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Abstract The present study was the first trial to use the
adsorptive capacity of the rice husk to reduce the toxi-
cological impacts of the iron and aluminum oxides
nanoparticles onOreochromis niloticus. The fish groups
were subjected to a sub-lethal concentration (10 mg/l) of
both metal oxides nanoparticles (in single and combined
doses) with and without rice husk water treatment for
7 days. The bioaccumulation of iron and aluminum
metals showed a significant increase (p < 0.05) com-
pared with the control groups. The results revealed a
tissue-specific distribution pattern as following: liver >
kidney > gills > skin > muscles for iron and liver > gills
> kidney > skin > muscles for aluminum. Moreover, the
bioaccumulation potency of iron was greater than that of
aluminum in all studied tissues. Both studied nanopar-
ticles caused a decrease in the red blood cells count,
hemoglobin content, hematocrit values, and mean cor-
puscular hemoglobin concentration, with an obvious
increase in mean corpuscular volume and mean corpus-
cular hemoglobin. While all those parameters were re-
stored more or less to that of control groups after rice
husk water treatment. The histological studies of the
gills, liver, and kidneys showed different histopatholog-
ical alterations ranging from compensatory histological
changes in the rice husk–treated groups to severe histo-
pathological damage in the untreated groups. Based on
the all studied biomarkers, the rice husk is a good

absorbent for both studied nanoparticles individually
or combined.

Keywords Ricehusk . IronoxideNPs .Aluminumoxide
NPs .Oreochromis niloticus

1 Introduction

The special characteristics of nanoparticles (NPs) are the
major reason for entering them in many industries and
increase their existence in the aquatic environment
(Kaviani et al. 2019). Based on their novel characteris-
tics and small sizes, the possible adverse and toxicolog-
ical impacts of NPs are still a matter of investigation
(Abdel-Khalek 2016). Metal oxide NPs are the most
commonly used NPs due to their various properties
(Wang et al. 2016). Iron oxide (Fe2O3) and aluminum
oxide (Al2O3) NPs, for example, have been used up in
various industries like biomedical, bioengineering, and
clinical applications in addition to the ceramics, cos-
metics, electronics, high performance paints, ultrafiltra-
tion membranes, and jet fuel industries (Lewis et al.
2010; Kadar et al. 2011; Chen et al. 2012). The high
surface areas, tiny sizes, and enhanced reactivity of
metal oxides NPs are the key factors of their toxicity.
Therefore, the current emergence of manufactured metal
oxides NPs that released into aquatic environments and
increased the biological exposure to those NPs has
enhanced the need to reduce NPs adverse impacts. Re-
ducing the toxic effects of nanoparticles by reducing
their discharges has become a difficult solution due to
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the continuous and growing increase of nanotechnology.
Thus, the proper treatment of NPs before their discharge
into the aquatic environment is a suitable solution. Var-
ious methods depended on agricultural or industrial by-
products were developed to generate effective bio-
adsorbents for purifying water and reducing the level
of many environmental pollutants (Krishnani and
Ayyappan 2006). Some of these adsorbents were rice
husk, corncobs, peanut shells, tree leaves, sawdust, coir
dust, and wheat bran (Sobhanardakani et al. 2013; Lata
and Samadder 2014). Rice husk (RH) has an effective
adsorbent capacity to remove various metals in their
ordinary sizes from groundwater and surface water
(Lata and Samadder 2014). The present study is the first
trial to use RH as a low-cost, lingo-cellulosic, eco-
friendly bio-adsorbent for treating both Fe2O3 and
Al2O3 NPs (separately and combined) from water. To
evaluate the efficiency of the RH water treatment, many
biomarkers can be used to recognize the health status of
fish and to identify any improvement after the treatment
process. Hematological endpoints are frequently used to
follow up the toxic NPs in the aquatic environment
(Abdel-Khalek et al. 2016a). Furthermore, metallic
NPs may be easily absorbed into the blood through gills
then bioaccumulated in different tissues. Accordingly,
the quantitative measuring of NPs in various tissues is
an important biomarker too. The over-accumulation of
NPs in certain tissues could induce several histopatho-
logical alterations; therefore, the histological evaluation
of vital tissues is perceived as a highly relevant meth-
odology since it reflects the true health state of the
organism (Abdel-Khalek et al. 2016b). Therefore, the
aim of this study was to evaluate the adsorptive capacity
of RH toward Fe2O3 and Al2O3 NPs in single and
combined doses using hematological, bioaccumulation,
and histological biomarkers.

