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ABSTRACT

Aims: The present study aimed to determine the growth indices of the Nile Tilapia, detected levels
of Cu, Pb, Zn, and Cr in muscles of Tilapia and expected the potential adverse human health risks
according to USEPA methodologies.

Study Design: The design of the study depended on the determination of the impact of the
drainage waste water on the fish quality, ecosystem health and human health.

Place and Duration of the Study: the study investigated five sampling sites, two sites in the
Torrent drainage channel and three sites on the Nile River during winter and summer seasons of
2014-2015 at Beni-Suef governorate in Egypt.

Methodology: Fish tissue samples were dried at 105°C for 6 hours, burned in a muffle furnace for
6 hours at 550°C, acid-digested, and diluted with deionized water to known volume using the dry-
ashing procedure. All the digested samples were analyzed by flame atomic absorption
spectrophotometer (Perkin-Elmer, Model 2380). Analytical blanks were run in the same way as the
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produced from the study area.

samples, and standard solutions were prepared in the same acid matrix.

Results: Metals were found to accumulate in fish muscles at the following order Zn> Cu> Cr> Pb.
Levels of Zn and Pb exceeded the permissible limits of the world health organization (WHO)
especially during summer season. The calculated hazard quotients for all the detected metals did
not pose unacceptable risks at both consumption rates, but the excessive and continuous
consumption of fish from the current sampling sites could induce cancer for habitual consumers.
Conclusion: The present study could be considered as a beginning for further investigations for
the health status of Nile River aquatic ecosystems and human populations feeding on fish

Keywords: Tilapia fish; Nile river; risk assessment.
1. INTRODUCTION

Metal Pollution of world aquatic ecosystems has
increased dramatically during the last few years
[1-3]. The whole course of the Nile receives
agricultural, domestic and industrial waste water
from both pointed and non-pointed polluted
sources. Such pollutants may explain the Nile
water quality deterioration in Egypt [4-8]. Metals
monitoring for both essential and non-essential
elements in aquatic ecosystems become crucial
because of their toxicity, non-degradable nature,
tendency to accumulate in different biota, and
their transmission throughout the food chain and
biomagnification in high trophic level organisms
[3,9,10,11].

Humans are exposed to metals via several
routes such as direct ingestion of contaminated
water or food, dermal contact, and inhalation of
fume and particles [12,13]. Continuous exposure
of living organisms and human beings to metals
and other toxic substances may cause the
decline of humans' health and aquatic ecosystem
status [14,15]. Risk assessment aims to quantify
the potential environmental hazards to human
health into a numerical value [8,14]. The
selection of a fish as a model for toxic risk
assessment is because fish provide a model of
exposure that is relevant to natural settings; also
the safety of the aquatic products has a great
concern recently [16-18]. Tilapia was identified
as a potential fish model for the present study to
determine the probability of inducing adverse
human health effects because of its high
production in the Middle East and North Africa
[19], its large tissue mass, its low price in relative
to other fish models, in addition to the wide
acceptance of the Egyptian consumers to tilapia

[7].

Several studies evaluated the concentration of
metals in fish tissues in Egypt [20-23]. Based on
literature review there are no studies referring to

the level of metals in muscle of tilapia collected
from the Torrent drainage channel that was
designed in 2007 at the eastern side of the Nile
at Beni-Suef governorate and nearby Nile River
sampling sites. The Torrent drainage channel
receives waste water from several sources, such
as the agricultural waste water, poultry and fish
farms wastes, the rubbish dump leachates, and
the diffused industrial and domestic waste water
[24,25]. The scarcity of studies related to the
human health risk assessment for fish
consumption in Egypt in general and the
absence of results related to the sampling sites
in the eastern side of the Nile necessitated the
present study. The current study aimed to (i)
determine the spatial and seasonal variations of
the growth indices of the Nile Tilapia, (ii) detect
levels of Cu, Pb, Zn, and Cr in muscles of Tilapia
and (iii) evaluate the contribution of the selected
metals to the expected adverse human health
risks by calculating the average daily exposure
dose (ADD), hazard quotient (HQ), hazard index
(HI), and cancer risk (CR) according to USEPA
methodologies.

2. MATERIALS AND METHODS
2.1 The Study Area

As seen in Fig. 1, the study area was subdivided
into five sampling sites (S4, Sy, S3, S4 and Ss),
where fish (Oreochromis niloticus) was exposed
to different metal levels and different
environmental conditions.

S,: represented the upstream point in the Nile
approximately 2.5 km before the Torrent
drainage channel destination at the Nile River, it
was expected to be exposed to less
contamination and represented the reference
site. It is located at global positioning system
(GPS) coordinates of N 29°03°.726"° and E
31°31°.0224"".



S, and S;: represented two points in the Torrent
drainage channel which its entire length 2.2 km,
where there are different sites for waste water
discharge into it. They are located at global
positioning system (GPS) coordinates of N
29°023°.1876"" and E 31°426°.8464"" for S,; and
N 29°038°.1852"" and E 31°359°.7564 " for S;.

S,4: represented the middle stream point at the
Nile where the drainage water from the Torrent
drainage channel was mixed with the Nile River
water. This site was exposed to different non-
pointed sources of contamination through
diffusion of industrial, agricultural and domestic
waste water, where there is no sewer system
around. It is located at global positioning system
(GPS) coordinates of N 29°055°.2744" and E
31°327°.9828"".

Ss: represented the downstream point at the Nile
that is located after approximately 2.1 km from
the Torrent drainage channel end at the Nile. It is
located at global positioning system (GPS)
coordinates of N 29°123°.2176° and E
31°341°.6844°".

