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Trace elements such as titanium, zirconium, thorium, and uranium, are found in
black sand (BS) after weathering and corrosion. Precious metals are not the
only valuable elements in black sand, rare earth elements are also found. The
aquatic life in lakes and reservoirs is negatively affected by lithophilic elements
such as lithium, uranium, and tin. Accordingly, intensive experiments were
conducted on Nile tilapia (Oreochromis niloticus) after exposure to isolated
black sand. Blood biomarkers, antioxidant balance, morpho-nuclear
erythrocyte’s alterations, and histopathological signs have been investigated
after fish exposure for 15 days to a 6.4 g BS/kg diet, 9.6 g BS/kg diet, and 2.4 g
BS/kg diet. The blood profile, including platelets and white blood cells, was
pronouncedly decreased as a result. Functions of the liver and kidneys were
impaired. An increase in serum-antioxidant enzymes such as catalase activities
and superoxide dismutase was recorded. Also, exposure to black sand induced
cellular and nuclear abnormalities in the erythrocytes. In conclusion, the black
sand isolated from the Red sea beach influenced Oreochromis niloticus’s
hematology, biochemistry, and antioxidant parameters. Poikilocytosis and
RBC nuclear abnormalities were also associated with exposure to black
sand. The resulting erosion of rocks and rocks’ access to water forces us to
consider the seriousness of climatic change on the aquatic ecosystem.
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1 Introduction

Black sands (BS) in Egypt are the resulting deposits of igneous and metamorphic
material eroded and transported through the Nile River from southern regions (Aziz et al.,
2020). Such deposits were initially placed along the Nile Delta with subsequent
transportation to the east due to the Mediterranean Sea currents (Abdel-Karim and
Barakat, 2017). While dissolution of some minerals prevents keeping them in solution,
natural sorting of heavy minerals may occur through a mechanical action, separating lower
from higher density minerals. The latter are less prone to transportation by currents and tend
therefore to beach up, forming lag deposits (El-Arel et al., 2020).

Accumulations of black sand have been found in some places in Egypt, an important
location of black sands along the Mediterranean and Red Sea beaches. Black sand is
distributed in two forms: beach sediments and coastal dunes (Ibrahim et al., 2009).
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Despite the high potential of the Red Sea coast for BS placer
deposits, these are poorly explored (Ibrahim et al., 2018), and
therefore a comprehensive understanding of BS physicochemical
characteristics from the Red Sea remains very limited. Black sands
are usually enriched in many minerals, namely, ilmenite, magnetite,
zircon, monazite, garnet, and rutile. They also contain considerable
amounts of metals such as Fe, Ti, Mg, Al, and trace quantities of gold
and rare earth elements as well. In addition, BS from northern Egypt
has higher levels of radioactive elements than the world average
level, such as U and Th, but within a tolerable range (Hamdan and
Hassan, 2020).

Most of the studies examined BS and its composition in terms
of economic value, mainly in the Nile Delta and the
Mediterranean region. Limited attention has been given to
the BS assessment of potential BS ecological impacts,
particularly its effects in biota, namely, in fish for human
consumption.

A major source of food worldwide, the Nile tilapia is one of
the most important freshwater fish in Africa (Hamed et al.,
2020). Because the Nile tilapia can be easily handled and
followed up in controlled conditions, as well as being less
expensive than other species, it makes an ideal model for
contamination assessment and toxicology analysis (Hamed
et al., 2019a).

The physiological responses and stress caused by BS to fish
were never reported. Accordingly, this study tested the
hypothesis of large concentrations of BS causing changes in
fish biological responses. It aimed therefore at 1) isolating and
characterizing the physicochemical properties of BS from the Red
Sea; 2) assessing and understanding the fish responses under
controlled exposure to different BS concentrations; and 3)
evaluating the potential negative impact of BS towards the
biota, namely, to fish. To achieve these aims, fish were
exposed to different doses of BS by ingestion and data were
collected after analysis of hematological, biochemical,
antioxidant, and histopathological lesions.

2 Materials and methods

2.1 Study area and sampling of the black
sand

The black sand samples were collected along the Red Sea beach,
Hurghada, Egypt (Figure 1). Three sites were chosen based on the
presence and distribution of black sand in these sites; the samples
were collected in August 2021.

About 5 kg of composite sand samples from every site were
collected from the beach in plastic bags and black sand samples were
isolated using magnets (Figure 2).

The concentration of the black sand was 6.4 g/kg from Site 1,
9.6 g/kg from Site 2, and 12.4 g/kg from Site 3. Isolation, separation,
and purification were done according to Ralph (2010).