2 Materials and Methods

2.1 Preparation and Characterization of Nanoparticles

The nano-powders of Fe2O3 and Al2O3 were pur-
chased from Sigma-Aldrich, St. Louis, MO, USA.
As provided by the manufacturer, the molecular
weight of Fe2O3 NPs is 159.69 with a surface area
range of 50–245 m2/g and particle size less than
50 nm, while the molecular weight of Al2O3 NPs is
101.96 with surface area > 40 m2/g and the particle

size less than 50 nm. To check the information of the
manufacturer, some structural studies were done as
summarized in Table 1. The used concentration
(10 mg/l) of both NPs were prepared by dissolving
the dry nano-powder into the dechlorinated water
(pH 7.4), then ultrasonicated for 60 min (100 W,
40 kHz) using ultrasonic homogenizer (BioLogics,
Inc., Manassas, VA, USA), to increase their
dispersion.

2.2 Acclimatization of the Experimental Fish

Sixty-four of the experimental fish, Oreochromis
niloticus, were purchased from an uncontaminated fish
farm located in El-Ismailia governorate, Egypt. The total
body length ranged from 10.5 to 13 cm while the
bodyweight of the studied fish was 30–39.2 g. The
transportation process of the fish was done in a large
plastic container to the ecology laboratory, Faculty of
Science, Cairo University with a good aeration condi-
tion. Fish were maintained for 14 days in glass aquaria
(40 × 70 × 26 cm) with 40 l of aerated, dechlorinated tap
water with 8 fish per aquarium. The temperature of the
water was kept at 25 ± 1 °C, while the dissolved oxygen
and pH were 6.5–7.8 mg l−1 and 7.1–7.3, respectively.
Fish were fed once daily during the acclimatization
period with commercial pellet food (20% crude protein,
4% crude fat, 5% crude fiber, 12% crude ash, and 10%
crude moisture).

2.3 Preparation of Rice Husk

The RH from rice mills in Kafr El-Sheikh was chopped
into tiny pieces, washed by deionized water, and left in
the oven for 24 h at 80 °C. After complete drying, the
RH was ground and passed through a 70-mesh sieve (<
210 μm) to be ready for use. Rice husk has entered the
aquaria with a concentration of 50 mg/l (5 times the NPs
concentration). To avoid eating of RH by fish, RH was
isolated by a porous mesh that allows passage of the
usedNPs to the RHwithout escaping of RH to the water.

2.4 Experimental Design

After the acclimatization period, fish were randomly
divided into 8 groups as shown in Fig. 1. The sub-
lethal concentration of our selected metal oxide NPs
was according to Saravanan et al. (2015); Murali et al.
(2017); and Canli et al. (2018). The conditions of the
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experiment were as of that of the acclimatization period,
and water was daily checked for pH, temperature, and
dissolved oxygen.

2.5 Fish Sampling

After the end of the experiment, blood samples from the
caudal vein were withdrawn using heparin as an antico-
agulant, and then the vital tissues (liver, gills, kidneys,
skin, and muscle) were isolated for further
investigations.

2.6 Hematological Studies

2.6.1 Hematological Parameters

Blood samples were diluted with saline solution (0.7%
NaCl). Using the improved Neubauer hemocytometer,
the red blood cells (RBCs) were counted according to
Dacie and Lewis (1991). The determination of hemo-
globin (Hb) concentrations was done by Drabkin (1964)
method, as cyanomethemoglobin (equivalent to Hb con-
centration) was measured spectrophotomerically at a
wavelength of 540 nm. The hematocrit (Hct) values

Table 1 Characterization of Fe2O3 and Al2O3

Parameters Results Used instrument

Fe2O3 Al2O3

Actual particle size 17.3–34.8 nm 21.4–44.5 nm Field emission transmission electron microscopy
(FETEM, JEM-2100F, JEOL Inc., Japan) at
accelerating voltage of 200 kV

Particle shape Spherical shape Rod shape Field emission transmission electron microscopy
(FETEM, JEM-2100F, JEOL Inc., Japan) at
accelerating voltage of 200 kV

The dynamic light scattering (DLS) to
estimate the average hydrodynamic
size in water

1547 nm 80.8 nm Nano-zetasizer-HT, Malvern Instrument, UK

The zeta potential 1.24 mV 38.2 mV Malvern Zetasizer Nano ZS instrument.

