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ABSTRACT

Using nanomaterials in food packaging and applying cow dung as manure can adversely impact
aquatic organisms, with further consequences for human health. Thus, this study investigates metal
bioaccumulation, energy requirements and health risks from consumption of Clarias gariepinus ex-
posed to silver nanoparticles (AgNPs)-cow dung contaminated water. C. gariepinus samples were
exposed to clean water (control) and contaminated water with AgNPs (0.75 mg/mL), cow dung (0.75
mg/mL) and AgNPs-cow dung (0.75 mg/mL) for 10 days. Cow dung had a comparable load to the
control while AgNPs dramatically reduced microbial load in water. The metal concentration of C.
gariepinus gills, muscle, kidney, and liver is as follows: Na > K> Mg > Ca > Fe > Al > Zn > Mn > Cr >
Cu>Ag > Ni>Pb > Cd > Co. Metal bioaccumulation was highest in the muscle and lowest in the liver.
The estimated daily intake of heavy metals from C. gariepinus consumption was < 0.51, confirming
safe consumption. Non-carcinogenic risks from consumption of C. gariepinus exposed to different
treatments assessed with hazard index (HI) and target hazard quotients (THQ) were < 1 indicating no
non-cancer adverse effects on health. However, calculated life cancer risks (LCR) were higher than
the 104 suggesting possible carcinogenic toxicity from C. gariepinus consumption. Creatine kinase
activity increased in all study groups, but only the C. gariepinus exposed to cow dung showed statisti-
cally significant alterations in energy demand. AgNPs considerably decreased the prevalence of gas-
trointestinal parasites and the bacterial population in C. gariepinus organs. These results conclude that
the combination of AgNPs and cow manure posed a significant environmental hazard to the survival of
C. gariepinus.

Keywords: Clarias gariepinus, creatinine kinase, heavy metals, microbial population, nanopollution,
risk assessment.
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INTRODUCTION

Due to their unparalleled functionalities,
nanoparticles (NPs) have been used as
growth stimulants, fungicides, bactericides,
and adsorbents for toxicants in agriculture
as part of the drive for innovation and food
security (Naasz ef al., 2018; Mekkawy ¢ al.,
2019; Azeez et al., 2022a,b,c). Additionally,
traditional farmers use cow dung as a cheap
supply of manure to strengthen and in-
crease the growth of plants (Jena et al,
2020). However, toxicity to aquatic organ-
isms during and after the application of
NPs is a valid concern (Turan ez al., 2019).
Nanopollution is challenging to control due
to the varied sizes, shapes, reactivity, and
changes that NPs go through in soil and
aqua matrixes. When NPs come into con-
tact with water, they quickly react with the
contents. After adopting new properties,
these interactions could either accelerate the
release of harmful ions and aggregate or
reduce their toxicity by increasing their bio-
availability (Azeez e/ al, 2019a,b). Nanopar-
ticles are equally known to bioaccumulate
and accelerate metal accumulation in the
tissues of fish thereby causing undesirable
effects (Tuncsoy, 2022). Silver nanoparticles
(AgNPs) are known for their antibacterial,
antifungal, and antioxidant characteristics,
but they can also be hazardous in their nat-
ural state or after being transformed chemi-
cally, physically, or biologically (Lateef ef 4/,
2016a,b, 2020; Pikula e al, 2020).

Cow dung, on the other hand, contributes
significantly to poor water quality due to the
population of microflora (Behera and Ray,
2021).

In addition to their potential toxicity,
AgNPs and cow dung may facilitate heavy
metal mobilization and bioaccumulation by
altering the properties of water bodies (Jena

et al., 2020; Shah ez al., 2020).

Fish is the cheapest source of animal protein
and accounts for 40 % of Nigerian protein
consumption. Nigeria is currently the major
producer of Clarias gariepinus, employing over
one million people directly (Azeez et al,
2022b). The fish are mostly reared by parti-
tioning a part of the river usually polluted by
contaminants from other agricultural practic-
es. Consequently, they are the most vulnera-
ble aquatic organisms to toxins that limit
growth, harm health, and cause pollutants to
bioaccumulate  in  important  organs
(Amoakwah ez al., 2020; Tabrez et al., 2021).
As a result, the exposed fish will need more
energy to survive (Khan ez 4/, 2010).