2.2. Samples Collection

Fish specimens were collected from the five
sampling sites during winter season (December,
January and February) and summer season
(June, July and August) from 2014 to 2015. A
total number of 120 Oreochromis niloticus were
collected, where 12 fish specimen were caught
from every site for each season (4 fish
specimen/month). Fish were caught by the local
fishermen who used local traps, webs and
anglers for catching fish.

2.3 The Condition Factor (CF)

The condition factor was calculated according to
the equation (1) [26,27]:

Wx 100

3

cFr= L (1)

Where,

W is the weight of the total fish (gm), and
L is the total length of the fish (cm).

2.4 Samples Preparation and Laboratory
Analysis

Oreochromis niloticus specimens were freshly
dissected and their dorsal muscles were
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sampled, mixed, homogenized, and stored at
clean polyethylene vials at -20°C until their
analysis [28]. All glassware was acid-washed,
rinsed in deionized water, and air-dried for 12
hours prior to usage. Fish tissue samples were
dried at 105°C for 6 hours, burned in a muffle
furnace for 6 hours at 550°C, acid-digested, and
diluted with deionized water to known volume
using the dry-ashing procedure according to
Hseu [29]. All the digested samples were
analyzed by flame atomic  absorption
spectrophotometer (Perkin-Elmer, Model 2380)
according to APHA [30]. All used reagents were
analytical grade (Merck, Germany). Analytical
blanks were run in the same way as the samples,
and concentrations were determined using
standard solutions prepared in the same acid
matrix. Standards for instrument calibration were
prepared on the basis of mono-element certified
reference solution inductively coupled plasma
standard (Merck). Standard reference material
(National Institute of Standards and Technology
(NIST, USA) was used to validate analysis, and
the metals recoveries were between 90 and 110
%.

2.5 Metal Pollution Index (MPI)

MPI was calculated to indicate the total metal
load in fish muscles of collected specimens by
using equation (2) [31,32]

MPI = (M;xMoxMax....M,) " (2)
Where,

M, is the concentration of metal n (mg/kg dry wt.)
in the fish muscles.

2.6. Bioaccumulation Factor (BAF)

BAF was calculated by equation (3).

BAF= w (3)
Where,

C; is the metal concentration in fish muscles
(mg/kg) and

C. is the metal concentration in water (mg/l),
metals concentrations in water have been
taken from the results reported by Mahmoud et
al. [24].



2.7 Health Risk Assessment

The level of exposure to different metals through
ingestion of fish muscles is estimated by the
equation (4) [33,34]:

CxIRXEFxED

ADD= BWxAT (4)

Where,

ADD is the average daily exposure dose (mg/kg-
day) through ingestion of metal contaminated fish
muscles, C is the concentration of the measured
metal in the fish muscles (mg/kg dry wt.), IR is
the ingestion rate of fish muscles per day (0.0312
kg/day for normal adult, and 0.1424 kg/day for
habitual or subsistent fish consumers), EF is the
exposure frequency (365 days/year), ED is the
exposure duration (70 years), BW is the average
body weight (70 kg for normal adult), and AT is
the average life time (365 days x 70 years).

The risk assessment of non-carcinogenic
adverse effects was estimated by calculating the
hazard quotient (HQ) from the intake of metal
contaminated fish muscles, and it is expressed
by the ratio of ADD to the reference dose RfD of
each metal by the equation (5), when HQ= 1 the
consumers may be exposed to non- carcinogenic
adverse health effects [33,34]:

ADD

HQ= RfD (5)

Where,
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oral RfD (mg/kg-day) for Cu is (0.04),
Pb is (0.0035), Zn is (0.3), and
Cris (0.003) [35,36].

Hazard index (HI) is introduced to evaluate the
total potential for non-carcinogenic effects posed
by more than one pathway, which was the sum
of the HQs from all applicable pathway equations
(6). HI= 1 showed a potential for adverse effects
on human health:

2 HQ
Hi= 0 (6)

Cancer risk (CR) was also evaluated by using
equation (7) [33,37]. The range of carcinogenic
risks acceptable or tolerable by USEPA [36] is
1.0E-06.

ADD

CR= o (7)

Where, SF is the cancer slope factor (mg/kg-
day), the SF for Pb is (0.0085) and for Cr is (0.5)
the slope factor for Cu and Zn is not available
[35,36].

2.8 Statistical Analysis

Statistical tests were performed by using IBM
SPSS statistical package version 22. One way
analysis of variances (ANOVA) was used to
determine the spatial variations followed by the
Tukey test for the multiple comparisons between
the five sampling sites. Student t-test was used

Fig. 1. The five sampling sites in the eastern side of Beni-Suef governorate, Egypt



to determine the seasonal variations during
winter and summer seasons. Pearson correlation
analysis was used to evaluate the relationships
between fish body indices and metals
accumulation. All the results were expressed as
mean and standard deviation (M + SD). P< 0.05
was the accepted significance level.

3. RESULTS AND DISCUSSION

In the present study 120 Oreochromis niloticus
were collected from five sampling sites (S4, as a
reference study site; S, and S; representing the
Torrent drainage channel; S, where the drainage
mixes with the Nile River and Ss that lies
downstream of S;) to evaluate some growth
parameters and metal levels of the studied fish.
Collected data of metal concentration during
winter and summer seasons were used to
evaluate the hazard quotient (HQ), the hazard
index (HI) and the cancer risk (CR) as indicators
of human health risks and adverse health effects
associated with fish consumption.