Fig. 1 The experimental design
of the present study
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carried out in small-heparinized capillary tubes using
Hct centrifuge at 3000 rpm for 20 min, and then the
percentage volume of the RBCs to total blood volume
was estimated.

2.7 Calculated Blood Indices

All blood indices were calculated according to Gupta
(1977) as below:
The mean corpuscular volume MCVð Þ

¼ Hct� 10

RBCs million=mm3ð Þ:

The mean corpuscular hemoglobin MCHð Þ

¼ Hb gm=dlð Þ � 10

RBCs million=mm3ð Þ

The mean corpuscular hemoglobin concentration MCHCð Þ

¼ Hb gm=dlð Þ � 100

Hct

2.8 Bioaccumulation of the Studied Metal NPs
in the Tissues

Iron and aluminum bioaccumulation levels in the liver,
gills, kidneys, skin, and muscle tissues of the studied
fish were measured using inductively coupled plasma
(ICP-AES), Thermo Sci, model: iCAP6000 series. The
measuring procedures were done according to APHA
(2005). According to the dry ashing method, the tissues
were acid digested (by concentrated HCl) after 8 h of
oven drying at 80 °C. Then the mixture was diluted to
known volume (25 ml) using deionized water. The
detection limits are 1 μg/l for Fe and 0.1 μg/l for Al.
All over the measuring process, blank samples were
prepared perfectly in the same way as the samples to
correct the background absorption. Before the aspiration
of the tissue samples, different concentrations of work-
ing standard solutions (for each metal) were aspirated to
get a straightline standard curve. The percentage recov-
eries of the measured metals were in the range of 95–
110% (using Lake Superior fish 1946NIST, National
Institute of Standards and Technology, USA). The mea-
sured metal concentrations were expressed as mg/kg dry
weight of tissues

2.9 Histological Studies

The gills, liver, and posterior kidney were washed
using saline solution then preserved in Bouin’s fixa-
tive. According to Bernet et al. (1999), tissues were
processed, sectioned at 4 μm, then stained using
hematoxylin and eosin. Eight specimens of each tis-
sue were sectioned per group (one slide for each
tissue/fish), and the histological alterations were re-
corded by light microscopy.

2.10 Statistical Analysis

The results were expressed as mean ± standard error.
Data were statistically analyzed using the Student t
test to estimate the significant difference between RH
treated and untreated groups. Duncan’s multiple
ranges were used to examine the homogeneity among
the experimental groups as indicated by different
case letters in the descending order A, B, C, and D
at p < 0.05 using Statistical Processor Systems Sup-
port, SPSS software, version 16.0, IBM, Chicago, IL,
USA.

3 Results

3.1 Blood Parameters and Blood Indices

3.1.1 Hematological Parameters

The single and combined effects of Fe2O3 and Al2O3

NPs on some hematological parameters (RBCs, Hb,
and Hct) in Oreochromis niloticus with and without
RH water treatment were recorded in Fig. 2. The one-
way analysis of variance (ANOVA) showed a signif-
icant difference at P < 0.05. Compared with the con-
trol group, the different RH untreated metal oxide
NPs exposed groups showed a remarkable decrease
in all hematological parameters (Duncan’s test capital
letters). Comparing these data with the hematological
results of RH-treated water groups that exposed to
the same metal oxide NPs (t test) showed that the
recorded blood parameters were started to increase
after the RH treatment, and in some cases (like Hb of
Al2O3 NPs and Hct of mixed group), the results
became insignificantly with the control group.
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3.2 Calculated Blood Indices

The calculated blood indices including MCV, MCH,
andMCHC of all experimental fish groups were record-
ed in Fig. 3. Regarding the MCV and MCH of RH-
untreated water groups, there were significant increases
among the different exposed NPs groups compared with
the control group with the highest values in the Fe2O3

NPs exposed group.Whereas the values of those indices

became more or less close to the control group after the
RH water treatment. In comparison with control groups,
the MCHC index was significantly decreased in all
studied fish groups.