2.2 Black sand characterization

2.2.1 Chemical composition
The chemical composition of the black sand sample was

conducted using X-ray fluorescence (XRF) at the Assiut Cement
Company (CEMEX).

2.2.2 FTIR and XRD patterns
The samples of black sand were examined by Fourier transform

infrared (FTIR) spectrometer for identification of functional groups
using a Nicollet spectrophotometer (Model 6,700) and KBr
technology.

The black sand samples were measured by X-ray diffraction
using a Philips PW 2103 diffractometer (Netherlands).

2.3 Fish collection

Oreochromis niloticus weighing 100–150 g and 10–15 cm in
length were completely healthy and free of contaminants and
parasites according to the American Fisheries Society, Fish
Health Section (AFS-FHS, 2007). Four weeks’ acclimation period
was made for the fish in a 250-liter water tank under laboratory
conditions (conductivity 262.8 mM cm−1, pH 7.3, dissolved oxygen
6.7 mg L−1, temperature 20.6°C, photoperiod 12:12 h light: dark).
During the acclimation period, fish were fed (5% body weight) twice/
day on commercial food (30% protein) purchased from AlShurouq
company, Cairo.

2.4 Experimental design

A total of 120 Nile Tilapia (Oreochromis niloticus) were randomly
assigned to four groups. The samples were stored in glass containers
(100L water) in each group (30 samples in triplicate). The control
group (Group 1) was fed on a normal diet. Group 2 was fed on a diet
containing 6.4 g black sand/kg, group 3 was fed on a diet containing
9.6 g black sand/kg, and group 4 was fed on a diet containing 12.4 g
black sand/kg according to BS concentrations which were collected
and isolated from the study area (Figure 1).

FIGURE 1
Map of the Red Sea showing the studies’ selected areas in red.
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After the end of the experimental period (15 days), six
samples from each treatment were randomly selected and
placed on ice in order to reduce stress before dissection and
sampling (Hamed et al., 2019b). Samples were taken for further
analysis.

2.5 Hemato-biochemical parameters

Various hematological indicators (counts of red blood cells
[RBCs] and white blood cells [WBCs]; differential WBCs; blood
platelets; Erythrocyte indices (including mean corpuscular
hemoglobin [MCH], mean corpuscular volume [MCV], and
mean corpuscular hemoglobin concentration [MCHC]) were
assessed following the method of (Blaxhall and Daisley, 1973;
Bain et al., 2016) McKnight (1966).

Blood samples for biochemical parameters were obtained
from fish without the use of an anticoagulant agent in order to
acquire serum. Colorimetric determinations of the following
important biochemical indices, namely, alanine
aminotransferase (ALT), alkaline phosphatase (ALP),
aspartate aminotransferase (AST), creatinine, uric acid,
albumin, globulin, and glucose, were carried out according to
(Hamed et al., 2019a) by using a spectrophotometer in a
wavelength range of 340–546 nm (Biodiagonstic Company,
Egypt).

2.6 Serum-antioxidant parameters

Catalase (CAT) was determined using the method found in
Aebi. (1984). Superoxide dismutase (SOD) was measured according
to (Nishikimi et al., 1972). Total antioxidant capacity (TAC) was
measured according to the protocol given by (Koracevic et al., 2001).
Total peroxide (TPX) was assessed following the procedure of
(Harma et al., 2005).

2.7 Erythron profile abnormalities

Hematoxylin-Eosin-stained blood smears were selected, coded,
randomized, and scored blindly for morphological and nuclear
abnormalities of RBC’s according to the criteria of others
(Schmid, 1975; al-Sabti and Metcalfe, 1995).

2.8 Histopathological analysis

Tissue samples of the liver, intestine, and brain were fixed in
neutral buffered formalin before being processed using a standard
automated process (dehydrated through graded ethanol
concentration, cleared with methyl benzoate), embedded in
paraffin wax, and sectioned (5 microns). De-waxed slides were
rehydrated before being stained with hematoxylin and eosin (H
& E) (Feldman and Wolfe, 2014).

2.9 Statistical analysis

One-way analysis of variance (ANOVA) was used to evaluate
the pattern of variation for each variable, with a Tukey post-hoc test
used in the multiple comparisons using SPSS package (SPSS, 1998).
Data are presented as mean ± SD. Values in the same row with
different superscript letters are significantly different (p < 0.05).