Thus, this study investigated the ecological
and health risks from bioaccumulation of
heavy metals from AgNPs and cow dung
contamination in vital organs of C. gariepinus.
It also studied the energy demands in the
exposed C. gariepinus and the prevalence of
gastrointestinal parasites and microbial pop-
ulations.

MATERIALS AND METHODS
Green synthesis of AgNPs and prepara-
tion of Cow-D
Green synthesis of AgNPs was mediated by
adding 1mL of Prunus duleis (almond) leaf
extract to 40mL of AgNOs; solution. The
resulting AgNPs were monitored for colour

change and characterized as reported by
Azeez et al., (2022a).

Fresh cow-dung was carefully collected at an
abattoir in Oke-Baale Osogbo, Nigeria. The
sample was dried for 3 days, pound, sieved
and was used for preparation of 0.75 mg/
mL cow dung solution.
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C. gariepinus acclimation and experi-
mental design

Fresh samples of catfish (Clarias gariepinus)
were cautiously collected from the fishpond
at the Zoological Garden, Osun State Uni-
versity and acclimatized for 3 days in fresh-
water. The catfishes (1022.74 + 16.2 g) were
randomly grouped into 4 ponds containing
four fish in 10 cm X 14 cm ponds holding
100 L water. Group 1 (untreated) served as
the control; group 2 was exposed to 450
mL solution of 0.75 mg/mL AgNPs; group
3 received 450 ml solution of 0.75 mg/mL
cow dung (Cow-D) while group 4 was ex-
posed to 450 mL solution of a mixture of
0.75 mg/mL each of AgNPs and Cow-D.
The fish were fed with 4 % crude protein
processed feed (COPPENS). Experimental
exposure in each group was done by chang-
ing treated (dosed) water after 3 days for 10
days. At the end of the experimental period,
all fish were sacrificed 24 h after the last
treatment and organs (liver, kidney, muscle
and gills) were excised.

Microbiological Analysis of Samples

The sterile swab sticks were used to swab
the surface of the intestine, gills, liver and
kidney separately and they were inoculated
on different nutrient agar plates. The inocu-
lated plates were then incubated at 37 °C
for 24 hours. Discrete colonies were sub-

cultured into fresh nutrient agar plates asep-
tically to obtain pure cultures of the isolates.
All pure bacterial isolates were Gram stained
to determine their gram reaction, followed
by other biochemical tests which include
Catalase, Oxidase, Mannitol Salt Agar and
Deoxyribonuclease (DNase) test and Triple
sugar iron test. The morphological character-
istics that were examined include, colour,
edge, growth, turbidity, elevation, shape and
arrangement of microorganisms.

Elemental profile of C. gariepinus, water
and cow dung

The elemental compositions of Cow-D, wa-
ter (control), and treated water (combined
after each treatment) were analyzed accord-
ing to Ageez et al, (2020). Metal contents
were determined using an inductively cou-
pled plasma-optical emission spectrometer
(ICP-OES) after digesting 0.5 g of each or-
gan with a mixture of HNOj3 and HCI (7:3),
following the method described by Azeez ef
al., (2020).

Health risk assessment

Bioaccumulation factor of metals in C.
gariepinus organs

The bioaccumulation of silver and heavy
metals in C. gariepinus exposed to different
treatments was calculated using equation 5.

silver [heavy metal contents in C.gariepinus

Bioaccumulation factor (BAF) =

silver [heavy metal content in corresponding water 5

Estimated dietary intake of C. gariepinus

The potential risks to the health of humans from consumption of fish (C. gariepinus) ex-
posed to nanosilver and cow dung pollution in terms of heavy metals were evaluated using
the estimated daily intake (EDI; equation 6) and carcinogenic risks (equations 7 and 8).
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EDI (mgkg™'BWday™) =

metal concentration l'mgkg" ) x daily average consumption of C.gariepinus (kg)

Average Body weight (kg) 6

The daily average consumption of C. gariepinus as of 2017 was reported to be 0.062 kg per-
son! day! (Liverpool-Tasie ez al, 2021). The average body weight of Nigerians was as-
sumed to be 60 kg (Azeez ef al., 2020).

Non-carcinogenic and carcinogenic risks
Non-carcinogenic risks in humans from consumption of C. gariepinus exposed to polluted
water were evaluated using the target hazard quotient (THQ) (equation 7).