3.3 Bioaccumulation of the Studied Metal NPs

Bioaccumulation potency of iron and aluminum NPs
(in single and combined doses) in the liver, kidney,

Fig. 2 Single and combined
effects of Fe2O3 and Al2O3 NPs
on some blood parameters
(RBCs, Hb, and Hct) in
Oreochromis niloticus after rice
husk (RH) water treatment. aData
are represented as means of eight
samples in each group ± SE. bThe
small letters represent the
Duncan’s test (p < 0.05) between
rice husk–treated and untreated
groups. Rows with same letters
are not significantly different;
otherwise, they do. cThe capital
letters represent Duncan’s test
(p < 0.05) between different NP-
exposed groups compared with
control groups. Columns with
same letters are not significantly
different; otherwise, they do. dNS
= not significant; N.D. = not
detected
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gills, skin, and muscles of Oreochromis niloticus
with and without RH water treatment were recorded
in Table 2. Regarding the bioaccumulation potency
of both metals in studied tissues, there was a signif-
icant difference (P < 0.05) among all studied groups.
Compared with the control groups, the Fe and Al
contents in the studied tissues showed a significant
increase in all studied groups with maximum eleva-
tion in untreated single metal oxides NPs exposed
groups (Duncan’s test). Comparing the RH untreated
and treated water groups that exposed to the same

metal NPs (t test), the concentration of metal oxides
NPs were recorded always significantly higher in
RH-untreated water groups than treated water
groups.

3.4 Histopathological Examination

Single and combined effects of Fe2O3 and Al2O3 NPs
on histological structures of gills, liver, and kidneys of
Oreochromis niloticuswith and without RH water treat-
ment were shown in Figs. 4, 5, and 6.

Fig. 3 Single and combined
effects of Fe2O3 and Al2O3 NPs
on calculated blood indices
(MCV, MCH, and MCHC) in
Oreochromis niloticus after rice
husk (RH) water treatment. aData
are represented as means of eight
samples in each group ± S.E. bThe
small letters represent the
Duncan’s test (p < 0.05) between
rice husk (RH)–treated and
untreated water within the same
group. Columns with same letters
are not significantly different;
otherwise, they do. cThe capital
letters represent the Duncan’s test
(p < 0.05) between different metal
oxide NPs exposed groups
compared with control groups of
each rice husk (RH)–treated and
untreated water groups. Columns
with same letters are not
significantly different; otherwise,
they do
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3.5 Histopathological Studies on Gills

Gills of the control groups (Fig. 4a, b) showed well-
structured primary filaments and secondary lamellae
with flat epithelial cells and chloride cells found at the
bases of the 2ry lamellae. Gills sections of fish that
exposed to Fe2O3 and Al2O3 NPs (separately and in
mixture) without RH water treatment (Fig. 4c, d, f, g,
e, and j) showed primary lamellar epithelial thickening
(PLET); severe hyperplasia (SHP) with fusion in sec-
ondary lamellae (F); aneurysm [outward bulging caused
by an abnormal weak spot on a blood vessel wall] (A);
cellular necrosis (CN); severe edema (SE); epithelial
lifting at the base of secondary lamellae (EL); mucosal
cell hyperplasia (MCHP); telangiectases [small dilated
blood vessels near the surface of the mucous

membranes] at the tip of secondary lamellae (T); con-
gestion in the lamellar blood vessels (CO). While, gills
sections of RH-treated groups (Fig. 4e, h, k) showed less
noticeable alterations as hyperplasia (HP); congestion
(CO); epithelial lifting (EL); mucosal cell secretion
(MCS).

