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Abstract

Background: Burullus Lake has received a great attention because of its environmental and economic importance
for being a significant source of fish production in Egypt. It is subjected to many of environmental changes due to
the huge amount of discharges originated from different sources as well as many human activities. The Nile tilapia
(Oreochromis niloticus) is an abundant sedentary fish present in the most Egyptian lakes, Nile River, and ponds. The
study was designed to evaluate some metal pollution in Burullus Lake.

Results: The values of heavy metals (Mn, Zn, Fe, Ni, Cu, and Pb) were measured in lake water and muscles of O.
niloticus fish during winter and summer 2014. Water samples were collected from six sampling sites, while fish
samples were collected from the three sectors (eastern, middle, and western) of the lake. The mean values of heavy
metals (Mn, Zn, Fe, Ni, Cu, and Pb) in surface water of Burullus Lake during winter and summer for the year 2014
were 1.09, 10.50, 29.38, 6.87, 2.05, and 5.98 μg/L, respectively, whereas the annual means of heavy metals (Mn, Zn,
Fe, Ni, Cu, and Pb) in the muscles of O. niloticus fish were 0.68, 4.70, 10.62, 0.52, 0.39, and 0.46 μg/g wet wt., respectively.

Conclusions: In lake water, Mn was the lowest concentration of the six sampling sites, while Fe was the highest
concentration, whereas in fish muscles, Cu recorded the lowest concentration of the three sectors, while Fe was the
highest concentration. The southern part of Burullus Lake had the highest heavy metal values as it influenced by the
discharge of massive amounts of domestic sewage as well as agricultural and industrial effluents. The accumulation of
heavy metals in fish muscles of the three sectors showed different patterns. Generally, the values of metals in the fish
muscles were accepted by the international legislation limits and are safe for human consumption.
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Background
Heavy metals have received considerable attention due to
their toxicity, long-term persistence, bioaccumulation, and
bio-magnification at various trophic levels (Ololade et al.,
2008). Distribution of heavy metals in water, sediments,
and organisms used to assess the contamination degree of
the aquatic environment.
Fish are at a higher level of the food chain, and they are

widely used to biologically monitor the degree of metal
pollution in aquatic ecosystems (Al-SayeghPetkovšek et
al., 2012), as fish may concentrate large amounts of some
metals from the water (Daviglus et al., 2002). Toxic

elemental contaminants are transferred into human me-
tabolism through consumption of contaminated fish that
leads to serious deterioration of human health status
(Alinnor and Obiji, 2010). Therefore, they are highly toxic
for consumers when exceeding the recommended safety
concentrations (Basiony, 2014).
The contamination of water bodies in the Egyptian Nile

Delta by metals is caused by the discharge of massive
amounts of domestic sewage as well as agricultural and in-
dustrial effluents (Alne-na-ei, 2003). The Nile tilapia
(Oreochromis niloticus) is an abundant sedentary fish
present in the most Egyptian lakes, Nile River, and ponds.
In addition, it is used as bio-indicator species in under-
standing environmental pollution (Firat and Kargin, 2010).
Burullus Lake is the second largest coastal lake in

Egypt. It has received a great attention because of its
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environmental and economic importance for being a sig-
nificant source of fish production in Egypt. It is suffering
from changes in water quality that resulted from the high
load of effluents discharged directly into it (Darwish, 2011).
The study was designed to evaluate some metal pollu-

tion in Burullus Lake. The values of heavy metals (Mn,
Zn, Fe, Ni, Cu, and Pb) were measured in lake water and
muscles of fish (Oreochromis niloticus) during winter
and summer 2014. Therefore, this will provide effective
monitoring of both environmental quality and the health
of the organisms that inhabiting the lake ecosystem.

Methods
Study area
Burullus Lake is situated in a middle locus between the
two branches of the Nile that forms the Delta. It extends
between 30° 22′–31° 35′ N and 30° 33′–31° 08′ E. It con-
nects to the sea through a narrow strait called Al-burg in-
let or Boughaz El-Burullus at its northeast side. The lake
is separated from the sea by a narrow coastal strip covered
by sand sheets and sand dunes. It receives about 4.1 bil-
lion m3 drainage water annually through a system of eight
drains, namely, West El-Burullus, Gharbia Drain, El-
Khashaah Drain, Tirrah Drain, Drain No. 7, Drain No. 8,
Drain No. 9, El-Hoks Drain, and Brinbal Freshwater Canal
(EMI, 2012). Agricultural lands encompass the southern
and eastern fringes of the lake (Fig. 1).

Sampling protocol
Surface water samples were collected during winter and
summer for the year 2014 from six sampling sites, two
samples of each, distributed over Burullus Lake (Table 1).

The samples were collected 20 cm below the water sur-
face by dipping the acid-washed polyethylene bottle into
the lake from a row boat. Collected water samples were
transferred to the lab for heavy metal determination
keeping in ice box.
Fish samples (5–8 specimens with a length of about 15

± 2 cm) were collected from the three sectors (eastern,
middle, and western) of the lake. Nile tilapia (Oreochromis
niloticus) was collected fresh from the local fishermen
during the same period of water sampling. After transfer-
ring to the lab, fish were dissected freshly to obtain the
muscles and then frozen until analysis.