3.1 The Body Indices

The body indices assessment is one of the
methods that is used to provide indication for the
degree of fithess and pollution load in aquatic
organisms and could be used as biomarkers for
adverse effect on fish [32]. Total weight (W), total
length (L), body length (BL) and body height (H)
of Tilapia fish collected from S; have a significant
increase at P< 0.01 when compared to their
relevant values of fish collected from the other
sampling sites during winter season as seen in
Table 1. The condition factor (CF) values of fish
collected from S, show significant higher values
at P< 0.05 when compared to the other study
sites during summer season. Seasonally,
significant higher values are noticed for W, L, BL,
and H of fish collected from the reference site
(S4) during winter season when compared to
their relevant values of fish collected during the
summer season. Similar seasonal variation is
noticed for L, BL, and H of fish collected from S;
during winter season that show significant higher
values at P< 0.05 when compared to those of
fish collected during summer season. CF values
of fish collected from S, and Sz during summer
season show a seasonal significant increase at
P< 0.05 when compared to their relevant values
of fish collected during the winter season. The
significant differences in the body indices of fish
collected from the Torrent drainage channel
could be explained by the exposure of fish to
higher residual levels of livestock food stuff from
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the surrounding poultry farms that is considered
as a source for the fish nutrition [24,25].

3.2 Metals concentration in Fish Muscles

The concentrations of metals in the muscles of
the tilapia and metal pollution index (MPI) during
winter and summer seasons are summarized in
table 2. Cu, Pb, Zn and Cr were detected in all
the samples. Mean concentrations of Cu, Pb, Zn
and Cr in the muscles of the tilapia during the
two seasons followed the order: Zn> Cu> Cr> Pb
except at S; which reveals the following order
Zn> Cr> Pb> Cu during summer season.

The average Cu values range from 0.292 to
5.823 mg/kg in the fish muscles collected from
the current sampling sites during winter and
summer seasons. The highest mean of Cu
(5.823 + 0.77 mg/kg) is recorded at S, during
summer season. Spatially, Cu concentrations in
fish muscles collected from S, show a significant
increase at P< 0.05 when compared with their
relevant values at the other sites during summer
season. At seasonal scale, Cu reveals a
significant increase in S; at P< 0.005 and in S, at
P< 0.05 during summer season. Cu
concentrations in the current sampling sites
during the two seasons are found to be below the
permissible limits (10 mg/day) [38, 39]. Cu range
in the present study is found to be almost similar
to Cu level (3.9 mg/kg) that was reported by
Osman and Kloas [20] along the whole course of
the Nile river at Egypt for Clarias gariepinus
muscles and less than Cu average (20 mg/kg)
that was reported by Lasheen et al. [1] in the
agricultural drains at the greater Cairo for
Oreochromis niloticus muscles. The
accumulation of copper in fish muscles at the
current sampling sites probably due to the
sewage and agricultural waste water diffusion
from the surrounding area, it may be due to Cu
addition as a nutrient in fertilizers and animal
feeds, or it could be due to the extensive
application of insecticides [40]. Cu®* and the Cu
hydroxyl soluble ions are found to be the more
toxic forms of Cu for fish [41]. Cu is associated
with  the total cholesterol which induce
cardiovascular disease risk risk factors in
children and adolescents [42].

The average Pb values range from 0.071 to
1.082 mg/kg in the fish muscles collected from
the present sampling sites. The highest mean of
Pb (1.082 + 0.077 mg/kg) is recorded at S,
during summer season. At spatial scale, Pb
shows a significant increase at P< 0.05 in Ss



when compared with its relevant value in S;
during winter season. Seasonally, Pb increase
significantly in S; at P< 0.05, S; at P< 0.01 and
S, at P< 0.05 The fish muscles collected from the
current sampling sites during the two seasons
show Pb concentrations above the permissible
limits (0.025 mg/day) of WHO [38]. Pb range in
the present study is within the range reported by
Abdel-Mohsen and Mahmoud [22] in the Nile
River at Egypt of (0.25 - 1.05 mg/kg) and higher
than Pb range reported by Bekheit [43] in the
White Nile at Sudan of (0.247 - 0.307 mg/kg). Pb
accumulation in fish muscles in the current
sampling sites could be attributed to air-borne
lead due to the fuels combustion. Moreover, the
excessive application of different types of
fertilizers especially in the desert reclaimed lands
may be another source of Pb contamination [44].
Pb is a neurotoxic to fish; it may cause persistent
behavioral defects [45].

The average Zn values range from 10.047 to
42.034 mg/kg in fish muscles collected during the
current study. The highest mean of Zn (42.034 +
0.71 mg/kg) is noticed at S, during summer
season. Spatially, Zn shows a significant
increase at P< 0.05 in S, when compared with
their relevant values at the other sites during
summer season. Seasonally, Zn shows a
significant increase in S; at P< 0.05, S, at P<
0.05 and S, at P< 0.01 during summer season.
All investigated Zn concentrations in fish muscles
during summer season show higher level over
the permissible limits (10-20 mg/day; 10-30
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mg/day) of WHO [38] and FAO/WHO [39]
respectively. During winter season, all Zn
concentrations in fish muscles in the five
sampling sites are below the permissible limits.
The observed Zn range is higher than its relevant
values (25.4 — 35.7 mg/kg) reported by Omar et
al. [32] in the Nile River at the greater Cairo in
Oreochromis niloticus muscles, and it is less than
its concentration range (13.51 — 69.8 mg/kg)
reported by Nacéra et al. [46] in Cyprinus carpio
muscles from Sidi Abdeli dam at Algeria. Zn
concentrations in the fish muscles in the current
study may be attributed to fertilizers and
pesticides application in the around agricultural
lands [47]. Fish take up Zn directly from water,
especially by mucous and gills, high
concentration of Zn can cause growth
retardation, respiratory and cardiac changes,
inhibition of spawning, and a multitude additional
detrimental effects which dramatically affect the
fish survival [45].