3.6 Histopathological Studies on Liver Tissues

The control groups (Fig. 5a, b) showed normal architec-
ture with densely arranged polygonal hepatocytes show-
ing a homogenous cytoplasm, and a large central or sub-
central sphere-shaped nuclei and sinusoids were distrib-
uted randomly all over the hepatocytes without any
histopathological abnormalities. While, liver sections
of fish that exposed to Fe2O3 and Al2O3 NPs without

Fig. 4 Single and combined effects of Fe2O3 and Al2O3 NPs on
histopathological sections in gills of Nile tilapia; Oreochromis
niloticus after rice husk (RH) water treatment. PL, primary lamel-
lae; SL, secondary lamellae; PLET, primary lamellar epithelial
thickening; SHP, severe hyperplasia; F, fusion in secondary

lamellae; A, aneurysm; CN, cellular necrosis; SE, severe edema,
EL, epithelial lifting at the base of secondary lamellae; MCHP,
mucosal cell hyperplasia; T, telangiectases at the tip of secondary
lamellae; CO, congestion in the lamellar blood vessels; HP, hyper-
plasia; MCS, mucosal cell secretion. Scale bar = 100 μm
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RHwater treatment (Fig. 5c, e, and g) showed a marked
deterioration in liver histoarchitecture as infiltration of
blood cells (INF); blood congestion (CO); necrosis (N).
Whereas RH-treated group (Fig. 5d, f, and h) showed
some fatty degeneration (FD) and cytoplasmic vacuola-
tion (V).

3.7 Histopathological Studies on Kidney Tissues

Kidney sections of the control groups (Fig. 6a, b)
showed regularly formed tubules, and the interstices of
the tubules have normal hematopoietic tissues. It was
composed also of numerous renal corpuscles with well-
developed glomeruli. While kidney sections of fish that

exposed to Fe2O3 and Al2O3 NPs (separately and in
mixture) without RH water treatment (Fig. 6c, e, and
g) showed progressive damage with degeneration of
renal tubules architecture (DRT); cellular degeneration
(CD); infiltration of fibroblast (INF); rupture of renal
corpuscle (RRC); necrosis (N). However, fish that ex-
posed to Fe2O3 and Al2O3 NPs with RHwater treatment
showed almost the same alternation but with less defor-
mation of renal tubules and relatively good maintenance
of renal architecture (Fig. 6d, f, and h). Generally, the
severity of the alterations more pronounced in the fish
groups that exposed to Fe2O3 and Al2O3 NPs (separate-
ly and combined) without RHwater treatment especially
in the Fe2O3-exposed group.

Fig. 5 Single and combined effects of Fe2O3 and Al2O3 NPs on
histopathological sections in the liver of Nile tilapia; Oreochromis
niloticus after rice husk (RH) water treatment. HC, hepatic cells; S,

sinusoids; HP, hepatopancreas; INF, infiltration of blood cells; CO,
congestion in blood vessel; N, necrosis; FD, fatty degeneration and
V, cytoplasmic vacuolation. Scale bar = 100 μm
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4 Discussion

Many scientists ratify that NPs are one of the main
basics of the developing technologies in the twenty-
first century (Zhu et al. 2019), and therefore, a growing
number of NPs can enter the aquatic environment
through different pathways (Adam and Nowack 2017).
Therefore, the present study aimed to use sensitive and
effective biomarkers to evaluate a new treatment method
of two commonly used metal oxide NPs to reduce their
toxicological impacts. The toxic NPs can cause varia-
tions in many hematological parameters, either by in-
creasing their number or concentration by boosting their
biosynthetic activities or by decreasing their number or

concentration by quelling their biosynthetic sites
(Khabbazi et al. 2015). The recorded reduction in RBCs
count, Hb content and Hct of Oreochromis niloticus
after the exposure to Fe2O3 and Al2O3 NPs was in
accordance with Karthikeyeni et al. (2013) who found
same results in Oreochromis mossambicus that exposed
to different concentrations of Fe2O3 NPs.Moreover, this
reduction was noticed in Labeo rohita after the treat-
ment with different metal NPs like Ni, Ag, Cr3O4, and
Co3O4NPs (Kanwal et al. 2019). The reduction in RBCs
count may be due to the ability of NPs to penetrate the
erythrocyte membranes and increase their permeability
in addition to the ability of NPS to impair the hemopoi-
etic processes may increase the fragility of RBCs and

Fig. 6 Single and combined effects of Fe2O3 and Al2O3 NPs on
histopathological sections in kidneys of Nile tilapia; Oreochromis
niloticus after rice husk (RH) water treatment. RT, renal tubules;