Determination of heavy metals in water and fish samples
Water samples were filtered using 0.45-μm membrane fil-
ters (APHA, 1999).The filtrate water samples were pre-
concentrated individually with APDC (ammonium pyr-
rolidine di-thiocarbamate)-MIBK (methyl isobutyl ketone)
extraction procedure. In fish samples, muscles were taken
separately from each individual, weighted, and analyzed
according to Schuhmacher and Domingo (1996).The
values of Mn, Zn, Fe, Cu, Ni, and Pb were measured using
flame atomic absorption spectrophotometer (AAS; Perki-
nElmer Analyst 100).The results of water samples were
expressed as μg/L while the results of fish samples were
expressed as μg/g wet wt.

Bioconcentration factor (BCF) estimations
Bioconcentration is a situation in which the levels of a pol-
lutant in an organism exceed the levels of that in the sur-
rounding environment. Bioconcentration factors (BCFs)
are defined as the ratio of the steady-state metal ion

Fig. 1 Map of Burullus Lake showing the sampling sites
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concentrations in the fish tissue vs the concentration in
water/sediments (Orata and Birgen, 2016). The higher the
ratio, the more severe the bioconcentration of pollutants, in
this study, the heavy metal level in fish. The BCFs were cal-
culated using the following equation (Gobas et al., 2009);

BCF ¼ Concentration in fish at steady state mg=kg wet fishð Þ
Concentration in water at steady state mg=Lð Þ

ð1Þ

Heavy metal indices for pollution assessment
The degree of metal contamination could be evaluated
by the determination of the contamination factor (CF),
pollution load index (PLI), and metal pollution index
(MPI) from the following formulae (Tomlinson et al.,
1980 and Usero et al., 2005):

CF ¼ Cmetal=Cbackground ð2Þ

where Cmetal is the metal concentration and Cbackground is
the background concentration of each metal. In the present
study, the lowest mean concentration was used as baseline/
or background values. Contamination factor (CF) referred
that CF < 1 refers to low contamination, 1 ≥CF < 3 means
moderate contamination, 3 ≥CF ≥ 6 indicates considerable
contamination, and CF > 6 indicates very high contamin-
ation (Harikumar and Jisha 2010).

PLI ¼ CF1 � CF2 � CF3 �⋯⋯� CFnð Þ1=n ð3Þ

where n is the number of metals and CF is the contam-
ination factor. When the value of PLI is < 1, a low of
pollution is suggested. The PLI value of one indicates
the presence of only baseline level of pollutants while
value above one indicates progressive deterioration of
the site and estuarine quality (Tomlinson et al., 1980).

MPI ¼ M1 �M2 �M3 �⋯⋯�Mnð Þ1=n ð4Þ

where n and M are the metal number and metal concen-
tration, respectively.

Statistical analyses
The comparison between means and standard deviations
was tested for significance (P ≤ 0.05) using ANOVA ana-
lysis, Duncan’s multiple range test, and t test. In
addition, the relationship among heavy metals in water
was assessed using Pearson’s correlation coefficient. All
statistical analyses were done using the computer pro-
gram of SPSS Inc. (2007, version 16.0 for Windows XP).

Results
Evaluation of heavy metals (Mn, Zn, Fe, Ni, Cu, and Pb) in
Burullus Lake
Table 2 represents the average values of heavy metals
(Mn, Zn, Fe, Ni, Cu, and Pb) in surface water of Burullus
Lake during winter and summer seasons for the year
2014. The descriptive statistics of heavy metal values are
presented in Table 3.The annual means of Mn, Zn, Fe,
Ni, Cu, and Pb were 1.09, 10.50, 29.38, 6.87, 2.05, and
5.98 μg/L, respectively. The order of heavy metals in the
water of Burullus Lake was Fe > Zn > Ni > Pb > Cu >Mn.
The concentration of Mn in lake water was non-

detected at Boughaz (site 2) during summer. The highest
value of Mn in Burullus Lake water was 2.58 μg/L at the
front of Hoksa (site 5) during winter whereas the lowest
concentration of Mn was 0.1 μg/L during summer at
both the front of Hoksa and Mastroh (sites 5 and 6).
Levels of zinc, Zn, in Burullus Lake water ranged from
2.68 μg/L during summer at the front of Hoksa site to
44.44 μg/L during winter at site front of Drain No.7.
The highest value of iron, Fe, in Burullus Lake water
was 92.54 μg/L during summer at Burullus East (site 1),
whereas the lowest concentration of Fe in lake water
was 7.66 μg/L during winter at Mastroh (site 6).
The highest value of nickel, Ni, in lake water was

11.64 μg/L during summer at Mastroh (site 6), whereas
the lowest concentration of Ni in lake water was
2.94 μg/L during winter at the front of Hoksa (site5).
The highest value of copper, Cu, in Burullus Lake water
was 3.36 μg/L during summer at Mastroh (site 6),
whereas the lowest concentration of Cu in lake water
was 0.78 μg/L during winter at the front of Hoksa (site

Table 1 The description of sampling sites in Burullus Lake

Site no. Site name Description

1 Burullus East It is located in the eastern area of the lake which receives the drainage water from Khashaa (El-Gharbia) main drain, Terra
drain, and Burullus East drain.

