.4 0.91 +0.1
(control)
Hilesoma duryi 17.93 +0.3 114 +1.4 4.90 £0.5 0.58 +0.1
(field snails)
Lanistes carinatus 14.33 0.2 8.06 +0.8 11.29 2.3 0.82 +0.06
(control)
Lanistes carinatus (field 25.56 +0.4 7.62 +1.4 12.18 +0.6 1.04 0.1
snails)
Physia acuta 11.36 £0.3 9.51+1.2 6.16 £0.2 0.55 £0.03
(control)
Physia acuta 245+0.4 9.55+0.5 11.92 +1.3 0.83+0.1
(field snails)
Theodoxus niloticus 12.23 +0.2 6.8 +0.06 15.79 0.7 1.18+0.1
(control)
Theodoxus niloticus 20.13+0.9 76+1.1 14.00 2.4 1.12+0.1
(field snails)
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Fig. 9. (A, B, C, and D) The impact of heavy metal bioaccumulation on comet assay
parameters in freshwater snail species. Panel (A) shows Cleopatra ferruginea under
control conditions, while (B) shows Cleopatra ferruginea of field snails. Panel (C)
depicts Helisoma duryi under control conditions, and (D) shows Helisoma duryi of field

snails



766 Dokmak et al., 2025

Fig. 10. (E, F, G, and H) demonstrates the impact of heavy metal bioaccumulation on
comet assay parameters in freshwater snail species. Panel (E) shows Lanistes nyassanus
under control conditions, while (F) shows Lanistes nyassanus of field snails. Panel (G)
depicts Physia acuta under control conditions, and (H) shows Helisoma duryi of field
snails
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Fig. 11. (I and J) demonstrate the impact of heavy metal bioaccumulation on comet assay
parameters in freshwater snail species. Panel (1) shows Theodoxus niloticus under control
conditions, while (J) shows Theodoxus niloticus of field snails

DISCUSSION

The elevated heavy metal concentrations observed at the surveyed site are linked to
the accumulation of these metals in the selected snail species. This suggests that
anthropogenic activities, such as pollution, are likely contributing to the poor water
quality, as indicated by low dissolved oxygen (DO) levels (Huange et al., 2017). High
total dissolved solids (TDS) further support the idea of human impact, pointing to
environmental stress in the aquatic ecosystem. Both geological and human influences are
reflected in the river water and sediment characteristics, providing valuable insights into
the health of the ecosystem (Yuan et al., 2014). Key environmental factors, such as pH,
salinity, DO, suspended solids, and sediment size, play a significant role in metal
behavior in the water (Atkinson et al., 2007; Butler, 2009). Although the effect of
temperature on metal transport remains debated, some studies suggest it has an
inconsistent impact (Aston et al., 2010; Zhang et al., 2013). Overall, the accumulation of
heavy metals in the environment is harmful to aquatic organisms, including oxygen
levels, plankton, fish, and benthic organisms, all of which are essential for maintaining
the health and balance of the ecosystem (Sharma et al., 2024). Therefore, the site
appears to be under significant anthropogenic stress, which is negatively affecting its
ecological integrity.

The release of heavy metals from sediments, caused by both natural processes and
human activities, impacts environmental quality and poses risks to ecosystems and
human health (Huang et al., 2017). While naturally occurring, human activities have
significantly increased their concentrations, classifying them as contaminants (Zhang et
al., 2017; El-Kady et al., 2018). Trace heavy metals are particularly concerning due to
their persistent toxicity and associated risks to ecosystems (Payan et al., 2012).
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Dissolved metals are more bioavailable and pose greater risks than particulate forms
(Atkinson et al., 2007), impacting surrounding water and accumulating in living
organisms (Zhang et al., 2009; Pokorny et al., 2015).

The current study documented the diverse abilities of freshwater snail species,
which are commonly found on Barley Island, Egypt, to accumulate metals such as Fe,
Mn, Pb, and Cd within their tissues. Molluscs are known to absorb essential metals, as
noted by EI-Moselhy and Yassien (2005). These findings highlight the bioavailability of
these metals in the environment and the significant assimilation capacities of molluscs for
Fe, Mn, Pb, and Cd, reflecting their role in metal uptake.