RC, renal corpuscle; G, glomerulus; DRT, degeneration of renal
tubules architecture; CD, cellular degeneration; INF, infiltration of
fibroblast; RRC, rupture of renal corpuscle and N, necrosis
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accelerating the degeneration of their membranes
(Shaluei et al. 2013). Dar and Borana (2014) suggested
that the overproduction ofmany reactive oxygen species
(ROS) reduces RBCs count via inhibition of DNA syn-
thesis in RBCs production or impaired intestinal absorp-
tion of iron.Moreover, lysing of erythrocytes due to NPs
exposure may consequently lead to a reduction in Hb
content and Hct values in exposed fish (Abdel-Khalek
et al. 2016a). The hypoxic condition resulted from re-
duced RBCs may inhibit the aerobic glycolysis and
consequently decrease the energy required for Hb syn-
thesis (Joshi et al. 2002). Furthermore, Kori-Siakpere
and Ubogu (2008) referred the reduction of Hct values
to the hemodilution and disturbed osmoregulation pro-
cess that may occur due to gill destruction (confirmed by
the present histopathological examination). The MCV,
MCH, and MCHC values are exactly calculated based
on RBCs count, Hb content, and Hct changes, so any
change in those values will lead to change in the blood
indices values. The present study showed a significant
increase in values of MCV, MCH with a decrease in
MCHC after the exposure to both metal oxides NPs
when compared with control groups. These results
were in accordance with Karthikeyeni et al. (2013)
who found same findings in Oreochromis mossambicus
exposed to different concentrations of Fe2O3 NPs.
Jahanbakhshi et al. (2015) referred the elevation in
MCV and MCH values to the decreased RBCs number
induced by respiratory and hemopoietic processes
disorders. Also, Lavanya et al. (2011) suggested that
the elevation inMCVmight be attributed to the swelling
of RBCs that are associated with intracellular osmotic
disorders due to the toxic stress of NPs. The elevation of
MCV accompanied by MCH increase more than the
control group indicated a sign of the macrocytic
hyperchromic anemic condition. The decreased values
of MCHC, which is the ratio of Hb concentration as
opposed to the Hct, considered as an indication of RBCs
swelling and/or a decrease in hemoglobin biosynthesis.
After RH water treatment, an obvious improvement in
the hematological conditions of the fish exposed to the
same NPs was observed. Based on our studied parame-
ters and indices, some of those hematological endpoints
(ex. Hb and MCV of Al2O3 NPs and mixture exposed
groups) improved to be insignificant with the control
group.

Accumulation of nanometals refers to metals re-
served by the organism that is neither excreted nor
egested. Fish can absorb metals from water and

sediments, then accumulate it in various tissues in
amounts above those found in their environment, and
these cause more adverse biological effects (Abdel-
Khalek 2015, 2018). The obtained results showed a
tissue-specific increase of Fe and Al contents in different
vital tissues (liver, kidney, gills, skin, and muscles) of
fish after metal oxides NPs exposure. This was in agree-
ment with Benavides et al. (2016) who observed that Zn
and Al contents could effectively increase in liver and
gills of Carassius auratus exposed to ZnO and Al2O3