2 Boughaz It is located in the front of Boughaz El-Burullus (outlet).

3 Drain No. 7 It is located in the front of Drain No. 7

4 Shakhloba It is located in the front of Drain No. 9 and receives drainage water from drains Nos. 8 and 9.

5 Hoksa It is located in the western area of the lake and receives drainage water from drain No. 11, Burullus west drain, and fresh
water from Brinbal Canal.

6 Mastroh It is located in the northern area of the lake.
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5). Concentrations of lead (Pb) in Burullus Lake water
were non-detected at sites front of Drain No.7 (site 3),
front of Hoksa (site 5), and Mastroh (site 6) during win-
ter. The highest value of Pb in lake water was 12.50 μg/L
during summer at Boughaz (site2), whereas the lowest
concentration of Pb in Burullus Lake water was 0.32 μg/
L during winter at Shakhloba (site 4).
Table 4 and Fig. 2 present the annual mean of heavy

metal concentrations, viz. Mn, Zn, Fe, Ni, Cu, and Pb, in
Burullus Lake water during 2014. Generally, Mn and Zn re-
corded their highest values in lake water samples collected
from the front of Drain No. 7 site. Fe recorded its highest
value in lake water samples collected from Burullus East
site, while Ni, Cu, and Pb showed their maximum concen-
trations at Mastroh site.

Evaluation of heavy metals (Mn, Zn, Fe, Ni, Cu, and Pb)
for fish samples
Table 5 represents the values of heavy metal (Mn, Zn,
Fe, Ni, Cu, and Pb) values (μg/g wet weight) in the mus-
cles of O. niloticus fish collected from Burullus Lake
during winter and summer for the year 2014. Table 6
represents the descriptive statistics of heavy metal values
in the fish muscles. The annual means of heavy metals
Mn, Zn, Fe, Ni, Cu, and Pb in the muscles of O. niloticus
fish were 0.68, 4.70, 10.62, 0.52, 0.39, and 0.46 μg/g wet
wt., respectively. The order of heavy metals in the mus-
cles of O. niloticus fish of Burullus Lake was Fe > Zn >
Mn > Ni > Pb > Cu.
The highest concentration of Mn in fish muscles was

1.34 μg/g wet wt. during winter at eastern sector,
whereas the lowest concentration of Mn in fish muscles
was 0.21 μg/g wet wt. during summer at western sector.
The highest value of Zn in fish muscles was 6.23 μg/g

wet wt. during summer at western sector, whereas the
lowest concentration of Zn in fish muscles was 3.64 μg/g
wet wt. during summer at eastern sector. The highest
value of Fe in fish muscles was 17.66 μg/g wet wt. during
winter at middle sector, whereas the lowest value of Fe
in fish muscles was 6.39 μg/g wet wt. during summer
western sector.
The highest value of Ni in fish muscles was 0.64 μg/g

wet wt. during summer at eastern sector, whereas the
lowest concentration of Ni in fish muscles was 0.43 μg/g
wet wt. during winter at middle sector. The highest
value of Cu in fish muscles was 0.53 μg/g wet wt. during
winter at middle sector, whereas the lowest concentra-
tion of Cu in fish muscles was 0.28 μg/g wet wt. during
summer at western sector. There was a significant differ-
ence (p = 0.021) for the annual mean of Cu concentra-
tion in muscles between the different sectors (eastern,
middle, and western). The highest value of Pb in fish
muscles was 0.81 μg/g wet wt. during winter at western
sector, whereas the lowest concentration of Pb in fish
muscles was 0.21 μg/g wet wt. during winter at eastern
sector (Table 5).
Table 7 and Fig. 3 present the annual mean of heavy

metals (μg/g wet wt.) in O. niloticus muscles at each
sector (eastern, middle, and western) of Burullus Lake
during 2014. Generally, Mn and Ni recorded their high-
est values in fish muscles from the eastern sector; Zn
and Pb were found in the western sector, while the
maximum values of Fe and Cu were at middle sector.
The highest annual mean value of Mn was 0.84 μg/g
wet wt. recorded at the eastern sector which exhibited
insignificant variation (p = 0.348) with the other sectors,
where the lowest value (0.49 μg/g wet wt.) was recorded
at the middle sector. The obtained data revealed that

Table 2 Average values of heavy metals (μg/L) in surface water of Burullus Lake during winter and summer 2014

Site Winter Summer

Mn Zn Fe Ni Cu Pb Mn Zn Fe Ni Cu Pb

1 Burullus East 0.42 12.02 20.74 3.12 2.02 1.68 1.48 4.82 92.54 9.04 2.66 1.48

2 Boughaz 0.80 11.96 10.38 3.72 1.06 3.40 N.D. 4.06 19.62 8.60 2.42 12.50

3 Front of Drain No.7 1.84 44.44 10.56 3.28 2.16 N.D. 1.74 3.74 23.66 10.08 2.12 9.08

4 Shakhloba 0.36 9.40 20.04 4.10 1.12 0.32 2.34 5.82 63.30 10.88 3.16 7.08

5 Front of Hoksa 2.58 12.44 14.94 2.94 0.78 N.D. 0.10 2.68 13.96 10.26 1.04 8.10

6 Mastroh 0.18 11.74 7.66 4.80 2.72 N.D. 0.10 2.92 55.10 11.64 3.36 10.2

N.D. not detected

Table 3 Descriptive statistics of heavy metal values (μg/L) in the surface water of Burullus Lake during 2014

Metal Mn Zn Fe Ni Cu Pb

Max 2.58 44.44 92.54 11.64 3.36 12.5

Min 0.10 2.68 7.66 2.94 0.78 N.D.