THQ (mgkg kg *BWday™) = %
f
7
R.D .
Where ~ 7 (oral reference dose) represents the daily allowable dose humans can be ex-

D
posed to over a petiod with/without harmful effects. The 7™ for metals of concern are

o1

7, 0.04, 00035, 0.003, 0.001, 0.3, 0.02, 0.7 and 0.14 ™8XE" qai for AL Cu, Pb, Cr, Cd,
Zn, Ni, Fe and Mg respectively (Liu e a/., 2019; Rinklebe ez a/., 2019; Chijioke ez al., 2020).
Hl = Y THQ

Ta
Where hazard index (HI) is the sum of target hazard quotients of considered metals. Expo-
sure to toxic metals from consumption of C. gariepinus is considered safe with minimal ef-
fects if HI and THQ < 1 but when THQ and HI > 1, the probable occurrence of adverse
effects from consumption of C. gariepinus is high.
Carcinogenic risks from the consumption of C. gariepinus exposed to polluted water were
calculated using equations 8 and 8a (Chijioke ez a/., 2020).

Where LCR is the lifetime cancer risks of
exposure to toxic metals, CSF is the cancer
slope factor for toxic metals and LT is the
average lifetime of a Nigerian (48.9 years)

higher than 10 (Rinklebe e a/, 2019)

Preparation of tissue homogenate
At the end of the experimental periods, the twenty

(Chijioke et al, 2020). The CSF values of
Ct, Cd, Pb and Ni are 0.5, 0.38, 0.01 and 1.7

co—1
mgkg day! respectively (Liu ez al, 2019;
Chijioke ez al, 2020). The carcinogenic risk
ranges between 10¢ and 104 The risk is
considered negligibly low if CR is lower
than 106, tolerable between 10-6 and 104

but it is potentially carcinogenic if CR is

fish samples were sacrificed and tissues were immedi-
ately excised, rinsed in 1.15 % KCI and weighed.
Homogenization of the tissues was carried ont in ice
-cold 0.05 M phosphate buffer (pH 7.4) to
prepare a 10 % (w/v) homogenate and, sub-
sequently centrifuged at 10,000 rpm for 15
min to obtain supernatants and stored at -4 °
C for metal contents and creatinine kinase
activity in muscle.
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Creatinine Kinase activity

Creatinine Kinase (CK) activity was assayed
in skeletal muscle homogenates based on
the colorimetric method described by
Hughes (1962). The activity of CK was
measured as units of nmol min' mg! pro-
tein.

Determination of gastrointestinal para-
sites and bacterial isolates in C. gariepi-
nus

Identification of gastrointestinal parasites
was done by a complete internal autopsy as
described by Chatles-River’s Research Ani-
mal Diagnosis Services. Slides were pre-
pared by smearing crushed and scrapped
tissues. A scraping of the entire organ was
made in the case of the gills, gall and uri-
nary bladders. Identification of parasites
and measurement of parasites infestation
were carried out using dissecting micro-
scope.

For bacterial isolation and identification, the
swab samples of the gills, liver and kidney
were taken. Swab sticks from each organ
containing bacterial colonies were inoculat-
ed on different nutrient agar and incubated
at 37 °C for 24 h. The discrete colonies
were further sub-cultured to obtain pure

cultures of isolates. All pure bacterial isolates
were subjected to morphological and bio-
chemical characterizations. The biochemical
identifications carried out include coagulase,
catalase, oxidase, DNase and triple sugar iron
tests. The fungal isolates were identified
through morphological appearance and mi-
croscopic techniques.

Statistical analysis

All results were expressed as mean T stand-
ard error of mean (SEM). Data were tested
for normality (Shapiro-Wilk). Differences
between treatments and control were carried
out using one-way analysis of wvariance
(ANOVA) followed by Duncan’s Multiple
Range post-hoc tests or Kruskal-Walli’s test.
Statistical significance was set at p < 0.05. All
statistical analyses were performed using
IBM SPSS (version 25) software package.

RESULTS

Water quality assessment

The effects of AgNPs and cow dung con-
tamination on water quality characteristics
show microbial population was significantly
reduced in groups treated with AgNPs and
AgNPs-cow dung, but the microbial burden
was higher in control and cow dung (Table

1.