NPs in single or combined doses. Also, the elevation in
iron content in the liver, gills, kidney, and muscles was
observed also by Ates et al. (2016) when Oreochromis
niloticus was exposed to sub-lethal concentrations of
Fe2O3 NPs. Metals may be distributed uniformly within
the body tissues of fish but accumulate in dissimilar
form. As in our study, the highest Fe or Al contents, in
general, were detected in the liver tissue followed by the
kidney in case of Fe and followed by gills in case of Al
than other tissues. In our previous work, the maximum
Cu content also was observed in the liver followed by
kidney then gills when Oreochromis niloticus was ex-
posed to CuO NPs for 30 days (Abdel-Khalek et al.
2016a). The high hepatic accumulation of metal NPs
may be due to the high production rate of
metallothioneins (MTs) which ultimately bind the
metals in order to avoid the possible harm (Abbas
et al. 2018). Moreover, the liver is a specialized organ
for metal detoxification through metal sulfur protein
formation (Abdel-Khalek 2015). The excess Fe is stored
in the form of heme protein and ferritin for various
metabolic activities, and this may explain the high iron
content in the liver too (Javed et al. 2016). The kidney is
also deeming as goodmetal accumulator tissue due to its
role in the re-absorption and excretion processes
(Barbier et al. 2005). The tendency of Fe to bind with
intracellular proteins for keeping Fe in a soluble bio-
available non-toxic form in the cytoplasm until its ex-
cretion is the major cause of the high renal Fe concen-
tration (Arosio and Levi, 2010). According to
Sivakumar et al. (2012), the kidney usually accumulated
Al in large quantities because the excess amounts of Al
are rapidly eliminated from the body through the kidney
mainly in detoxification mechanism during the excre-
tion process. The accumulation of NPs in gills according
to Hao et al. (2013) might be due to the adsorption of
NPs directly on the surface of the gills with subsequent
penetration across the gill membrane. This observation
was confirmed in our study as many NPs aggregates
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were seen on the surface of the gills during the dissec-
tion process. The higher skin and lower muscle Fe and
Al contents in the present study were in accordance with
Abdel-Khalek et al. (2016a) who observed same results
in Oreochromis niloticus after 30 days of CuO NPs
exposure. The higher metal oxides in the skin especially
Fe2O3 NPs (observed as brown particles) may be due to
the tendency of metallic-NPs to adhere to skin. The
lowest concentration of metal oxide NPs in the muscle
may be due to the low level of metal-binding protein (for
example MT) in the muscle and because of the large
mass with low metabolic activity of muscular tissues
(Murugan et al. 2008; Abdel-Khalek et al. 2016b, 2018).
The elevated NPs accumulation, especially iron, when it
was singly dosed may be due to its high surface adsorp-
tion tendency which is due to its shape, size, aggrega-
tion, and magnetic properties. This surface adsorption
mechanismmay alter when Fe NPs combinedwith other
NPs. The spherical-shaped Fe2O3 NPs could attach to
rod-shaped of Al2O3 NPs, thereby changing the direct
surface contact area for both NPs which agreed with
Hua et al. (2016) who found the attachment of TiO2 NPs
(spherical shape) to ZnO NPs (rod shape) caused a
change in their surface areas. This attachment may be
occurring in water, and the new particle formed may be
a reason for decreasing the uptake of Fe when it com-
bined with Al NPs. Moreover, the higher accumulation
of Fe compared with Al may be due to the high ability of
Fe2O3 NPs to adsorb through gills and enter the circu-
lation (observed as red aggregates during the present
work). Chen et al. (2012) stated that there is a high
adhesion tendency of iron NPs to the surfaces of the
gills that could damage the epithelial cell and facilitate
its entry into the fish body. In addition, NPs can be
rapidly cleared through the kidneys when the particle
size is small, but it is efficiently trapped by cells when
the particle size is large (Feng et al. 2018). Therefore,
the clearance of Fe2O3 NPs may be less than Al2O3NPs,
so it is more accumulated in tissues. After RH treatment,
the bioaccumulation data corroborated that RH has the
ability to adsorb both metals NPs from water in all
studied groups. As we found that the concentrations of
Fe were decreased by 74%, 79%, 74%, 77%, and 32%
in the single Fe2O3 NPs dosed group and by 74%, 85%,
67%, 62%, and 36% in combined NPs dosed group in
liver, kidney, gills, skin, and muscle tissues, respective-
ly. While the concentrations of Al were decreased by
56%, 83%, 46%, 46%, and 27% in the single Al2O3 NPs
dosed group and by 61%, 74%, 65%, 65%, and 49% in