Annual mean ± SD 1.09 ± 0.94 10.50 ± 11.37 29.38 ± 26.50 6.87 ± 3.47 2.05 ± 0.87 5.98 ± 4.37

p value 0.842 0.041 0.038 < 0.0001 0.108 0.030
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there was no significant difference (p = 0.107) for the
annual mean values of Zn in muscles at the three stud-
ied sectors, which ranged between 4.05 (eastern sector)
and 5.79 μg/g wet wt. (western sector). The results
showed that there were insignificant variations (p = 0.083)
for the annual mean values of Fe in fish muscles, with
means of 13.18, 10.28, and 8.42 μg/g wet wt. at the middle,
eastern, and western sectors, respectively.
The obtained data revealed that the highest annual

mean value of Ni (0.58 μg/g wet wt.) in muscles was re-
corded at the eastern sector of Burullus Lake which ex-
hibited a significant variation (p = 0.037) with the other
sectors. The highest mean value (0.47 μg/g wet wt.) was
recorded in middle sector, whereas the lowest value
(0.32 μg/g wet wt.) was in western sector. The results re-
corded in Table 7 show that there were no significant
differences (p = 0.095) for the annual mean values of Pb
values in fish muscles from different sectors of Burullus
Lake. The highest mean value (0.57 μg/g wet wt.) was
recorded at western sector, while the lowest one
(0.33 μg/g wet wt.) was at eastern sector.

Assessment of heavy metals (Mn, Zn, Fe, Ni, Cu, and Pb)
in Burullus Lake water
Seasonal variation of heavy metal distribution in Burullus
Lake water and for O. niloticus muscles
The results presented in Table 8 revealed that there were
no significant variations (p = 0.842) in the seasonal mean
values of Mn among winter and summer seasons, where
the lowest value (1.03 μg/L) was obtained in winter sea-
son and the highest one (1.15 μg/L) was in summer sea-
son. It can be also noticed that the mean values of Zn
exhibited a significant variations (p = 0.041) among
winter and summer seasons. However, the lowest value
(4.01 μg/L) was found in the summer season, and the
highest value (17.00 μg/L) was in the winter season. It is
clear that there was a significant variation (p = 0.038) in
the seasonal mean values of Fe values in water, where
the lowest seasonal mean value (14.05 μg/L) was re-
corded in the winter season and the highest (44.70 μg/L)
was in summer.
There was a significant variation (p < 0.0001) in the

seasonal mean values of Ni values in water, where
the lowest seasonal mean value (3.66 μg/L) was ob-
tained in the winter season and the highest one
(10.08 μg/L) was in summer. The obtained data re-
vealed that seasonal mean values of Cu values in
water not varied significantly (p = 0.108) among
winter and summer seasons, where the lowest value
(1.64 μg/L) was recorded in the winter season and
the highest one (2.46 μg/L) was in the summer
season. Seasonal mean values of Pb in lake water
showed a significant difference (p = 0.030) among
winter and summer seasons, where the highest value
was 8.07 μg/L in the summer season and the lowest
mean value was 1.80 μg/L in water during winter
season.

Table 4 Annual mean of heavy metal concentration (μg/L) in
Burullus Lake water during 2014

Site Mn Zn Fe Ni Cu Pb

Burullus East 0.95 8.42 56.64 6.08 2.34 1.58

Boughaz 0.8 8.01 15 6.16 1.74 7.95

Front of Drain No. 7 1.79 24.09 17.11 6.68 2.14 9.08

Shakhloba 1.35 7.61 41.67 7.49 2.14 3.7

Front of Hoksa 1.34 7.56 14.45 6.6 0.91 8.1

Mastroh 0.14 7.33 31.38 8.22 3.04 10.2

*PL (μg/L) – 5000 300.00 10 50.00 50.00

*PL (permissible limits) according to guidelines in EPA (2002)

Fig. 2 Annual mean of heavy metal concentration (μg/L) in water at each selected site of Burullus Lake during 2014
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Table 8 and Fig. 4b represent the seasonal distribu-
tion of the metal concentration in muscle fish tissues. It
can be observed that there was a significant variation
(p < 0.0001) in the seasonal mean values of Mn among
winter and summer seasons, where the lowest value
(0.27 μg/g wet wt.) was obtained in the summer season,
while the highest one (1.10 μg/g wet wt.) was in the
winter season. Seasonal variation of Zn in muscle tis-
sues showed insignificant difference (p = 0.937), where
the highest value (4.73 μg/g wet wt.) was recorded in
winter and the lowest value (4.67 μg/g wet wt.) was in
summer.
The data presented in Table 8 revealed that the sea-

sonal mean values of Fe concentration in muscles varied
significantly (p = 0.001) among winter and summer,
where the lowest value (7.93 μg/g wet wt.) was found in
summer and the highest value (13.32 μg/g wet wt.) was
in winter. It can be also noticed that there was a signifi-
cant difference(p = 0.012) for the seasonal mean values
of Ni values among winter and summer seasons, where
the lowest value (0.47 μg/g wet wt.) was obtained in the
winter season and the highest one (0.56 μg/g wet wt.)
was in summer. The seasonal mean values of Cu con-
centration in muscles varied significantly (p = 0.002)
among winter and summer seasons, where the lowest
value (0.32 μg/g wet wt.) was obtained in summer and
the highest value (0.45 μg/g wet wt.) was in winter.
Table 8 shows that seasonally, there were no significant
variations (p = 0.066) of Pb values in muscles, where the
highest value (0.63 μg/g wet wt.) was found in winter
and the lowest one (0.37 μg/g wet wt.) was in summer.
According to the seasonal distribution of the metal

concentration in Burullus Lake water, it can be noticed
that all metals, except Zn, exhibited their highest
values during summer season (Table 8 and Fig. 4a).
However, all metals, except Ni, exhibited their highest
value in fish muscles during winter season (Table 8
and Fig. 4a).