3 Results

3.1 Black sand characterization

3.1.1 Chemical composition
The elements of the black sand composition is given in Table 1.

The oxides that presented higher concentrations were SiO2 (51.3 wt%),
Fe3O4 (34.9 wt%), TiO2 (7.01 wt%), Al2O3 (3.01 wt%), and CaO

FIGURE 2
Showing (A), composite sand samples and (B), Black sand Isolation from composite sand samples.
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(3.01 wt%). Lower fractions of MgO (0.27 wt%), SO3 (0.15 wt%),
Na2O (0.13 wt%), Cr2O3, (0.1 wt%), K2O (0.07 wt%), and P2O5

(0.05 wt%) were also observed.

3.1.2 X-ray diffraction analysis (XRD) patterns
Figure 3 shows the XRD pattern of the black sand. The BS

sample was composed principally by SiO2 and Fe3O4 phases. The
diffraction peaks observed at 2θ values of 20.4°, 26.1°, 27.4°, 29.9°,
31.3°, 39.3°, 42.9o, 45.1o, 48.1o, 59.6o, 63.7o, 68o, 73.1o, and 75.3°

agree with the COD database file (Entry number 96-900-5,023)
for quartz. The peak observed at 35.2° corresponded to
magnetite, in agreement with the COD database file (Entry
number 96-900-7,645). Diffraction peaks for other oxides
were not observed, which might be due to their low
percentages in the sample.

3.1.3 Fourier transform infrared spectroscopy
(FTIR) analysis

The FTIR spectrum of black sand is presented in Figure 4. The
black bands showed various bands in the range of 400–600 cm-1,
whichmay be due to themetal oxide contents in the sample. The two
bands that are located at 1,030 cm-1 and 777 cm-1 are attributed to
the asymmetric and symmetric stretching vibrations of Si-O,
respectively. The O-H stretching and bending modes of adsorbed
water molecules appeared at 3,434 cm-1 and 1,636 cm-1, respectively.
The band that is observed at 1,450 cm-1 is characteristic of Ca-O
stretching vibration.

3.2 Hematological parameters

Our results on the hematological parameters are presented in
Table 2 and demonstrate a significant decrease (p < 0.05) in the
levels of the hematological parameters such as RBC’s, Hb, Hct,
WBCs, and percent of monocytes after 15 days of exposure to a
12 g/kg diet of black sand, >9 g/kg diet, and >6 g/kg diet compared
with the control group. Significant increases (p < 0.05) of MCV,
MCH, MCHC, and percent of lymphocytes and neutrophils after
15 days of exposure to a 12.4 g/kg diet of black sand >, 9.6 g/kg
diet >, and 6.4 g/kg diet compared to the control group were
recorded.

3.3 Biochemical parameters

The impact of black sand on biochemical parameters of the Nile
Tilapia (Oreochromis niloticus) is shown in Table 3. Albumin,
globulin, total protein, glucose, AST, ALT, ALP, creatinine, and
A/G ratio showed a significant increase (p < 0.05) after 15 days of
exposure to a 12.4 g/kg diet of black sand, >9.6 g/kg diet,
and >6.4 g/kg diet when compared to the control.

3.4Measurement of antioxidants biomarkers

The activities of CAT, SOD, TPX, TAC, OSI, andMDA showed a
significant increase (p < 0.05) after 15 days of exposure to 6.4, 9.6,
and12.4 g black sand/Kg diet compared to the control group (Table 4).

3.5 Erythron profile

Cell alteration and nuclear abnormalities of RBCs in Nile Tilapia
after exposure to the black sand (6.4 g/kg, 9.6 g/kg, and 12.4 g/kg)
was associated with a significant increase (p < 0.05) in the percentage
of RBCs-alterations compared with the control group in a
concentration (Figure 5).

TABLE 1 Chemical composition of black sand obtained by XRF analysis.

SiO2 Fe3O4 TiO2 Al2O3 CaO MgO SO3 Na2O Cr2O3 K2O P2O5

(wt%) 51.3 34.9 7.01 3.01 3.01 0.27 0.15 0.13 0.1 0.07 0.05

FIGURE 3
XRD pattern of black sand.

FIGURE 4
FTIR spectrum of black sand.
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TABLE 2 Effects of black sand on blood profile Oreochromis niloticus after 15 days of exposure.