The average Cr values range from 0.162 to
1.451 mg/kg in the fish muscles collected from
the present sampling sites. The highest mean of
Cr (1.451 £ 0.35 mg/kg) is recorded in S3 during
summer season. Cr reveals a seasonal
significant increase in S; at P< 0.01, S; at P<
0.05 and S; at P< 0.0001 during summer
season. All Cr concentrations in the five sampling
sites during the two seasons are below
FAO/WHO [39] permissible limits (10 mg/day). Cr
range in the present study is higher than Cr
concentration range (0.009 - 0.05 mg/kg)

Table 1. Average values * standard deviation of total Weight (W), Total Length (L), Body
Length (BL), Body Height (H), and Condition Factor (CF) of Nile Tilapia fish collected from the
sampling sites (S; to Ss) during winter and summer seasons

S, S, S; S, Ss
W (gm)
w 725+ 15.6 63.1+7.5 103.8 +22.8 71.3+14.8 61.7 £ 21
S 42.7+11.3 66.7 + 8.2 72.5+33.7 60.8+ 27.5 54.8+17.2
L (cm)
w 15+ 1.2 14.8 £ 0.65 17.3+0.92 149+14 141+15
S 128+ 1.1 14.1+11 14.6+2.7 142422 13.8+1.9
BL (cm)
W 12.3+0.99 123+ 0.6 14.4 + 0.68 122+1.1 11.7+1.3
S 10.5+0.97 1151 11.97+23 11.5+1.6 11.3+14
H (cm)
w 56+0.6 48+0.4 57+0.6 54+0.3 52 +0.9
S 42+05 51104 49+04 51+1.1 48+0.8
CF
w 2.12+0.12 1.99 +0.29 1.97 £ 0.16 214+0.23 212+ 0.19
S 1.99+ 0.18 241+0.34 2.29+0.31 2.05+ 0.31 2.06 + 0.26

*, CF (unit less)



reported by Ibrahim and Omar [21] in the Nile
River at Assiut governorate in Clarias gariepinus
muscles, higher than Cr concentration range
(0.31 — 0.39 mg/kg) reported by Akan et al. [48]
in River Benue at Nigeria in Tilapia zilli muscles
and higher than Cr concentration (0.04 mg/kg)
reported by Squadrone et al. [49] in the Po river
at ltaly in Silurus glanis muscles. The toxicity
and associated health effects of Cr depend on its
chemical speciation, where Cr*" is an essential
nutrient metal, while Cr®* penetrates passively
the gill membranes of fish and concentrates at
higher levels in various organs and tissues [45,
50]. Many serious problems in fish as swimming
deficits, feeding disruption, fin ray erosion,
ulcerations, and death may appear due to Cr
exposure [22]. Cr levels detected in the current
study may be a result of the intensive use of
fertilizers and manure of the livestock in the
surrounding agricultural areas [51].

Metal pollution index (MPI) was used to simplify
the metal load in fish muscles in one value for
each site during each season. The sequence of
MPI for the sampling sites follows the order: Ss>
S3> S,> S4> Sy during winter season and S;>
S3> S,> Ss5> S, during summer season as shown
in table 2. MPI clarifies that the most
contaminated fish muscles were collected from
S5 during winter season and S, during summer
season, This could be explained by the additive
effect of the wastes received from the Torrent
drainage channel (S, and S;) and other
contaminated non-pointed sources as the fish
ponds in the Nile or the sewage discharge from
the surrounding human population on the water
quality of the upstream site S, before it reaches
S, and Ss. Mahmoud et al. [24], [25] reported
metals concentrations in the same five sampling
sites during winter and summer seasons, and
they found that the Torrent drainage channel (S,
and S3) showed higher values of salinity than the
Nile River sites (S, and Ss). Salinity and total
dissolved solids in the Torrent drainage channel
may affect the metals bioavailability for fish and
reduce its accumulation in their tissues. Also
cations are assumed to reduce toxicity in fish by
competing with toxic metal ions for binding sites
on gills or other biological surfaces [52].

3.3 Bioaccumulation Factor (BAF)

BAF was calculated as the ratio between the
metal concentrations in fish muscles to the metal
concentrations in water. The calculated BAF
results are represented in table 3. The results
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show that all metals have BAF> 1 during winter
and summer seasons, meaning that all metals
are bio accumulated in the fish muscles. The
highest BAF values are obtained for Cu (85.632)
at Sy, for Pb (23.773) at S,, for Zn (1161.914) at
S4, and for Cr (131.909) at S; during summer
season. All BAF values in the sampling sites
during summer season show higher values than
those recorded values in winter season except
for Cr at S5 and for Cu at S;, S; and Ss. Those
findings are matching with the metals
accumulation increase in fish muscles at the high
mountain lakes and arctic lakes due to the
climate change and temperature increase [53].
Ibrahim and Omar [21] reported that the levels of
metals in muscles tissues from the Nile at Assuit
governorate increased  significantly  during
summer season, due to the increase of
temperature and fish metabolism. Yancheva et
al. [54] in Topolnitsa reservoir of Bulgaria found
that the increase in temperature lead to increase
in toxicant accumulation in fish tissues, as it
accelerates the cross of it through the biological
membranes.