combined NPs dosed group in liver, kidney, gills, skin,
and muscle tissues, respectively.Histopathological in-
vestigations show initial signs of lesions and alterations
to evaluate the toxicity of many pollutants (Khosravi-
Katuli et al. 2018). External stressors are directly affect-
ing gills as gills, owing to their anatomical position and
function, are in direct and continuous contact with ex-
ternal medium (Capaldo et al. 2019). Similar to the
present study, many histological alternations in gills
such as aneurism, hyperplasia, edema, epithelial lifting,
congestion, and cellular necrosis were observed in
Oreochromis mossambicus exposed to sub-lethal con-
centrations of Al2O3 NPs (Murali et al. 2018). More-
over, the exposure to Fe3O4 NPs for 96 h and 60 days
resulted in mucous deposition, vacuolization, aneurysm,
hyperplasia, absence of secondary lamellae, and bleb-
bing of epithelium inOreochromis mossambicus (Vidya
and Chitra 2019). The histological alterations like epi-
thelial lifting, hyperplasia, and the partial or total fusion
of some secondary lamellae are examples of resistance
mechanisms to increase the distance between the exter-
nal pollutants and the blood, thus act as an obstruction to
the entrance of contaminants (Hadi and Alwan 2012).
Although these alterations act as defense mechanisms, it
causes a reduction in the respiratory surface and oxygen
uptake of fish (Antunes et al. 2017). Hypoxia-induced
by histopathological lesions was confirmed in Oryzias
latipes after 14 days of Ag NPs exposure (Wu and Zhou
2013). The reduction of O2 uptake can also lead to the
weakness of blood vessels, disturbances in blood flow,
congestion, and aneurysm (Murali et al. 2018). In-
creased permeability of capillary walls and vessel dila-
tation at the site of toxic damage could be responsible
for the observed lamellar edema. Marked deteriorations
in liver histoarchitecture including infiltration of blood
cells, blood congestion, and necrotic degeneration were
observed in the current study in all RH-untreated water
groups. These changes were in agreement with Vidya
and Chitra (2019) who found that liver tissue showed
notable lesions such as segmentation of hepatocytes,
spindle-shaped nucleus, and severe necrosis when ex-
posed to Fe3O4 NPs for a short-term duration and
60 days. Hepatic histopathological changes including
vacuolization, blood congestion, and necrosis were pre-
viously observed also in the Oreochromis mossambicus
after sub-lethal exposure to the Al2O3 NPs (Murali et al.
2017). Thophon et al. (2003) referred the hepatic histo-
pathological changes to high hepatocytes metabolic ac-
tivity in response to metal toxicity. Vacuolization of the
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hepatocytes is a result of the imbalance between the rate
of the synthesis and release of materials produced by the
hepatocytes and/or the excessive deposits of fat in the
cytoplasm (Ciji and Nandan 2014). Degeneration of
hepatocytes and necrotic degeneration is a common
result of cell membrane damages, disorders in proteins,
and carbohydrates metabolism (Mela et al. 2007). Ac-
cording to Wang et al. (2015), hepatocyte damage and
necrosis may result from excessive accumulation of iron
metal; the high hepatic metal concentrations in the pres-
ent study confirmed this observation. Blood congestion
and RBCs infiltration indicated an impaired venous
outflow and weakened hepatic blood vessels. The kid-
neys play a critical role to preserve the osmoregulatory
mechanism and renal filtration rate; therefore, renal
lesions could be a good indicator of external stress
(Gupta et al. 2016). The progressive damage of renal
tissues recorded in the present study was associated with
degeneration, and deformation of renal tubules
architecture was in accordance with Chupani et al.
(2018) who observed renal alterations including defor-
mations in the epithelia of renal tubules and necrosis in
renal tissues of Cyprinus carpio after ZnO NPs expo-
sure. This degeneration of tubular epithelial cells and
necrosis may be due to the accumulation of inflamma-
tory cells associated with NPs toxicity. The high metal
bioaccumulation levels in kidney and the free radicals
produced from metals ions also contribute substantially
to renal injury and tissue damage (Hermenean et al.
2015; Abdel-Khalek et al. 2018). Generally, the histo-
pathological examination showed that the severity of the
recorded alterations was more pronounced in the tissues
of fish that exposed to NPs metals without any treatment
of water. While the recorded histological changes in the
tissues of fish that exposed to the same NPs with RH
water treatment were less severe. These observations
may be due to the ability of RH to absorb NPs and
decrease their accumulation level in fish tissues. These
were in agreement with Kaur et al. (2018) who sug-
gested that the high accumulation of metals in tissues
would probably dysfunction the detoxification mecha-
nism and cause severe histopathological abnormalities
in it.

5 Conclusions

It can be recognized that both Fe2O3 and Al2O3 NPs in
single and combined doses could accumulate in fish

tissues and induce hematological and histological alter-
ations to Oreochromis niloticus. This is the first attempt
to display the adsorptive properties of RH to metal NPs,
and the results of the present study showed that RH had
adsorptive capacity to both studied NPs and could im-
prove the health status of the exposed fish. More studies
are needed using different organisms and alternative
NPs to improve RH removal efficiency.
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