Treatment

Parameters

Control 6.4 g/kg 9.6 g/kg 12.4 g/kg

Red blood cells (RBC’s) (million/mm3) 1.92 ± 0.06a 1.63 ± 0.01b 1.48 ± 0.07c 1.34 ± 0.03c

hemoglobin (Hb) (g/dL) 8.55 ± 0.24a 7.98 ± 0.15b 7.60 ± 0.12c 7.40 ± 0.08bc

hematocrit ratio (Ht) (PCV) (%) 26.10 ± 0.84a 24.43 ± 0.90b 22.96 ± 0.88bc 21.91 ± 0.76c

mean corpuscular volume (MCV) (μm³) 135 ± 2.31a 149 ± 4.87ab 155 ± 10.85b 152 ± 2.94ab

mean corpuscular hemoglobin (MCH) (Pg) 44.70 ± 2.40a 48.93 ± 0.92b 51.36 ± 2.60bc 54.18 ± 1.34c

mean corpuscular hemoglobin concentration (MCHC) (%) 32.80 ± 1.90a 32.69 ± 1.41a 33.14 ± 1.51a 35.64 ± 1.47a

Platelets (Thousands/mm3) 314 ± 1.63a 310 ± 1.0ab 303 ± 3.86bc 298 ± 6.90c

white blood cells (WBC’s) (Thousands/mm3) 846 ± 7.37a 827 ± 5.19a 785 ± 55.44b 775 ± 24.24ab

Lymphocytes (%) 88.75 ± 0.50a 89.50 ± 0.58a 89.00 ± 0.8a 89.00 ± 0.82a

Monocytes (%) 2.50 ± 0.58a 2.35 ± 0.50a 2.25 ± 0.50a 2.10 ± 0.58a

Neutrophils (%) 6.75 ± 0.50a 6.90 ± 0.58a 7.650 ± 0.00b 7.75 ± 0.50b

Eosinophils (%) 2.00 ± 0.00a 1.25 ± 0.50ab 0.75 ± 0.50b 0.75 ± 0.50b

TABLE 3 Effects of black sand on the serum profile of Oreochromis niloticus after 15 days of exposure.

Treatment

Parameters

Control 6.4 g/kg 9.6 g/kg 12.4 g/kg

Aspartate aminotransferase (AST) u/L 54.53 ± 0.88a 56.30 ± 0.58b 62.58 ± 1.11c 65.55 ± 0.87d

alanine aminotransferase (ALT) u/L 28.70 ± 0.59a 30.50 ± 1.00b 31.03 ± 0.43b 32.43 ± 0.26b

alkaline phosphatase (ALP) u/L 24.75 ± 0.13a 27.73 ± 1.20b 28.30 ± 1.05b 29.25 ± 0.72b

glucose mg/dL 103 ± 3.14a 108 ± 3.57a 118 ± 5.16b 134 ± 2.26c

Total protein g/dL 4.45 ± 0.17a 5.00 ± 0.18b 6.18 ± 0.10c 6.48 ± 0.17d

creatinine mg/dL 0.57 ± 0.05a 0.61 ± 0.05a 0.63 ± 0.04b 0.66 ± 0.03c

Albumin g/dL 1.10 ± 0.09a 1.24 ± 0.01b 1.53 ± 0.01c 1.71 ± 0.04c

Globulin g/dL 2.12 ± 0.01a 2.21 ± 0.05b 2.33 ± 0.01c 2.54 ± 0.01c

A/G 0.52 ± 0.04a 0.56 ± 0.02a 0.66 ± 0.01b 0.75 ± 0.02b

TABLE 4 Effects of black sand on the antioxidant’s parameters of Oreochromis niloticus after 15 days of exposure.

Treatment

Parameters

Control 6.4 g/kg 9.6 g/kg 12.4 g/kg

Total antioxidant capacity (TAC) (μM/L) 1.03 ± 0.01a 1.09 ± 0.00a 1.16 ± 0.01b 1.27 ± 0.04c

Malondialdhyde (MDA) (nmol/mL) 4.04 ± 0.01a 4.22 ± 0.01b 4.24 ± 0.01b 4.52 ± 0.05c

Total peroxide (TPX) (μM/L) 1.52 ± 0.05a 1.73 ± 0.10a 1.78 ± 0.01a 1.96 ± 0.05b

Oxidative stress index (OSI) (%) 153 ± 5.62a 160 ± 9.40a 163 ± 1.73b 168 ± 3.08c

Superoxide dismutase (SOD) (IU/L) 10.84 ± 0.06a 12.12 ± 0.05b 12.33 ± 0.29b 12.66 ± 0.04c

Catalase (CAT) (IU/L) 9.90 ± 0.04a 11.34 ± 0.08b 11.34 ± 0.10b 11.90 ± 0.05c
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The blood smears of the normal fish showed normal
erythrocytes with a centrally located nucleus (Figure 6A). The
blood smears of the fish exposed to black sand (6.4 g/kg, 9.6 g/kg
and 12.4 g/kg) displayed poikilocytosis of the erythrocytes (Figures
6B–D) in the form of spinocyte, crenated cell, acanthocyte, sickle

cell, tear-drop cell, notched nuclei, schistocyte, eccentric nucleus,
and microcyte.