Table 1: Microbial population in water contaminated with AgNPs, cow dung and

AgNPs-cow dung

Control AoNPs Cow dung AoNPs-Cow dung

Microbial population

Bacillus spp. 1 1 3 0
Staphylococcus spp. 2 0 0 1
Escherichia coli 0 0 0 1
Kilebsiella spp. 0 0 1 0
Salmonella spp. 1 0 0 0
Aspergillus spp. 2 1 2 1
Fusarinm spp. 1 0 1 1
Total microbes 7 2 7 4
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Elemental contents of contaminated wa-
ter and ecological risk assessment

The metal contents in cow dung ranges
from low (Cr, Cd, Pb, Ni) to moderately
high (Fe and Cu) to high (K, Na, Ca, Mg)
(Table 2). The AgNPs solution mostly in-
cluded Ag and certain critical metals in trace
amounts, with no heavy metals present
(Table  2). Control and  AgNPs-
contaminated water contained significant
levels of important elements (Ca, K, Na,
Mg) and moderate levels of Fe, Ag, Cd, Pb,
Mn, and Cr. The Cd content in AgNPs-cow
dung, as well as Fe and Pb contents in both
cow dung and AgNPs-cow dung, were
above the permitted limits of 0.005, 0.3,
and 0.015 mgl.!, respectively (USEPA,
2018).

Elemental profile of C. gariepinus and
bealth risk assessment

Metal concentrations

The trend of metal contents in gills, muscle,
kidney and liver of C. gariepinus follows Na
>I<>Mg>Ca>F€>Al>Zn>Mn>

Cr> Cu> Ag> Ni > Pb > Cd > Co (Table
2). The degree of bioaccumulation of heavy
metals and silver in the gills of C. gariepinus
subjected to only water is as follows: Cu >
Pb > Ag > Mn > Ni > Zn > Fe > Cr, while
Co and Cd were not observed (Figure 3a). A
similar pattern was observed for these metals
in muscle. The degrees of bioaccumulation
obtained in the gills from AgNPs, cow dung
and AgNPs-cow dung follow the trend Fe >
Ni>Cd > Cu>Pb>Ag>Cr>Zn>Mn
> Co.

Comparable trends were found for AgNPs,
cow dung and AgNPs-cow dung bioaccumu-
lation in the muscle with the exception of Pb
that had highest degree in AgNPs, Cu in cow
dung and Cr in AgNPs-cow dung.

The trend for bioaccumulation of metals in
kidney and liver ranged as follows AgNPs >
control > AgNPs-cow dung > cow dung
following Ag > Fe > Mn > Pb > Ni > Cu >
Zn > Cr > Cd (Figure 3b). Metals like Cd
and Pb were not found in the kidney and
liver of control C. gariepinus.
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Figure 1a: Bioaccumulation factor of selected heavy metals in gills and muscle of C. gariepi-

nus exposed to AgNPs-cow dung polluted water

Dietary intake and health risks
Daily dietary intake of metals associated
with health risks via consumption of C.
gariepinus (Table 3) predominantly in terms
of high elemental contents follows AgNPs
> AgNPs-cow dung > cow dung > control.
Metals with high dietary contents in organs
were Mg, Fe, Al, Mn and Zn. All calculated
dietary intakes were lower than the allowa-
ble limits of different food organizations
reported by Chijioke ez al, (2020).
Non-carcinogenic risks estimated
with hazard index (HI) and target hazard
quotient (THQ) were lower than 1 for indi-
vidual and collective metals in all treatment
groups (Table 4). The contribution of met-
als to THQ follows Mg > Cr > Cd > Pb >
Ni > Fe > Cu > Zn > Al in all organs while

trend of HI ranges from cow dung >
AgNPs-cow dung > control > AgNPs ex-
cept in liver where AgNPs had higher HI
than control.

Carcinogenic risks evaluated with lifetime
cancer risk (LCR) were higher than the ac-
ceptable tolerable range between 10-6 and 10-
4 implying potential carcinogenicity from the
consumption of C. gariepinus even in the con-
trol (Table 5). The LCR of Pb and Cd were
within tolerable limit whereas Cr and Ni
were beyond the limit. The CR in gills and
liver follow control < cow dung < AgNPs <
AgNPs-cow dung, in kidney AgNPs < con-
trol < cow dung < AgNPs-cow dung and in
m
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The muscle CK activity increased in
AgNPs, Cow-Dung and AgNPs-Cow-Dung
groups (Figure 4). However, the increase

30 bc
o
= 20
R =L a ab
®=0
O
B ) i i
|
0 L
Control  AgMNPs Cow
dung

was only significant in the fish samples ex-
posed to cow dung as compared to the con-
trol (p < 0.05).