Analysis of heavy metals (Mn, Zn, Fe, Ni, Cu, and Pb) in
Burullus Lake water
The Pearson’s correlation coefficient (r) was calculated to
determine if some of these metals were interrelated with
each other, and the results are presented in Table 9.The
results showed that there were no significant (P > 0.05)
correlation between concentration of Mn and other stud-
ied heavy metals in water. Zn had a negative significant
(P ≤ 0.05) correlation between concentrations of Zn and
concentrations of Ni and Pb, while Fe had a positive sig-
nificant (P ≤ 0.05) correlation between its concentration
and two other elements (Ni and Cu) in water. The results
presented in Table 9 revealed that Ni and Pb had a posi-
tive significant (P ≤ 0.05) correlation between their con-
centrations in water during winter and summer seasons.

Estimation of heavy metal (Mn, Zn, Fe, Ni, Cu, and Pb)
bioconcentration for O. niloticus fish in Burullus Lake
The bioconcentration factors (BCFs) of the heavy metals
in the muscles of O. niloticus fish in the eastern, middle,
and western sectors of Burullus Lake are presented in
Table 10. It was observed that the eastern sector had the
highest BCFs of Mn (803.83) and Ni (94.77) while the
western sector had the highest BCFs of Zn (765.87), Fe
(582.70), and Cu (351.65). The maximum BCF of lead
(122.94) was observed at the middle sector.

Determining the contamination factor (CF), pollution load
index (PLI), and metal pollution index (MPI) for O. niloticus
fish in Burullus Lake
The values of the contamination factor (CF), pollution
load index (PLI), and metal pollution index (MPI) for O.
niloticus fish collected from Burullus Lake are presented
in Table 11. The obtained data for CF in fish samples
showed the range of 1.00–1.90. The present study area
shows PLI values between 1.20 and 1.28 for fish samples
with maximum at the middle sector and minimum at

Table 5 Mean values of heavy metals (μg/g wet wt.) in O. niloticus muscles at Burullus Lake during winter and summer 2014

Location Winter Summer

Mn Zn Fe Ni Cu Pb Mn Zn Fe Ni Cu Pb

Eastern sector 1.34 4.46 11.85 0.52 0.46 0.21 0.33 3.64 8.71 0.64 0.29 0.39

Middle sector 0.71 4.37 17.66 0.43 0.53 0.62 0.27 4.13 8.69 0.58 0.40 0.39

Western sector 1.24 5.35 10.44 0.46 0.37 0.81 0.21 6.23 6.39 0.47 0.28 0.33

Table 6 Descriptive statistics of heavy metal values in O. niloticus muscles (μg/g wet wt.) at Burullus Lake during winter and summer 2014

Metal Mn Zn Fe Ni Cu Pb

Max 1.34 6.23 17.66 0.64 0.53 0.81

Min 0.21 3.64 6.39 0.43 0.28 0.21

Annual mean ± SD 0.68 ± 0.5 4.70 ± 0.94 10.62 ± 3.91 0.52 ± 0.08 0.39 ± 0.1 0.46 ± 0.22

P value 0.348 0.107 0.083 0.037 0.021 0.095
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eastern sector. The MPI values varied from 1.15 to 1.22
in fish samples.

Comparing between concentrations of heavy metals in
Burullus Lake of the present study with the previous studies
The comparison between values of heavy metals of both
water and O. niloticus muscle tissues in Burullus Lake
water of the present study with those results of the pre-
vious studies is presented in Tables 12 and 13.

Discussion
Burullus Lake is considered a big water pond affected by
different sources of pollution. Therefore, the local vari-
ation of metals was not obviously clear and showed
metal-specific area, with slight low concentration at
Boughaz and Mastroh sites which are relatively far away
from pollution sources.
Heavy metals in the water of Burullus Lake followed

the order Fe > Zn > Ni > Pb > Cu > Mn. High levels of
Fe in the water of Burullus Lake could be due to Fe re-
lease from sediments as sulphides (Abo El Ella et al.,
2005). Zinc is sometimes released into the aquatic envir-
onment in considerable amounts. Zinc is harmful at

lower sub-lethal values, particularly after extended ex-
posure (Bryan and Langston, 1992; UNEP, 1993). Nickel
is a fairly movable metal in natural waters. Generally,
values of soluble nickel are less than those of suspended
and bed sediments (USPHS, 2005). The highest value of
Pb may be resulted from heavy agricultural runoff con-
taining fertilizers, agrochemicals, and pesticides and
from gasoline containing Pb from the fishery boats.
Copper is one of the most common contaminants re-
lated to urban runoff and antifouling paint. It is gener-
ally utilized as herbicidal producing component
(Kennish, 1996). When Mn values in natural waters
exceeded 0.2 mg/l, this can often be attributed to an-
thropogenic activities, rather than natural enrichment of
the water by Mn (Nagpal, 2001). Manganese toxicity in
aquatic environment is impacted by several factors such
as salinity, water hardness, pH, and the occurrence of
other contaminants.
The highest values of Fe in lake water samples col-

lected from Burullus East site can be attributed to the
decrease in the pH of the water at the eastern area due
to the growth of aquatic plants where CO2 is liberated
with high rates as a result of the respiration of such