3.4 Correlation Analysis

The Pearson correlation coefficients between
metals concentrations in the fish muscles and the
body indices of the sampled fish during winter
and summer seasons are shown in table 4.
During winter season, there are positive
correlations between W/L (r = 0.982, P< 0.001),
BL/W (r = 0.972, P< 0.01), L/BL (r = 0.996, P<
0.01), Cu/Pb (r = 0.910, P< 0.01), Cu/Zn (r =
0.934, P< 0.01), Cu/Cr (r = 0.918, P< 0.01) and
Pb/Cr (r = 0.962, P< 0.01). During summer
season, there are positive correlations between
WI/L (r = 0.960, P< 0.01), BL/W (r = 0.976, P<
0.01), L/BL (r = 0.994, P< 0.01), H/Cu (r = 0.898,
P< 0.05), and Cu/Pb (r = 0.969, P< 0.01).
Pearson correlation coefficients indicate that
there are no relations between metals
bioaccumulation in the fish muscles from the
current sampling sites and the fish body indices.
There are other factors as temperature and metal
bioavailability = that may affect metals
accumulations in the fish muscles. The positive
correlation between W, L and BL during winter
and summer seasons confirmed the relationship
between growth and weight. The positive
correlation between different metals accumulated
in the fish muscles may indicate that they
originate from the same sources and have the
tendency to bio accumulate together.
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Table 2. Average values (+SD) of selected metals and metal Pollution Index (MPI) for fish
muscles samples (mg/kg dry weight) collected from different study sites (S; to S;) during
winter and summer seasons

S, S, S; S, Ss
Cu
w 0.991 +0.47 1.529 +0.34 1.625+0.1 1.034 +1.36 2.138 +0.22
S 0.292 +0.018 3.798 £1.65 3.934 +0.066 5.823 +0.77 2.032+0.13
Pb
w 0.071 £ 0.006 0.093 £0.034 0.193 £0.015 0.095 +£0.03 0.286 £ 0.10
S 0.417 £ 0.035 0.737 +0.39 0.921+0.034 1.082 +0.077 0.551+0.14
Zn
w 10.047 £6.78 14.575 £2 .47 12.601 £8.11 11.472 £2.87 17.403 £6.34
S 40.667 £3.42 34.831 £0.13 30.982 +2.66 42.034 £0.71 35.678 + 2.656
Cr
w 0.169 + 0.04 0.185+0.013 0.228 +0.022 0.162 +0.013 0.364 + 0.24
S 1.007 £ 0.031 0.742 + 0.57 1.451 + 0.35 1.216 £0.025 0.573 + 0.047
MPI
W 0.588 0.787 0.974 0.654 1.403
S 1.494 2.916 3.572 4.236 2.187

Table 3. BAFs of metals concentrations in fish muscles samples collected from the sampling
sites (S4 to Ss) during winter and summer seasons

S1 S2 S3 S4 S5

Cu
w 70.785 30.58 65.00 7.282 54.821
S 2.374 52.027 64.492 85.632 26.737
Pb
W 5.071 1.1148 6.893 2.317 7.333
S 9.929 23.773 17.377 14.427 8.348
Zn
W 197 51.502 69.236 10.307 457.974
S 1161.914 916.605 573.741 764.255 615.138

r
W 18.777 5.968 14.25 5.226 24.267
S 62.938 14.84 131.909 28.279 16.371

3.5 Human Health Risk Assessment

The values of hazard quotient (HQ), hazard
index (HI), and cancer risk (CR) are calculated
for the five sampling sites for normal and habitual
fish consumers during winter and summer
seasons (table 5 and 6). The calculated HQs for
the four metals during the two studied seasons
are lower than 1.0 at the two ingestion rates. The
highest HQs values are recorded at S, for the
habitual consumers during summer season with
values of 0.2961 for Cu, 0.6289 for Pb and 0.285
for Zn. The only exception is recorded for Cr
which shows its highest HQ at S; 0.9839. HI for
the four metals was less than 1.0 at the five
sampling sites for normal consumers during
winter and summer seasons and for habitual

consumers during winter season. HI for all
sampling sites are higher than 1.0 for the
habitual consumers during summer season. CRs
for Pb and Cr are higher than unity 1.0E-06 in the
five sampling sites for both normal and habitual
consumers during winter and summer seasons.
Health risk assessment for the four metals at the
five sampling sites indicates that the habitual
consumers may be exposed to non-carcinogenic
adverse health effects due to the fish muscles
intensive consumption during summer season
(Table 5). CR calculations indicate that excessive
consumption of fish over a long period of time
from the studied sampling sites may induce
carcinogenic adverse health effects for both
normal and habitual fish consumers as shown in
Table 6.
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Table 4. Pearson correlation coefficients between weight (W), length (L), body length (BL),
height (H), condition factor (CF), Cu, Pb, Zn, and Cr, winter season is below the diagonal and
summer season is above the diagonal

w L BL H CF Cu Pb Zn Cr
w 1 0.960° 0.976  0.820 0.805 0.744 0736  -0.689  0.381

L 0.982" 1 0.994° 0876 0.623 0.832 0.826  -0.575 0.380

BL 0.972" 0996 1 0.832 0.647 0.770 0.773  -0.655 0.380

H 0728 0.601 0556 1 0.587  0.898 0.787  -0.289  0.055
CF 0539 -0669 -0.719 0.150 1 0.375 0.303  -0.728  0.047

Cu -0.072 -0.090 -0.011 -0.326 -0.270 1 0.969° -0.044 0.412

Pb 0.081 -0.009 0.046 0026 -0.026 0.910 1 -0.061  0.617

Zn -0.384 -0.379 -0.303 -0.602 -0.127 0.934 0782 1 -0.075
Cr -0.161 -0.346 -0.188 -0.126 0.096 0.918 0.962° 0.848 1

*. Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

Table 5. Hazard Quotients (HQs) and Hazard Indices (HIs) of fish consumption for both normal
and habitual consumers from the current sampling sites (S, to S;) during winter and summer

seasons

HQ S1 S2 S3 S4 S5

Cu

W N 0.011 0.017 0.0181 0.0115 0.0238
H 0.0504 0.0778 0.0826 0.0526 0.1087

S N 0.0033 0.0423 0.0438 0.0644 0.0226
H 0.0149 0.1932 0.2001 0.2961 0.1033

Pb

W N 0.00904 0.0118 0.0246 0.0121 0.0364
H 0.04127 0.0541 0.1122 0.0552 0.1662

S N 0.0531 0.0939 0.1173 0.1378 0.0701
H 0.2424 0.4284 0.5353 0.6289 0.3203

Zn

W N 0.0149 0.0216 0.0187 0.017 0.0258
H 0.0681 0.0988 0.0854 0.0778 0.118

S N 0.0604 0.0517 0.0460 0.0625 0.053
H 0.2758 0.2362 0.2101 0.285 0.2419

Cr

W N 0.0251 0.0275 0.0339 0.0241 0.0541
H 0.1146 0.1254 0.1546 0.1099 0.2468

S N 0.1496 0.1102 0.2156 0.1807 0.0851
H 0.6828 0.5031 0.9839 0.8246 0.3885

HI

w N 0.06004 0.0779 0.0953 0.0647 0.1401
H 0.27437 0.3561 0.4348 0.2955 0.6397

S N 0.2664 0.2981 0.4227 0.3746 0.2308
H 1.2159 1.3609 1.9294 2.0346 1.054

N, the normal fish consumers with ingestion rate (0.0312 kg/day); H, the habitual fish consumers with ingestion
rate (0.1424 kg/day); W, winter season; S, summer season
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Table 6. Cancer Risks (CRs) of the ingestion of Pb and Cr contaminated fish muscles for both
normal and habitual consumers from the current sampling sites (S; to S;) during winter and
summer seasons

S1 S2 S3 S4 S5
Pb
w N 3.8E-3 4.8E-3 1.0E-2 4.9E-3 1.5E-2
H 1.6E-2 2.2E-2 4.6E-2 2.3E-2 6.8E-2
S N 2.2E-2 3.9E-2 4.8E-2 5.7E-2 2.9E-2
H 9.9E-2 1.8E-1 2.2E-1 2.6E-1 1.3E-1
Cr
w N 1.5E-4 1.6E-4 2.0E-4 14E-4 3.2E-4
H 6.9E-4 7.5E-4 9.3E-4 6.6E-4 1.5E-3
S N 8.9E-4 6.6E-4 1.3E-3 1.1E-3 5.1E-4
H 4.1E-3 3.0E-3 5.9E-3 4.9E-3 2.3E-3

N, the normal fish consumers with ingestion rate (0.0312 kg/day); H, the habitual fish consumers with ingestion
rate (0.1424 kg/day); W, winter season; S, summer season

4. CONCLUSION

The effect of different types of waste water on
metal load of tilapia fish muscles through all the
sampling sites during the two seasons was clear
and proved by calculating MPI, BAF, HQ, and HI.
At the current study, tilapia fish accumulated
some metals as Pb and Zn at concentrations
more than the permissible limits especially in
summer season. MPl shows that the most
contaminated fish found to be in Ss during winter
season and S, during summer season. Despite
the low expected public health impacts caused
by the consumption of each metal separately,
metals concentration in fish muscles collectively
may lead to human adverse health effects
especially on the habitual consumers. People
consumed fish collected from the sampling sites
chronically found to be under the cancer risk.
The cumulative risk of metals and their impacts
gave an alarming sign for the importance of
assessment surveys for different water bodies
and for the current study area.

ETHICAL APPROVAL

As per international standard or university
standard written ethical approval has been
collected and preserved by the author(s).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

10

REFERENCES

1.

Lasheen MR, Abdel-Gawad FKh, Alaneny
AA, Abd ElI bary HMH. Fish as bio
indicators in aquatic environmental
pollution assessment: A case study in Abu-
Rawash Area, Egypt. World Applied
Sciences Journal. 2012;19(2):265-275.
Inayat I, Batool Al, Rehman MF, Ali NHNA,
Jabeen SH. Seasonal bioaccumulation of
heavy metals in the right and left gills of
edible fishes. World Journal of Fish and
Marine Sciences. 2014;6(2):195-200.

Bi B, Liu X, Guo X, Lu Sh. Occurrence and
risk assessment of heavy metals in water,
sediment, and fish from Dongting Lake,

China.  Environmental Science and
Pollution Research. 2018;25:34076—
34090.

El Kashouty M, ElISayed E. The
hydrochemical characteristics and
evolution of groundwater and surface

water in the western part of the River Nile,
El Minia district, Upper Egypt. International
Conference, Transboundary Aquifers:
Challenges and New Directions; 2010.
Elewa AMT, El Sayed E, El Kashouty M,
Morsi M. Quantitative study of surface and
groundwater systems in the western Part
of the River Nile, Minia Governorate,
Upper Egypt: Water Quality in Relation to
Anthropogenic Activities. Greener Journal
of Physical Sciences. 2013;3(6):212-228.
Shamrukh M, Abdel-Wahab A. Chapter 2,
Water Pollution and Riverbank Filtration for



10.

11.

12.

13.

14.

15.

Water Supply along River Nile, Egypt;
2011.

Omar WA, Mahmoud HM. Risk
assessment of polychlorinated biphenyls
(PCBs) and trace metals in River Nile up-
and downstream of a densely populated
area. Environ Geochem Health; 2016.
DOI:10.1007/s10653-016-9814-4.

Omar WA, Mahmoud HM. Risk
assessment of polychlorinated biphenyls
(PCBs) and trace metals in River Nile up-
and downstream of a densely populated
area. Environ Geochem Health; 2016.
DOI:10.1007/s10653-016-9814-4.

Alex E, Ezemonye, Lawrence |, Adibeli,
Frances. Heavy metal concentrations in
surface water and bioaccumulation in fish
(clarias gariepinus) of river Owan, Edo

State, Nigeria. European International
Journal of Science and Technology.
2013;2(7).