ab

AghPs +
Cow
dung

Figure 2: Creatinine kinase (CK) activity in muscle of C. gariepinus in the treated
groups. Values were expressed as mean * standard error of mean.
Different letters indicate significant difference at (p < 0.05)

Prevalence of gastrointestinal parasites
and bacterial isolates in C. gariepinus

The prevalence and intensity of gastrointes-
tinal parasites in the experimental C. gariepi-
nus show a reduction in the index of para-
sites determined as estimation of parasite
count before and after therapy in the stool
(Table 6). The reduction in the existing
prevalence and intensities of the parasite
was observed for 10 days. There was a
sharp reduction in the intensity rates after a
10-day exposure to contaminated water.
Trichuris muris was completely eliminated in
C. gariepinus exposed to AgNPs. Intensities
of Philometroides africanns and Capillaria aer-
ophila were reduced to 9 and 2 epg from 34
and 41.3 epg respectively (Table 6). All sam-
pled C. gariepinus had gastrointestinal para-
sites at the end of the 10-day treatments but
prevalence was observed to reduce accord-
ing to the species of parasite and the treat-

ment procedure (Table 6a). The highest re-
duction was recorded in AgNPs followed by
AgNPs-cow dung. Control and cow dung
treatments had the lowest reduction rates.
Overall, there was no significant difference
in the overall antiparasitic activities (p >

0.05).

In addition, a total of 35 bacterial isolates
were identified from the internal organs of
the C. gariepinus. These isolates range across
seven genera namely, Bacillus spp., Staphylococ-
cus spp., Escherichia coli, Klebsiella spp., Salmo-
nella spp., Pseudomonas spp., Streptococcus spp.
(Table 7). Considering organs treated with
AgNPs, bacteria colonization was reduced
compared to control and cow dung treated
groups. Klebsiella spp. and Escherichia coli were
not identified in C. gariepinus exposed to
AgNPs.
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DISCUSSION
The decrease in the microbial population in
AgNPs-contaminated water could be at-
tributed to AgNPs' antibacterial capabilities.
Fungi, bacteria, and parasites have all been
shown to be inhibited by AgNPs (Lateef ez
al., 2016a, 2016b; Turan ez al., 2019).

The diverse metal concentrations, contami-
nation factors, contamination degree, and
PLI in contaminated water, particularly in
cow dung and AgNPs-cow dung, indicate
that the treated water was exceedingly con-
taminated with heavy metals. Continuous
exposure of C. gariepinus to these sorts of
contaminated water may cause an imbalance
in the performance aquatic organisms, as
heavy metal exposure is clinically connected
with fish death and functional obstacles
(Tuncsoy, 2022). Furthermore, persistent
exposure to low levels of these metals may
change biochemical and haematological
markers in aquatic creatures (Adewumi and
Laniyan 2020; Amoakwah ez al, 2020,
Tabrez et al, 2021). The ecological conse-
quences of various contamination process-
es, as assessed by risk assessment, demon-
strate that cow dung posed the most harm-
ful ecological dangers under both the worst
and best conditions, while the control posed
no concern. The biggest threats were ac-
counted for by the Fe and Pb contents in all
treatment groups. The Pb posed a greater
threat to aquatic organisms and the envi-
ronment since it is known to disrupt the

immune system and key organs in fish
(Azeez et al., 2020; Chijioke e al., 2020).

The presence of non-essential elements and
their possible consumption through C.
gariepinus ingestion were both below sug-
gested limits. Heavy metals in control water
may be due to fish feeds, as it has already
been discovered that some metals are uti-

lized as supplements in commercial fish
meals (Chijioke ez al, 2020). Furthermore,
heavy metal contents in C. gariepinus organs
were lower than those reported by Khan ez
al., (2020) tor Oreochromis niloticus and Tabrez
et al., (2021) for Mystus vittatus, Mystus tengara,
and Mystus tengara. Although the bioaccumu-
lation of most non-essential metals was <1;
Pb, Cd, Cu, and Fe exhibited bioaccumula-
tion of approximately 1 in all organs, indicat-
ing the possibility of toxicities being induced
by exposure to metals (Islam e# @/, 2019; Chi-
jioke ez al., 2020). Recent studies have shown
that elevated Cu, Cd, Ct, Al, and Fe concen-
trations were toxic to Pampus chinensis, Oreo-
chromis niloticns, Mugil cephalus, Ctenopharyngodon
idella, Tenualosa toil, Catla catla, 1iga parsia, and
Hyporbamphus limbatus (Abdel-Khalek ez al.,
2016; Ahmed ef al, 2019; Khan ef al, 2020;
Shah ez al., 2020; Naz ez al,, 2021). Muscle has
the highest likelihood of bioaccumulation,
indicating that it might have suffered the
most negative effects from heavy metals.
This could be because it has lower metabolic
activity than the liver and kidney. Further-
more, this may be attributed to direct ad-
sorption on muscle tissues (Abdel-Khalek e#
al., 2016; Ahmed ez al., 2020; Tuncsoy, 2022).