Table 7 Annual mean ± SD of heavy metals (μg/g wet wt.) in O. niloticus muscles from Burullus Lake

Location Mn Zn Fe Ni Cu Pb

Eastern sector 0.84 ± 0.65a 4.05 ± 0.73a 10.28 ± 3.82ab 0.58 ± 0.11a 0.37 ± 0.14ab 0.33 ± 0.13a

Middle sector 0.49 ± 0.26a 4.25 ± 0.82a 13.18 ± 6.14a 0.51 ± 0.11ab 0.47 ± 0.08a 0.56 ± 0.31a

Western sector 0.72 ± 0.60a 5.79 ± 3.15a 8.42 ± 3.32b 0.46 ± 0.06b 0.32 ± 0.09b 0.57 ± 0.28a

*PL (μg/g wet wt.) 1 100 100 0.5–1 30 2

p value 0.348 0.107 0.083 0.037 0.021 0.095

Means in the columns followed by different letters are significantly different (Duncan’s multiple range test P < 0.05). Superscript letters a, b, and c show
differences among locations. *PL (permissible limits) (average daily intake in wet wt.) according to WHO guidelines, 1989 (Mokhtar, 2009)

Fig. 3 Annual mean of heavy metals (μg/g wet wt.) in O. niloticus muscles at each sector (eastern, middle, and western) of Burullus Lake
during 2014
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plants and there is a matter of fact that Fe may be assim-
ilated from both water and sediments by plants grow in-
tensively at the lakes. However, the higher values of Mn
and Zn in lake water samples collected from the front of
Drain No. 7 site indicates that the Drain No. 7 located at
the southern part of the lake discharge its drainage water
with higher concentrations of Mn and Zn in comparison
with the water discharged eastern and western parts of
the lake. As well as, the higher concentrations of Ni, Cu,
and Pb at Mastroh site may be resulted from boat activ-
ities that include disposal of liquid wastes and use of
paints, also the agriculture wastewater from Zaghlol
drain that located near from Mastroh station.
Heavy metals in the muscles of O. niloticus fish of Bur-

ullus Lake followed the order Fe > Zn > Mn > Ni > Pb >
Cu. Fish muscle is the edible part of fish and frequently
employed in assessing human health risks in relation to
fish consumption. There is a metal-specific area according
to the type of the pollution source. Generally, Mn and Ni
recorded their highest values in fish muscles from the
eastern sector; Zn and Pb were found in the western sec-
tor, while the maximum values of Fe and Cu were in the
middle sector. The essential metals, such as iron, zinc,
copper, and manganese are in higher values, presumably
due to their function as co-factors for the activation of a
number of enzymes and regulated to maintain a certain
homeostatic status in fish. On the other hand, the non-

essential metals have no biological function or require-
ment, and its values in fishes are generally low (Kumar et
al., 2011). The values of Mn in fish muscles were lower
than those obtained in muscle tissues of Nile tilapia
(7.66 μg/g wet wt.) from some fish farms in El-Fayoum
province (Ali and Abdel-Satar, 2005).
In Burullus Lake water, all metals, except Zn, exhibited

their highest values during summer season. This may be
attributed to agricultural runoff, which may carry higher
values of these metals and arise from anthropogenic ac-
tivities such as the use of chemical fertilizers and pesti-
cides in agriculture land. While in fish muscles, all metals,
except Ni, exhibited their highest value during winter sea-
son. The higher metal content in muscles in winter may be
a result from considerable rainfall which washed down the
wastes (Dural et al., 2007; Saei-Dehkordi and Fallah, 2011).
The bioavailability of metals may be influenced by physio-
logical activities of fish during different seasons (Tekin-
Özan and Kir, 2008). Different season-dependent condi-
tions such as salinity, pH and hardness, dietary factors, and
growth and reproductive cycles are also influential on metal
accumulation in fish tissues (Yilmaz et al., 2010 and Saei-
Dehkordi and Fallah, 2011). These results are in agreement
with Authman et al. (2013), who found that metal concen-
tration in fish organs exhibited seasonal variations due to
the increase or decrease of drainage water discharged into
the canals.