Zhuang P, Li Z, McBride MB, Zou B, Wang
G. Health risk assessment for consumption
of fish originating from ponds near
Dabaoshan mine, South China. Environ
Sci Pollut Res; 2013.

Sunjog K, Kolarevi¢ S, Kolarevi¢ MK, Jefti¢
ZV, Gaci¢ Z. Seasonal variation in metal
concentration in various tissues of the
European chub (Squalius cephalus L.).
Environmental Science and Pollution
Research; 2019.

Naveedullah, Hashmi MZ, Yu C, Shen H,
Duan D, Shen C, Lou L, Chen Y.
Concentrations and Human Health Risk
Assessment of Selected Heavy Metals in
Surface Water of the Siling Reservoir
Watershed in Zhejiang Province, China.
Pol. J. Environ. Stud. 2013;23(3):801-811.
Zhang JL, Fang L, Song JY, Luo X, Fu KD,
Chen LQ. Health risk assessment of heavy
metals in Cyprinus carpio (Cyprinidae)
from the upper Mekong River.
Environmental Science and Pollution
Research; 2019.

Yi Y, Tang C)Yi T, Yang Z, Zhang Sh.
Health risk assessment of heavy metals in
fish and accumulation patterns in food web
in the upper Yangtze River, China.
Ecotoxicology and Environmental Safety.
2017;145:295-302.

Hossain MB, Ahmed ASSh, Sarker Shl.
Human health risks of Hg, As, Mn, and Cr
through consumption of fish, Ticto barb
(Puntius ticto) from a tropical river,
Bangladesh. Environmental Science and

Mabrook et al.; AUFAR, 2(4): 1-13, 2018; Article no.AJFAR.47556

11

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pollution Research. 2018;25:31727—
31736.
Anderson DP, Zeeman MG.

Immunotoxicology in fish. In G. M. Rand
(Ed.), Fundamentals of aquatic toxicology:
Effects, environmental fate, and risk
assessment. London: Taylor and Francis.
1995;2:371-404.

Ostrander GK. Techniques in aquatic
toxicology (p. 185). New York: Lewis
Publishers; 1996.

Fang T, Lu W, Li J, Zhao X, Yang K.
Levels and risk assessment of metals in
sediment and fish from Chaohu Lake,
Anhui Province, China. Environmental
Science and Pollution Research. 2017;24:
15390-15400.

FAO (Food and Agriculture Organization of
the United Nations). Fisheries and
aquaculture information statistics service;
2010.
Available:http://www.fao.org/docrep/013/i1
8901/i1890t.pdf

Osman AGM, Kloas W. Water quality and
heavy metals monitoring in water,
sediments, and tissues of the African
Catfish Clarias gariepinus (Burchell, 1822)
from the River Nile, Egypt. Journal of
Environmental Protection. 2010;1:389-400.
Iborahim  ATA, Omar HM. Seasonal
variations of heavy metals accumulation in
muscles of the African catfish Clarias
gariepinus and in river Nile water and
sediments at Assiut governorate, Egypt.
Journal of Biology and Earth Science.
2013;3(2):236-248.

Abdel-Mohsien HS, Mahmoud MAM.
Accumulation of Some Heavy Metals in
Oreochromis niloticus from the Nile in
Egypt: Potential Hazards to Fish and
Consumers. Journal of Environmental
Protection. 2015;6:1003-1013.

Khallaf EA, Authman MMN, Alne-na-ei AA.
Contamination and Ecological Hazard
Assessment of Heavy Metals in
Freshwater Sediments and Oreochromis
niloticus (Linnaeus, 1758) Fish Muscles in
a Nile River Canal in Egypt. Environmental
Science and Pollution Research.
2018;25:13796-13812.

Mahmoud HM, Hamouda AS, Nassar
HFM, Mabrook F. Spatio-temporal
Variation and health risk assessment of
selected metals in Nile River Water, Beni-
Suef Governorate- Egypt. RJPBCS.
2016;7(5):2555-2567.



25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

Mahmoud HM, Nassar HFM, Hamouda
AS, Mabrook F. Ecological risk
assessment of metals contaminated
sediments from the Nile River at Beni-Suef
governorate, Egypt. Journal of Applied Life
Sciences International. 2017;14(1):1-11.
Froese R. Cube law, condition factor and
weight—length relationships: history, meta-
analysis and recommendations. J. Appl.
Ichthyol. 2006;22:241-253.

Masoud MS, EL-Samra MI, EL-Sadawy
MM. Heavy-metal distribution and risk
assessment of sediment and fish from El-
Mex Bay, Alexandria, Egypt. Chemistry
and Ecology. 2017;23(3):201-216.

USEPA (US Environmental Protection
Agency). Guidance for assessing chemical
contaminant data for use in fish advisories,
volume1, fish sampling and analysis, third
edition. Office of Science and Technology,
Office of Water, EPA 823-B-00-007.
Washington, DC; 2000.

Hseu ZY. Evaluating heavy metal contents
in nine composts using four digestion
methods. Science direct, Bioresource
Technology. 2004;95:53-59.

APHA (American Public Health
Association). Standard methods for the
examination of water and wastewater.
American Water Works Association, New
York; 2005.

Usero J, Gonz E, alez-Regalado, Gracia |.
Trace metals in the bivalve mollusks
Ruditapes decussatus and Ruditapes
philippinarum from the Atlantic Coast of
Southern Spain. Environment International.
1997;23(3):291-298.

Omar WA, Mikhail WZA, Abdo HM, Abou
El Defan TA, Poraas MM. Ecological risk
assessment of metal pollution along
greater Cairo Sector of the River Nile,
Egypt, Using Nile Tilapia, Oreochromis
niloticus, as Bioindicator. Hindawi
Publishing  Corporation.  Journal  of
Toxicology. 2015;1-11.