For all metals of concern, estimated dietary
intake (EDI) was lower than the recom-
mended daily allowance (Islam ez a/, 2019;
Chijioke et al, 2020). Additionally, the possi-
bility of these metals playing roles in causing
non-carcinogenic risks was < 1, implying
that there is a low risk of health hazards
from consuming C. gariepinus exposed to vat-
ious treatments. Continuous consumption of
C. gariepinus exposed to varied treatments, on
the other hand, may offer substantial health
risks despite having lower toxicity as deter-
mined by the non-carcinogenic risk assess-
ment. The estimate of carcinogenic hazards
trom C. gariepinus consumption exposed to
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these treatments over a lifetime would con-
stitute a possible hazard if the findings as
obtained in this study are > 10-4. This could
be owing in part to high cancer slope factor
of Ni and the combined impacts of other
heavy metals, particularly Cr (Islam ez a,
2019; Azeez et al, 2020; Chijioke et al,
2020).

Creatinine kinase (CK) is one of the energy
-related factors that perform integrated ac-
tivities such as energy buffering, metabolic
capacity, energy management, and transfer,
all of which help to maintain appropriate
energy homeostasis (Paula ez a/, 2009).
Muscle CK activity increased in all experi-
mental groups in this study, but only the
Cow-D group was significant. This could be
due to an increase in energy needs for de-
toxification mechanisms needed to reduce
the impact of toxicants. The results of 7
vivo exposure of C. gariepinus to AgNPs
alone and AgNPs plus cow dung indicate
that the energy reserve was not significantly
affected. The energy need is determined by
the organism's state (Khan ¢z a/, 2016). This
work also suggests that the greatly en-
hanced CK activity found in C. gariepinus
exposed to cow dung may have disrupted
energy homeostasis, resulting in an urgent
need to maintain ATP and ionic gradient
concentrations to meet the energy need un-
der chemical stress.

At the end of the 10-day treatment, all of
the analyzed fish had gastrointestinal para-
sites, but the prevalence varied according to
parasite species and experimental group. C.
gariepinus subjected to AgNPs demonstrated
significant decrease, followed by the AgNPs
-cow dung group. The reduced incidence of
parasites in AgNPs was connected with
their antibacterial and antiparasitic charac-
teristics (Turan ez al, 2019; Lateef et al,

2020), but pond water deterioration by cow
dung had highest number of parasites which
is consistent with the results of Khan ¢ 4/,
(2018), Jena et al, (2020), and Behera and
Ray (2019). (2021). The reduction in the
population of bacteria isolated in the organs
of C. gariepinus exposed to AgNPs is con-
sistent with the findings of Geetha et al
(2014), who found that AgNPs were effec-
tive against Klebsiella, Escherichia coli, and other
bacterial species such as Pseudomonas fluores-
cence, Psendomonas aernginosa, Shigella flexaneri
and Proteus mirabilia. The high percentage of
bacteria collected from the gills could be due
to frequent contact with the aqueous envi-
ronment, and it has previously been noted

that the gill is known to house a large num-
ber of bacterial isolates (Meron e al., 2020).

CONCLUSION

This study described the pollution of water
by AgNPs and cow dung, as well as the ef-
fects on water quality. The trends of risk
quotients and the pollution load index are
influenced by AgNPs < AgNPs-cow dung <
cow dung. Contamination from these
sources significantly affected water quality,
according to risk quotients and ecological
disturbance. The presence of gastrointestinal
parasites and bacterial populations in C.
gariepinus organs was considerably reduced by
AgNPs. Cow manure, in particular, caused a
considerable shift in energy requirement in
C. gariepinus. As a result, using metal nano-
particles in everyday products and cow dung
as fertilizer should be done with prudence.
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