Table 8 Seasonal mean ± SD of heavy metals in water (μg/L) and in O. niloticus muscles (μg/g wet wt.) from Burullus Lake during 2014

Season Water Fish

Mn Zn Fe Ni Cu Pb Mn Zn Fe Ni Cu Pb

Winter 1.03 ±
0.96

17.0 ±
13.49

14.05 ±
5.44

3.66 ± 0.70 1.64 ±
0.77

1.80 ±
1.54

1.10 ±
0.47

4.73 ±
0.87

13.32 ±
4.04

0.47 ±
0.09

0.45 ±
0.12

0.55 ±
0.31

Summer 1.15 ±
1.01

4.01 ± 1.18 44.70 ±
30.9

10.08 ±
1.13

2.46 ±
0.83

8.07 ±
3.73

0.27 ±
0.07

4.67 ±
2.77

7.93 ± 4.13 0.56 ±
0.09

0.32 ±
0.09

0.37 ±
0.18

p value 0.842 0.041 0.038 < 0.0001 0.108 0.030 < 0.0001 0.937 0.001 0.012 0.002 0.066

a b

Fig. 4 Seasonal mean of heavy metals in a water (μg/L) and b in O. niloticusmuscles (μg/g wet wt.) from Burullus Lake during winter and summer 2014
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The non-significant correlation of Mn concentration
and the negative correlation of Zn concentration with
the concentration of the other studied metals in water
may be due to the source of Mn and Zn (agricultural
and domestic sewage) which is not similar to the source
of the other studied heavy metals. The positive relation-
ship indicates that the source of Fe, Ni, Cu, and Pb (in-
dustrial) input in Burullus Lake is similar. So we can
noticed that the higher concentrations of Mn and Zn are
found in the southern region of the lake, while the
higher concentrations of Fe, Ni, Cu, and Pb are found
mostly in the eastern region of the lake.
The estimation of biological status (biological moni-

toring), especially of the fish communities, is important
for monitoring and the assessment of overall integrative
ecological status of natural water bodies and specific
aquatic environments (Bervoets and Blust, 2003; Ben
salem et al., 2014). The high bioconcentration factors
(BCFs) of heavy metals in the muscles of O. niloticus fish
may reflect the large release of heavy metals to the en-
vironment due to domestic and industrial runoff. How-
ever, these high concentrations are also a result of the
major environmental conditions of most aquatic ecosys-
tems (slight acidity and moderately high organic matter)
which favor high rates of bioavailability and therefore ac-
cumulation in the food chain.
Jezierska and Witeska (2006) concluded that the differ-

ence in the amounts of various metal ion accumulation
in fish body result from different affinity of metals to fish
tissues, different uptake, deposition, and excretion rates.
Studies related to the bioaccumulation of metals in tis-
sues demonstrated the variation of metal accumulations
(Watanabe et al., 2003, Masoud et al., 2007 and Younis

et al., 2015). Moreover, Koca et al. (2005) postulated that
the accumulation patterns of contaminants in fish and
other aquatic organisms depend on both uptake and
elimination rates of contaminants. Bioaccumulation of
metals may lead to high mortality rate or cause many
biochemical and histological alterations in the survived
fish (Rashed, 2001a; Rashed, 2001b and Soltan et al.,
2005). It has been indicated that BCFs from environ-
ment to fish tissue changes according to the species of
the chemical, the metabolite properties of the tissues,
and the pollution degree of the environment (Ayas,
2007; Ozmen et al., 2008 and Younis et al., 2015).
The degree of contamination from heavy metals could

be evaluated by determining the contamination factor
(CF), pollution load index (PLI), and metal pollution index
(MPI) (Tomlinson et al., 1980 and Usero et al., 2005). The
PLI gives an evaluation of the overall toxicity status of the
sample, and also, it is a consequence of the contribution
of the studied metals (Mn, Zn, Fe, Ni, Cu, and Pb). In
addition, MPI can also be used to assess the quality of the
coastal areas and compare the total metal content in the
different compartments of the studied area.
Burullus Lake referred a moderate contamination area

as the obtained data for CF in fish samples showed the
range of 1.00–1.90. According to Tomlinson et al. (1980),
the obtained PLI values indicate progressive decline in the
quality of the present investigated sectors of Burullus
Lake. MPI was previously used to evaluate the metal con-
tamination in different marine organisms and compare its
degree between locations and within different species
(Giusti et al., 1999; Hamed and Emara, 2006; Ibrahim and
Abu El-Regal, 2014; Abdel-Salam and Hamdi, 2014; and
El-Moselhy et al., 2016). According to the estimated data
resulting from contamination factor and pollution indices
(PLI and MPI), the degree of contamination in the present
area by using O. niloticus fish can be classified as follows:
middle sector > western sector > eastern sector.
It could be observed from the comparison between

values of heavy metals of both water and O. niloticus
muscle tissues in Burullus Lake water of the present study
with those results of the previous studies that the annual
mean of Mn detected in water (1.09 μg/L) was lower than
that recorded by Saeed and Shaker (2008), while other
studied metals were in the range of the previous studies.

Table 9 The Pearson’s correlation coefficient (r) between heavy
metals in water

Metal Mn Zn Fe Ni Cu Pb

Mn 1

Zn 0.267 1

Fe 0.214 − 0.366 1

Ni − 0.040 − 0.612* 0.589* 1

Cu − 0.007 − 0.109 0.592* 0.554 1

Pb 0.088 − 0.724* − 0.115 0.709* 0.401 1

*Correlation is significant at p value < 0.05

Table 10 Bioconcentration factors (BCFs) of heavy metals in
muscles of Oreochromis niloticus fish

Location BCFs

Mn Zn Fe Ni Cu Pb

Eastern sector 803.83 493.00 286.99 94.77 181.37 69.25

Middle sector 449.54 326.67 438.60 68.32 192.62 122.94

Western sector 537.31 765.87 582.70 69.70 351.65 70.37

Table 11 Values of the contamination factor (CF), pollution load
index (PLI), and metal pollution index (MPI) for O. niloticus fish
collected from Burullus Lake