3.6 Histological examination

3.6.1 The liver tissues
Hepatocytes with central nuclei are regularly arranged in wedge

shapes in the liver of control Oreochromis niloticus (Figure 7B). Fish
exposed to 6.4 g/kg, 9.2 g/kg, and 12.4 g/kg of black sand for 15 days
showed damage in the liver architecture, the hepatocytes lost their
normal shape, and ruptures occurred in the central vein and dilation.
Accordingly, sinusoidal lumen collapsed. Also, infiltration of the
inflammatory cells and increased numbers of Küpffer cells were
observed. Vacuolation, hemorrhage, pyknotic nuclei, apoptotic cells,
and fatty degeneration were observed. In addition to the previous
changes, exposure to black sand led to many impacts on the liver
including ruptured cell membranes in some areas and an increase in
lipid droplets. Increased numbers of blood sinusoids and areas of
hepatic necrosis started to appear in some regions (Figures 7B–D).
The liver damage was dose-concentration dependent one.

3.6.2 The intestine tissues
The intestine ofOreochromis niloticus in the control group had a

normal morphology of layers; the mucosal had normal villi and
goblet cells nuclei; the sub-mucosa constituting the lamina propria
was composed of loose connective tissue with numerous collagen

FIGURE 5
RBCs alteration and nuclear abnormalities of Oreochromis
niloticus after 15 days of exposure to black sand.

FIGURE 6
Blood smears from Oreochromis niloticus showing (A) the normal erythrocytes and the deformed erythrocytes after exposure to 6.4 g/kg (B),
9.6 g/kg (C), and 12.4 g/kg (D). Tr, tear-drop cell; Sp, spinocyte; Cr, crenated cell; Ac, acanthocyte; Eco, eccentric nucleus; Mn, micronucleus; e; Nn,
Notched nucli; Mic, microcyte; Sh, schistocytic; and Sk, Sickle cell (H & E stain, scale bar: 100 µm).

Frontiers in Earth Science frontiersin.org06

Saad and Sayed 10.3389/feart.2023.1289665

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2023.1289665


fibers; and muscular tissue consisted of longitudinal muscular layers
and serosa (Figure 8A).

However, photomicrographs of the Oreochromis niloticus
intestine exposed to (6.4 g/kg, 9.2 g/kg and 12.4 g/kg) black sand
had degeneration of the basement membrane, the serosa, and
longitudinal muscular layers. Also, there was an increase in the
number and size of goblet cells, infiltration of inflammatory cells,
expansion of the villi structure, hemorrhage and necrosis that
appeared in many regions and fusions in the mucosal folds, and
degeneration of the columnar cells (Figures 8B–D).

3.6.3 The brain tissues
The normal structure of the brain tissues were considered as stratum

and periventricular in the inner region, the second layer stratum album
central, the third layer stratum griseum center tissues, fourth layer
stratum fibro-sum et grisium superficiale, the fifth layer stratum
optimum, and the last outer layer Stratum consists of many layers
internal one (1) contains acidophilic neuropile with large region of
spongiosis with blood capillaries and monnuclear inflammatroy cells
nuclei, then another unstained region (2), and external layer (3) consists
of connective tissues , epithelial cells and blood capillarie (Figure 9A, B).

Figure 9C-H showed the brain tissue in the treated groups, where
densely populated differentiated neurons had vesicular stained nuclei,
separated by space edema in the periventricular region, and fibers
separating their apical regions, which contained degenerated cells,
hemorrhage, and congested blood capillaries. The second layer was
highly necrosed and contained unstained space edema/spongiosis, large
deeply stained cells, and small deeply stained nuclei and small blood

capillaries. The third layer consisted of unstained space surrounded by
acidophilic neuropiles with blood capillaries and a large number of
mononucleoid nuclei, glia nuclei, and large neurons with vesicular
nuclei. The fourth layer contained heterogenous acidophilic neuropile
with many tiny irregular unstained space edema/spongiosis and small
blood capillaries. At the interface between the fourth and fifth strata, the
fifth layer contained meshwork acidophilic neuropiles containing
degenerated neurons and small blood vessels. The inner part of the
last layer contained homogenous acidophilic neuropile with tiny
unstained space edema surrounded blood capillaries. This was
separated by small areas of unstained neuropile. The outer layer had
degenerated connective tissues and edema and degenerated outer
squamous cells (epithelial cell) were noticed.