Duquesne et al. (2000) demonstrated that mollusk species preferentially
accumulate specific components. Furthermore, Krupnova et al. (2017) reported elevated
concentrations of Fe in the shells of Contectiana listeri, Lymnaea stagnalis, and Bithynia
tentaculata, contributing to their dark coloration. Variations in Mn levels in dehydrated
tissues may be associated with differences in shell thickness. Ramadan and Shata
(1993) reported iron concentrations ranging from 100--309 parts per million in the shells
of Anadara diluvi in the Mediterranean Sea. King et al. (2004) attributed the
bioaccumulation of heavy metals in filter- and deposit-feeding benthos to their feeding
behaviors, their exposure to metals in pore water and suspended particulate matter, and
the ingestion of sediments.

The bioaccumulation of metals in aquatic gastropods varies due to factors such as
species, metal type, and location, as noted by Yap and Cheng (2013). Individual
characteristics such as age, nutrition, and growth rate also influence metal accumulation
(Mance, 1990; Tan Chi Yen & Su'Ut, 1998). Abdel Kader et al. (2016) reported
positive correlations between heavy metal concentrations (Cd, Cu, Fe, Pb, Zn) and snail
species in water canals, indicating that higher metal concentrations are associated with
more species. Snail feeding behavior, such as the detritus-feeding habit of Melanoides
tuberculata, plays a key role in metal uptake. Species differences, such as greater Fe and
Mn contents in Melanopsis praemorsa and greater Cd and Co contents in Theodoxus
jordani, are linked to physiological factors (Swaileh et al., 1994). Significant variations
in bioaccumulation factor (BCF) levels, which are influenced by metal type and snail
species, have been reported (Abdel Kader et al., 2016; Ibrahim et al., 2022). The ability
of molluscs to accumulate metals highlights their potential as effective biomonitors of
environmental contamination (Salanki et al., 2003; Giarratan et al., 2010).

Controlled snail species show reduced heavy metal bioaccumulation and lower
bioaccumulation factors (BAFs), likely due to defense mechanisms against reactive
oxygen species (ROS). Nonenzymatic antioxidants, such as metallothioneins, glutathione,
and vitamin E, help combat oxidative stress (Halliwell & Gutteridge, 2007). Antioxidant
enzymes such as glutathione peroxidase (GPx), catalase (CAT), and superoxide
dismutase (SOD) play key roles in neutralizing harmful radicals across various cellular
compartments (Wiegand et al., 2001; Wong et al., 2002; Tilton et al., 2008).



Impact of Heavy Metals on Some Species of Freshwater Snails on Al-Shaeir Island, Qalubia 769

Elevated nitric oxide (NO) levels in snails with heavy metal bioaccumulation
indicate a protective response to oxidative damage. The accumulation of essential metals
such as zinc, copper, and nickel in tissues without proper metabolism poses risks to
aquatic life, threatening biodiversity in aquatic ecosystems (Adams & Rowland, 2003;
Luoma & Rainbow, 2008; El-Taher et al., 2018). Research has demonstrated that
exposure to derivatives of pyridyl phenylurea can increase nitric oxide levels in snails, as
observed by Wang et al. (2018) in B. straminea snails. Similarly, freshwater clams
(Corbicula fluminea) exposed to copper presented increased activities of SOD, GST, and
glutathione reductase (Netpae et al., 2012). Heavy metals such as copper are known to
stimulate ROS production in aquatic organisms, representing a significant stressor due to
their poor degradability and bioaccumulation tendencies in aquatic food webs (Company
et al., 2004; Nunes, 2011; Bianco et al., 2013). Furthermore, antioxidant enzymes such
as SOD, CAT, and GST are activated in Physa acuta when exposed to the insecticide
amectin, with enzyme activity returning to normal levels during the recovery phase (Ma
etal., 2014).