Location CF PLI MPI

Mn Zn Fe Ni Cu Pb

Eastern sector 1.71 1.00 1.22 1.23 1.15 1.00 1.20 1.15

Middle sector 1.00 1.05 1.57 1.09 1.42 1.70 1.28 1.22

Western sector 1.49 1.43 1.00 1.00 1.00 1.90 1.26 1.20
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Also, the values of Mn, Zn, and Ni detected in O. niloticus
muscle tissues were lower than ones recorded by other
studies, while Fe, Cu, and Pb were in the range of the previ-
ous studies.
The concentrations of metals in water and O. niloticus

fish are generally accepted by the international legislation
limits. Generally, the value of metals detected in water
was lower than those recorded by EPA (2002) for the per-
missible limits of heavy metals, whereas the concentra-
tions of heavy metals detected in O. niloticus muscles
were within the permissible concentrations (PL) recom-
mended by the World Health Organization (WHO)
(Mokhtar, 2009).

Conclusions
Burullus Lake has received a great attention because of its
environmental and economic importance for being a sig-
nificant source of fish production in Egypt. The study was
designed to evaluate some metal pollution in Burullus
Lake. The values of heavy metals (Mn, Zn, Fe, Ni, Cu, and

Pb) were measured in lake water and muscles of fish
(Oreochromis niloticus) during winter and summer 2014.
In the present study, the obtained values of metals (Mn,

Zn, Fe, Ni, Cu, and Pb) in water samples varied among dif-
ferent sites. The front of Drain No. 7 (site 3) has the highest
values of Mn and Zn while Mastroh (site 6) has the highest
values of Ni, Cu, and Pb. In addition, the highest value of
Fe was at Burullus East (site1). The values of heavy metals
in surface water of Burullus Lake during the year 2014 were
follow the order Fe > Zn > Ni > Pb > Cu > Mn. The value
of the studied metals (Mn, Zn, Fe, Ni, Cu, and Pb) in fish
Oreochromis niloticus varied among different sectors. The
middle and eastern sectors of Burullus Lake have higher
concentrations of heavy metals than the western sector
which attributed to the occurrence of many drains carrying
sewage and agricultural waste at these sectors. The order of
heavy metals in the muscles of O. niloticus fish of Burullus
Lake was Fe > Zn > Mn > Ni > Pb > Cu.
It was found that the eastern sector had the highest bio-

concentration factors (BCFs) of Mn and Ni while the
western sector has the highest BCFs of Zn, Fe, and Cu.
The maximum BCF of lead was observed at the middle
sector. In addition, contamination factor (CF) and pollu-
tion indices (PLI and MPI) of Oreochromis niloticus were
used to determine the degree of heavy metal pollution at
the different sectors and indicated that the investigated
area referred moderate contamination area. The obtained
PLI values indicating progressive decline in the quality of
the present investigated sectors of Burullus Lake.
Health risk analysis of heavy metals in the edible parts

of the fish indicated safe concentrations for human con-
sumption, and values in the muscles are generally ac-
cepted by the international legislation limits. The

Table 12 Comparison between heavy metal concentrations of (μg/L) in Burullus Lake water of the present study with the previous
studies

References Heavy metal values (μg/L) in water

Mn Zn Fe Ni Cu Pb

Beltagy (1985) – – 250 – 2.66 –

Abdelmoneim et al., (1990) – 9.23 – – 2.56 2.15

Radwan (2000) – 6.76 246 – 3.52 2.67

Farag (2002) – 190.00 240 – 50.00 60.00

Radwan and Lotfy (2002) – 7.5 580 – 5.80 3.50

Radwan and Shakweer (2004) – 11.07 1031 3.73 8.48 5.00

Radwan (2005) – 15.68 1920 4.13 12.43 7.30

Saeed and Shaker (2008) 194.00 50.00 425 – 35.00 65.00

Basiony (2009) – – – – 13.89 79.90

Masoud et al. (2011) – 30.75 17,370 – 3.30 4.13

Basiony (2014) – 64.15 1550 26.58 23.42 12.07

El-Alfy (2015) – 2.92 14.64 – 7.28 8.88

The present study 1.09 10.50 29.38 6.87 2.05 5.98

Table 13 Comparison of heavy metal values in muscles of O.
niloticus fish with previous studies in northern lakes and other
localities

References Heavy metal (μg/g) in fish muscles

Mn Zn Fe Ni Cu Pb

El-Moselhy (1999) – 5.96 4.32 – 0.51 0.13

Radwan and Shakweer (2004) – 19.26 – 6.31 4.9 7.64

Saeed and Shaker (2008) – 9.88 21.44 – 1.77 0.016

Basiony (2009) – – – – 1.43 6.45

Basiony (2014) – 18.7 27.14 1.45 0.36 1.29

The present study 0.68 4.70 10.62 0.52 0.39 0.46
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concentrations of metals in water and Oreochromis niloti-
cus fish should be continuously monitored to keep it safe,
as well as the wastewater must be treated before being
drained into the lake. In addition, cooperation between
different authorities and efforts are needed to protect the
biodiversity in Burullus Lake.
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