4 Discussion

Although black sand on beaches has high levels of natural
radioactivity, mainly due to its content of thorium and uranium
radio nuclides (Ibrahim et al., 2009), to our knowledge little is known
about their effects on the aquatic ecosystems. It has been reported that
internal exposure of animals to black by either inhalation or ingestion
could warrant a risk assessment (Ibrahim et al., 2009).

The spectrometric measurements were done on the black sand
samples. Mineralogical analysis has shown that almost the same
minerals occur in black sand samples with varying percentages. The
mineral components include SiO2, Fe3O4, TiO2, Al2O3, CaO, MgO,
SO3, Na2O, Cr2O3, K2O, and P2O5. These results are consistent with

FIGURE 7
Liver from Oreochromis niloticus showing, (A) control fish, (B) fish exposed to 6.4 g/kg, (C) fish exposed to 9.2 g/kg, and (D) fish exposed to
12.4 g/kg of black sand. Blood sinusoids (Bs), hepatocytes (H), Küpffer cell (KC), infiltrations of inflammatory cell (IFC), pyknotic (PK), apoptotic (AP) nuclei,
dilation of blood sinusoids (DBS), cytoplasmic vacuolation (CPV), hemorrhage (Hr), degeneration (D), rupture in the central vein (RCV), dilation in the
blood sinusoid (DBS). Fatty degeneration (FD), and cytoplasmic vacuolation (CPV). (H&E X 400).
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previous studies that analyzed the mineral components of BS
(Hammond, 1985; Dabbour, 1995)

X-ray spectrum of the black sand shows a high peak of O,
indicating Fe may be present in the form of iron oxides, e.g.,
magnetite (Fe3O4) and hematite (Fe2O3). There are large
quantities of C-bearing particles with a nm size in the sand,
which gives it its black color. The black sand sample had the
highest content of SiO2 (51.3 wt%), Fe3O4 (34.9 wt%), TiO2
(7.01 wt%), Al2O3 (3.01 wt%), and CaO (3.01 wt%). Combustion-
generated particles can be traced using carbon, which is
predominantly produced through combustion. Of the heavy
metals, only Ti was present in levels approaching 7.01 wt%.
Al2O3 and CaO were present at (3.01 wt%) and (3.01 wt%). Soot
particles derived from fossil fuel combustion are evident in black
sand due to the presence of S peaks, that are low intensity but
discernible, as well as C and O peaks. In other studies of ambient
particles using electron microscopy, similar results were observed
(Chen et al., 2004; 2005).

To monitor and evaluate the health status of fish under the
influence of various factors, hematological parameters must be
measured (Thummabanca et al., 2016). Blood allows the body to
mobilize defenses as soon as an injury or disease occurs (Adewumi
et al., 2018). Research in the field and in the laboratory has clearly
demonstrated that aquatic contaminants alter hematological
parameters in animals involved in the study, including fish
(Adewumi et al., 2018; Amaeze et al., 2020; Muthukumaravel
et al., 2021a; Muthukumaravel et al., 2021b; Morshedi et al.,

2022; Naguib et al., 2022). In the current study, a reduction in
RBCs, hematocrit, hemoglobin, and thrombocytes may be caused by
a disturbed hematopoiesis process as black sand concentrations rise.
A mechanism causing erythrocyte alteration is denaturation of
globin due to sulfhydryl oxidation (Harvey, 1997; Harvey et al.,
2003; Kaneko et al., 2008). On the other hand, a drop in
haemoglobin levels could result in different tissues not getting
enough oxygen, which would slow down their metabolism and
result in less energy production (Atamanalp and Yanik, 2003).

The decrease in RBC, Hb, Ht, andWBCwith an increase in MCV
and percent of lymphocytes observed in our results were consistent
with the results of previous studies on Nile Tilapia exposed to MPs
(Hamed et al., 2019a) and the common carp exposed to PE-MPs
(Hamed et al., 2022b). Similar results were also seen in fish exposed to
phosalone (Ali and RANI, 2009), as well as copper nanoparticles
(Soliman et al., 2021), UVA in catfish (Osman et al., 2019),
hydroxychloroquine in Catfish (Sayed et al., 2021), and 4-NP in
catfish (Mekkawy et al., 2011). The exposure of Nile Tilapia fish to
black sand resulted in anemia, which may attributed to RBC’s lysis or
hematopoietic tissue damage (Arabi et al., 2016). The reduction in
WBC’s may result from bioaccumulation of the pollutants in the
tissues, which inhibited the ability of the organism to produce more
new WBCs because of immunodepression. MCHC, RBC, and Hb
values were decreased, with increases in MCV andMCH in our study
(Bhattacharjee et al., 1993).