The bioaccumulation of heavy metals in the digestive gland histological segment
can induce cellular damage and oxidative stress, triggering an inflammatory response and
potentially increasing the levels of liver enzymes such as AST and ALT, which are
indicative of hepatocellular damage (Todd, 1964; Health, 2018). Reports of
histopathological findings align with marked hepatocyte degeneration and necrosis,
which is supported by prior studies (Kristaffersson & Okari, 1974). Bici et al. (2023)
noted significant bioaccumulation of Pb, Zn, and Ni in snail shells (Helix pomatia L.),
leading to elevated oxidative stress markers in the hepatopancreas. In contrast, the control
snail group presented decreased liver enzyme levels alongside slightly increased metal
accumulation. The liver, which is crucial for detoxification, displays pro- and anti-
inflammatory responses essential for toxin detoxification processes (Zhang et al., 2017).

The pathological accumulation of lipofuscin in the digestive glands of
bioaccumulated snail species is associated with heavy metal deposition, leading to
cellular aging and dysfunction (Porta, 2002; Singh Kushwaha et al., 2019). In L.
carinatus, fertilizer-induced lipid peroxidation and lipofuscin pigment accumulation
accelerate digestive gland aging (Sheir, 2015). HodI et al. (2010) reported that cadmium-
induced oxidative stress can cause irreversible macromolecular breakdown, resulting in
lipofuscin buildup in snail tissues. When a critical cadmium threshold is reached,
saturated metallothionein proteins induce cellular toxicity. Controlled conditions reduce
lipofuscin accumulation in snail digestive glands, which is crucial for maintaining
function and delaying age-related pathologies (Jolly et al., 2002; Terman & Brunk,
2004).

Animals residing in proximity to industrial zones have shown histological
alterations in vital organs, notably the liver, as documented by Kar et al. (2015).
Mohamadein and Desouky (2002) stated that the marine clam Venerupisa urea
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exhibited morphological and histological abnormalities in its siphons and gills following
exposure to heavy metals. The digestive system has been a focal point in various research
endeavors, such as investigations on Lymnaea stagnalis, a freshwater snail, conducted by
Lance et al. (2010), and studies on Helicella vestalis, a land snail, carried out by Sharaf
et al. (2015).

The comet assay, which measures DNA damage through indicators such as tail
length, %DNA in the tail, and the tail moment, presents unique challenges in study design
and data interpretation (Hagger et al., 2006; Chapman et al., 2013; Yoshiyama, 2019).
In the present study, in freshwater snails, including species such as Cleopatra ferruginea
and Helisoma duryi, a decrease in DNA damage was observed across the control groups.
The decrease in DNA damage observed may be due to defense mechanisms that prevent
mutation spread, such as cell cycle arrest and programmed cell death. Repair pathways
such as base excision repair (BER) and nucleotide excision repair (NER) also help rectify
DNA damage (Martins & Costa, 2015). However, exposure to toxins can impair these
repair systems (Mukherjee et al., 2008; Costa et al., 2010).

Environmental pollutants such as Cd and Cu can interfere with DNA repair
enzymes, such as formamidopyrimidine DNA glycosylase (FPG), by competing with zinc
in Zn-finger domain enzymes. Factors such as dehydration, high temperatures, UV
radiation, infections, and toxins can cause DNA damage, including strand breaks and
base alterations. DNA damage can disrupt transcription and replication, leading to
chromosomal abnormalities, mutations, or cell death (Yoshiyama et al., 2019).

However, in a month-long study by Baussant et al. (2009), marine clams and
mussels were exposed to dispersed crude oil at different concentrations. This study
revealed no clear correlation between the comet assay results and biomarkers related to
oxidative stress or PAH metabolism, such as glutathione S-transferase (GST) activity,
catalase activity, and total oxidative scavenging capacity (TOSC). Frenzilli et al. (2001)
reported a positive correlation between DNA strand breakage, total oxidative scavenging
capacity (TOSC), and hydroxyl radicals in mussels from a contaminated lagoon. Unlike
studies focused on contamination and bioaccumulation, this research emphasizes the
complex relationships among DNA damage, oxidative stress markers, and pollutant
exposure, underscoring the need for further investigations into these interactions.

CONCLUSION

In conclusion, these findings underscore the detrimental impact of heavy metal
bioaccumulation on freshwater snails in the studied area, which manifests as elevated
stress markers, histopathological anomalies, and genetic damage. These results
emphasize the urgent need for environmental remediation efforts to mitigate the adverse
effects of anthropogenic activities on aquatic ecosystems and their inhabitants.
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