USEPA (US Environmental Protection
Agency). Risk Assessment Guidance for

Superfund, volume |, Human Health
Evaluation Manual (Part A).Office of
Emergency and Remedial Response.
EPA/540/1-89/002.USEPA, Washington,
DC; 1989.

USEPA (US Environmental Protection

Agency). Guidance for assessing chemical
contaminant data for use in fish advisories,
Volume 2, Risk Assessment and Fish
Consumption Limits, Third Edition. Office

Mabrook et al.; AUFAR, 2(4): 1-13, 2018; Article no.AJFAR.47556

12

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

of water, EPA 823-B-00-008. USEPA,
Washington, DC. 2000.

IRIS (Integrated Risk Information System,
USEPA); 2018.
Available:https://cfpub.epa.gov/ncealiris_dr
afts/AtoZ.cfm.

USEPA (US Environmental Protection
Agency). Regional screening level
summery table.
Available:https://www.epa.gov/risk/regional
-screening-levels-rsls-generic-tables-may-
2016.

USEPA (US Environmental Protection
Agency). Guideline for Carcinogen Risk
Assessment, Risk Assessment Forum.
EPA/630/P-03/001B. Washington, DC;
2005.

WHO (World Health  Organization).
Guidelines for Drinking Water Quality,
Fourth Edition, ISBN 978 92 4 154815 1,
Geneva; 2011.

FAO/WHO  (Food and  Agriculture
Organization of the United Nations/World
Health  Organization). A model for
establishing upper levels of intake for
nutrients  and related substances.
FAO/WHO Nutrient Risk Assessment
Workshop, May 2-6, 2005, WHO
Headquarters, Geneva; 2006.

Azevedo JS, Hortellani MA, Sarkis JES.
Accumulation and distribution of metals in
the tissues of two catfish species from
cananéia and santos-saovicente estuaries.
Brazilian Journal of Oceanography.
2012;60(4):463-472.

WHO (World Health Organization). Copper
in Drinking-water, Background document
for development of WHO, Guidelines for
Drinking-water Quality.
WHO/SDE/WSH/03.04/88. Geneva. 2004.
Zang X, Huang H, Zhuang Z, Chen R, Xie
Z, Xu Ch, Mo x. The association between
serum  copper  concentrations  and
cardiovascular disease risk factors in
children and adolescents in NHANES.
Environmental Science and Pollution
Research; 2018.

Bakhiet HHA. Determination of Heavy
Metals in Fish Tissues and Water from
White Nile Khartoum City — Sudan. Journal
of Environment Protection and Sustainable
Development. 2015;1(3):178-181.

WHO (World Health Organization). Lead in
Drinking-water, Background document for
development of WHO, Guidelines for
Drinking-water Quality.



45.

46.

47.

48.

49.

50.

WHO/SDE/WSH/03.04/09/Rev/1.
2011.

Authman MMN, Zaki MS, Khallaf EA,
Abbas HH. Use of fish as bio-indicator of
the effects of heavy metals pollution.
Aquaculture Research and Development.
2015;6(4).

Nacéra DY, Zineb D. Seasonal variations
of some heavy metals in common carp
(Cyprinus carpio L., 1758) collected from
El Izdihar Dam of SidiAbdelli (tlemcen) in
North-Western ~ Algeria.  Annals  of
Biological Research. 2003;4(1):232-237.
WHO (World Health Organization). Zinc in
Drinking-water, Background document for
development of WHO, Guidelines for
Drinking-water Quality.
WHO/SDE/WSH/03.04/17. Geneva. 2003.
Akan JC, Mohmoud S, Yikala BS,
Ogugbuaja VO. Bioaccumulation of some
heavy metals in fish samples from River
Benue in Vinikilang, Adamawa State,
Nigeria. American Journal of Analytical
Chemistry. 2012;3:727-736.

Squadrone S, Prearo M, Brizio P, Gavinelli
S, Pellegrino M, Scanzio T, Guarise S,
Benedetto A, Abete MC. Heavy metals
distribution in muscle, liver, kidney and gill
of European catfish (Silurus glanis) from
Italian Rivers. Chemosphere; 2012.

WHO (World Health  Organization).
Chromium in Drinking-water, Background

Geneva.

Mabrook et al.; AUFAR, 2(4): 1-13, 2018; Article no.AJFAR.47556

51.

52.

53.

54.

document for development of WHO,
Guidelines for Drinking-water Quality,
WHO/SDE/WSH/03.04/04. Geneva; 2003.
Qiu H. Studies on the Potential Ecological
Risk and Homology Correlation of Heavy
Metal in the Surface Soil. Journal of
Agricultural Science; 2010.

Ridel H, Muiiz CD, Garelick H, Kandile
NG, Miller BW, Munoz LP, Peijnenburg
WJGM, Purchase D, Shevah Y, Sprang
PV, Vijver M, Vink JPM. Consideration of
the bioavailability of metal/metalloid
species in freshwaters: Experiences
regarding the implementation of biotic
ligand model-based approaches in risk
assessment frameworks. Environ Sci
Pollut Res. 2015;22:7405-7421.

KOck G, Muir D. Climate Change and
Arctic Sustainable Development: scientific,
social, cultural and educational challenges.
Working group “Biodiversity and
ecosystem services". UNESCO
International Experts Meeting, Monacoo;
2009.

Yancheva V, Stoyanova S, Velcheva I,
Petrova S, Georgieva E. Metal
bioaccumulation in common carp and rudd
from the Topolnitsa reservoir, Bulgaria.
Arh Hig Rada Toksikol. 2014;65:57-66.

© 2018 Mabrook et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www. sdiarticle3.com/review-history/47556

13