When monitoring and evaluating fish health impacts caused by
environmental pollutants, biochemical parameters play a crucial role

FIGURE 8
Intestine from Oreochromis niloticus showing, (A) control fish, (B) fish exposed to 6.4 g/kg, (C) fish exposed to 9.2 g/kg, and (D) fish exposed to
12.4 g/kg of black sand. Mucosal layer consists of mucosal folds (F), the lamina propria (LP), sub-mucosa (SM), circular (CML), longitudinal muscular layers
(LML), serosa (S), and goblet cells (GC) degeneration (D) an increase in the number and size of goblet cells (LGC), infiltrations of inflammatory cells (IFC),
expansion at villi structure (EVS) and necrosis (N), expansion at villi structure (EVS), hemorrhage (Hr). (H&E X 400).
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(Sayed and Soliman, 2018; Osman et al., 2019). Since AST and ALT
are found in the cytoplasm of hepatocytes, they respond strongly to
structural damage in the liver, resulting in their release in large
amounts (Shah et al., 2002). Chronic liver diseases and excessive
steroids following intoxication are the most common causes of
elevated ALP in plasma (Okechukwu and Auta, 2007). Blood
serum levels of ALT and AST are indicative of organ
dysfunction, since they are distributed in tissues and cells of
organs (Gabriel and George, 2005). A well-known biomarker of
liver disease, obstructive jaundice, and intrahepatic cholestasis is
alkaline phosphatase (ALP) (Matic et al., 2013). Contaminants
present in water could cause fish to develop biliary blockages,
bile duct dilatation, or hyperplasia of the bile ducts (Teh et al.,
1997). In response to black sand exposure, increased cholesterol may
be associated with defense mechanisms against apoptosis.

Most of the measured biochemical parameters (Table 3) were
significantly increased after exposure to black sand compared to the
control. The increase in CK, LDH, ALP, ALT, AST, TP, glucose,

albumin, and globulin observed in our study were similarly reported
by (Hamed et al., 2020) with the Nile tilapia exposed to MPs. Some
parameters with hydroxychloroquine in Catfish (Sayed and Hamed,
2017; Sayed and Soliman, 2018; Sayed et al., 2021) with African
catfish exposed to 4-NP, and common carp (Cyprinus carpio)
exposed to PE-MPs (Hamed et al., 2022b) were also similar.
Banaee et al. (2016) state that the higher levels of the enzymes
(CK, AST, ALT, LDH, and ALP) are an indicator for cell membrane
damage. Additionally, ALT, AST, and ALP activity were increased
by paraquat and plastic particles (Oliveira et al., 2013). MPs and/or
pyrene and nickel exposure also altered the biochemistry of the
common goby (dos Santos Norberto, 2014). Among the most
important functions of proteins is to maintain homeostasis and
prevent fluid leaks from the body (Espinosa et al., 2017).

The observed increase in antioxidant enzyme activity of SOD,
CAT, TPX, MDA, TAC, and OSI is in agreement with the results of
other studies (Pedrajas et al., 1995; Paris-Palacios et al., 2000; Harma
et al., 2005; Wang et al., 2009; Hamed et al., 2020; Iheanacho and

FIGURE 9
Optic tectum fromOreochromis niloticus showing, (A) control fish, (B) fish exposed to 6.4 g/kg, (C) fish exposed to 9.2 g/kg, and (D) fish exposed to
12.4 g/kg of black sand. Stratum periventricular (SPV), stratum album centrale (SAC), stratum griseum centrale (SGC), stratum fibrosum et grisium
superficiale (SFGS), stratum opticum (SO), stratum marginale (SM), dense populated neurons (N), dema (E), contains fibers (F) separation of their apical
regions, hemorrhage (Hr) with congested blood capillaries (BC), highly necrosed (NP), space edema/spongosis (E), small blood capillaries (BC), many
mononuclear nuclei glial cells (G), and few large neurons with vesicular nuclei (LN), homogenous acidophilic neuropile (NP) with tiny unstained space
edema (E), degenerated connective tissues (CT), and degenerated outer epithelial cell (EC). (H&E X 400).
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Odo, 2020; Hamed et al., 2022b). After exposure to black sand,
activities of these enzymes may increase as a result of increased
production of H2O2 and oxidative stress mitigation (Gül et al., 2004;
Iheanacho and Odo, 2020; Mohamed et al., 2022).

Poikilocytosis was caused by black sand on RBCs morphology in
the current study. Micronucleated erythrocytes and nuclear lesions
may be caused by the deleterious effects of black sand related to
chromosomal fragmentation. Consistent with the present results,
the data obtained by (Labieniec et al., 2007) reveal breaks in the
nuclear DNA of the fresh-water mussel Unio tumidus exposed to
gallic. In addition, studies show that hydrolyzable tannins and their
derivatives can damage DNA (Khan et al., 2000). When pyrogallol
and other toxicants cause increased oxidative stress, they cause a
variety of cellular injuries, including necrosis and apoptosis (Xia
et al., 2006), which can negatively impact lipids, proteins, nucleic
acids, and carbohydrates (Cho et al., 2013) (Park, 2016).

The percentages of erythrocytes’ morphological alterations and
nuclear abnormalities of BS-exposed fish were significantly
increased compared to the control. In addition to membrane
fluidity, the reduction in ATP levels and inhibition of the
enzymes-membrane bound can all influence RBC poikilocytosis
(Singh et al., 2009). Our results were similarly reported with
different types of fish in the presence of heavy metals, MPs,
nanoparticles, and herbicides (Ayllon and Garcia-Vazquez, 2000;
Ergene et al., 2007; Sayed et al., 2018; Hamed et al., 2019b; Sayed
et al., 2021; Soliman et al., 2021; Hamed et al., 2022b). Eukaryotic
erythrocyte abnormalities are a powerful tool for studying genotoxic
and cytotoxic damage in eukaryotes, since they are closely related to
DNA damage and are simple, reliable, and sensitive (al-Sabti and
Metcalfe, 1995; Mekkawy et al., 2011; Sayed andHamed, 2017; Sayed
et al., 2018).

During our study, Tilapia were exposed to BS continuously for
2 weeks, causing alterations in the liver, intestines, and brain. In
exposed fish, hepatocytes were deformed and necrotic, many
pyknotic nuclei were detected, blood sinusoids were dilated and
congested, the central veins were hemorrhaging, the liver cells were
shrunken and fatty, and the polysaccharide content was severely
depleted. Similar alterations were reported in fish exposed to lead
acetate (Mustafa et al., 2017), PE-MPs (Hamed et al., 2022b), 4-NP
(Sayed and Soliman, 2018), MPs and chemical contaminants
(Rainieri et al., 2018), and other types of toxins (Figueiredo-
Fernandes et al., 2007; Espinosa et al., 2019b; Stalin et al., 2019;
da Costa Araújo et al., 2020a; da Costa Araújo et al., 2020b). The
morphological changes and vacuolation are associated with
metabolic damage and hepatic lesions resulting from the
excretion of toxic agents and degenerative processes caused by
contaminated water (Valente et al., 1999; Nkwuda et al., 2020).

A number of histopathological alterations were observed in the
intestine in the present study, similar to the histopathological
changes observed in previous studies on fish exposed to MPs,
gibberellic acid, hydroxychloroquine, copper sulfate and copper
oxide nanoparticles, UVA, and other pollutants (Jabeen et al.,
2018; Lei et al., 2018; Espinosa et al., 2019a; Qiao et al., 2019;
Song et al., 2019; Zhang et al., 2019; Iheanacho and Odo, 2020).
Moreover, when stressed, numerous leukocytes infiltrate the body
(Ped`a et al., 2016). Moreover, (Karami et al., 2016), which suggests
that such damage may have been caused by sharp black sand
particles. In addition, epithelial breakdown could lead to the

entry of cytotoxic substances from the gut lumen into the
bloodstream, possibly altering organ functions (Mobin et al., 2000).

Deformations of the brain were evident, such as edema/
spongiosis, hemorrhage, enlargement of the SPV, and hydrops
development. Similar alterations were observed in common carp
exposed to different sizes of plastics (Hamed et al., 2022a), Channa
punctatus exposed to the pesticide chlorpyrifos (Devi and Mishra,
2013),Gambusia affinis exposed to lead chloride (Alkshab and Taha,
2021), carp exposed to quinalphos (Chamarthi et al., 2014), carp
exposed to organophosphate insecticide (Lakshmaiah, 2017), Catla
catla exposed to heavy metals (Bose et al., 2015), and Carassius
gibelio exposed to toxic cyanobacteria (Panagiotis et al., 2014).

In conclusion, the black sand isolated from the Red sea beach
influenced Oreochromis niloticus’s hematology, biochemistry, and
antioxidant parameters. Poikilocytosis and RBC nuclear
abnormalities were also associated with exposure to black sand. The
resulting erosion of rocks and rocks’ access towater forces us to consider
the seriousness of climatic change on the aquatic ecosystem.
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